SEMICONDUCTOR DEVICE WITH THREE-DIMENSIONAL VERTICALLY ORIENTED INTEGRATED
CAPACITORS Field of the Invention The present invention relates in general to semiconductor
devices and, more particularly, to a semiconductor device having three-dimensional (3-D) vertically
oriented integrated capacitors. Background of the Invention Semiconductor devices are commonly
found in modern electronic products. Semiconductor devices vary in the number and density of electrical
components. Discrete semiconductor devices generally contain one type of electrical component, e.g.,
light emitting diode (LED), transistor, resistor, capacitor, inductor, and power metal oxide semiconductor
field effect transistor (MOSFET). Integrated semiconductor devices typically contain hundreds to millions
of electrical comgonents. Exam$les of integrated semiconductor devices include microcontrollers,

MiCroprocessors, %M&@%@go% %ﬁg\ﬁﬁ (@é@%&iiﬁﬁﬁ&i@%@@é@%}‘mﬁ%ﬁﬁﬁvices (DMDs).

Field of the Invention

The present invention relates in general to
semiconductor devices and, more particularly, to a semiconductor
device having three-dimensional (3-D) vertically oriented

integrated capacitors.

Background of the Invention

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

Semiconductor devices perform a wide range of



Semiconductor devices perform a wide range of functions such as high-speed calculations, transmitting
and receiving electromagnetic signals, controlling electronic devices, transforming sunlight to electricity,
and creating visual projections for television displays. Semiconductor devices are found in the fields of
entertainment, communications, power generation, networks, computers, and consumer products.
Semiconductor devices are also found in electronic products including military, aviation, automotive,

industrial’cHhtiolerss antd dHiceeqdiphienteed calSemitbhalctor bedited exploitinédectrical

properties &f sericandeictornatesiglse T he atempicstayctuenefsemicapduatermaterial allows its electrical
conductivity to be manipulated by the application of an electric field or through the process of doping.

Doping iftfoduces imphAatied mtd tsemitbhdlittor thatefi&lth Hramipulatd and tontrdlhe conductivity of
the semicondugtordeyige:t ions Aosemicdaduetos deviceconiains astve ane gassive electrical
structure%. Active structurgs, ingluding&gansisto s, conjrol the flow of electrical current. By varying levels
of doping &nd Splication 'of AR elédtric teld, the tHanSistor sither BroMstes or restricts the flow of electrical
current. Rassivenstraaturess includieg registors; diedes, andvnduciors; create arrelationship between
voltage aggncsurregt necessary éo per%grm go\aa({iegfr 8]:: e@ctricg(lefunctign%l'l'shoe @assi\(/je a?ld active
structures are L(%\llqclacfrié%ﬁly connacted 16 Torm circyi S, which' enable thé sémiconductor device to perform
highspeedlcatdutations anchdther uisefut funttiopsmilitary, aviation, automotive,

industrial controllers, and office equipment.

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

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

Semiconductor devices are generally manufactured using
two complex manufacturing processes, i.e., front-end
manufacturing, and back-end manufacturing, each involving

potentially hundreds of steps. Front-end manufacturing involves



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

and packaghgthethé 1@ Pr&ide sPacttirdt Sbipport atierfAirohifertatisaiafio’™ @ One goal of
semicondustardaanutactringsisde producensmalierisenmigpnductor deviees. Srnallergevices typically
consume less power, have higher performance, and can be_produced more efficiently. In addition, smaller
semicondUrdéVicés - have %néllé?l?c?otﬁﬁfnt?\]Aﬁ'n?(,rtﬂjscdaejs%r%bf‘e%?§ﬁ1%ﬂ89eﬁ&5?6’®c?§1% smaller die
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density active and passive components. Back-end processes may result in semiconductor device
packages W?tf'lval%‘ﬁ% er%b%tpﬁﬁ?%y%lﬁ%rd%e%esﬁig% &ie ?rfcaﬁh%el‘%%ﬁﬁ@gfr&?aﬁ Patk&ging materials.
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Examples, of IR include resjstors, sapacifors, and lnduetors, A pical RF sstef.reguifgs fufile IPDs
In one or more semiconductor packages to perform the necessary electrical functions. n

i_ntegratenﬁ@apaeifdﬁs tﬁﬁ(tdlly-mad@ bgddrmingra fi@@ﬁﬂel@lﬂay@pﬁmn_ﬁwgl ah Cbﬁs_tﬂ&tiﬁgil@yer over the
first metal layer .and thendprming.a.second metallaver oyet the insulating layer, he, aplanar
metal-insulator-metal (MIM) capacitor. The planar MIN capacitor occupies a significant amount of silicon
area, parfiegdiy for-large valae devicéssueh a2 detoubling capacitots Y distrete caipagitsr déanh be used

in large vaye applications, Qut seauites integration;in;a system;in-package;(SiF) usigg sprface mount
technology (SMT), which is costly and can lower manufacturing yield.
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, integrated passive devices (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.

An integrated capacitor is typically made by forming a
first metal layer, forming an insulating layer over the first
metal layer, and then forming a second metal layer over the

insulating layer, i.e., a planar metal-insulator-metal (MIM)



Summary of the Invention A need exists for large value integrated passive devices without
consuming large silicon area. Accordingly, in one embodiment, the present invention is a semiconductor
device comprising a seed layer, a first conductive pillar disposed vertically over the seed layer, and a
second conductive pillar disposed over the seed layer. The semiconductor device further comprises a
conformal insulating layer formed over the first conductive pillar, and a conformal conductive layer formed
over the EGATBMMAPRsulatifG 167 " Pfe T cORBGCIVERINGS HhEPdGiTormaHiRBdIAtAG Tyer, and the
conformad gendective layericanstitifte 8 vesticallyeriented integrated gapacitoneT e semigonductor device
further comprises a semiconductor die or component mounted over the seed layer, and a first
interconn®eE8trGcture ERERTCHINY cGARESIEE 16 e séeshdPEdriduetivé iR =°r 2 Nn4noti&
embodiment, the jpeesent irvention is atsesmisonaduciorderice eemprisngreontoictive, pilars including a
first conductive pillar and a second conductive pillar, a conformal insulating layer formed gver the
conductive/ SITEIS, aRAECMTmAI ComtUGV ayel Torfted SV the CBRIBHMLP ReUIAEG Tayer. The first
conductivenpitiar, the corformakinsulating layerr and thef eanformakbconidelctive layer constitute a vertically
oriented integrated capacitor. The semiconductor device further comprises a semiconductor die or
component mounted over the conformal conductive layer and between the conductive pillars, and a first
interconnect structure electrically corfentekty thé seheicdmuendsridiea or component and vertically
oriented integrated capacitor. In another embodiment, the present invention is a semiconductor
device comprising a conductive pillar, a conformal insulating layer formed over the conductive pillar, and a
conformal conductive layercfermed oves tHeocorformal insulating hager Theccardsietives pillar, the

conformal insulating Jayer, and the cofarmal conductive Jayer consfitute a vertically oriented integrated

capacitor. The semiconductor device further comprises a semiconductor die or component mounted over
the conforial eavduttivenayerthe prefeafotherembbdiment, thespreseanivention sy sémiconductor

device comprising 2 cartier, a.semiconductar die,or.compopent mounted over the.carrier; and a vertically

oriented integrated metal-insulator-metal (MIM) capacitor disposed over the carrier. An active surface of
the semiétHduttot di&’ oP E6MmpehentiRgserpendiculaf isia JirsttedifodeCany 6 seesnd eldctiode of the

vertically prigptedintegrated MIM £apaCitQlyer . The semiconductor device further
comprises a conformal insulating layer formed over the first
conductive pillar, and a conformal conductive layer formed over
the conformal insulating layer. The first conductive pillar,
the conformal insulating layer, and the conformal conductive
layer constitute a vertically oriented integrated capacitor.
The semiconductor device further comprises a semiconductor die
or component mounted over the seed layer, and a first
interconnect structure electrically connected to the second
conductive pillar.

In another embodiment, the present invention is a
semiconductor device comprising conductive pillars including a
first conductive pillar and a second conductive pillar, a
conformal insulating layer formed over the conductive pillars,
and a conformal conductive layer formed over the conformal
insulating layer. The first conductive pillar, the conformal

insulating layer, and the conformal conductive layer constitute



Brief Description of the Drawings FIG. 1 illustrates a printed circuit board (PCB) with different
types of packages mounted to its surface; FIGs. 2a-2c illustrate further detail of the representative
semiconductor packages mounted to the PCB; FIGs. 3a-3g illustrate a process of forming a 3-D
vertically oriented integrated capacitor in a semiconductor package;

a vertically oriented integrated capacitor. The semiconductor
device further comprises a semiconductor die or component
mounted over the conformal conductive layer and between the
conductive pillars, and a first interconnect structure
electrically connected to the semiconductor die or component and
vertically oriented integrated capacitor.

In another embodiment, the present invention is a
semiconductor device comprising a conductive pillar, a conformal
insulating layer formed over the conductive pillar, and a
conformal conductive layer formed over the conformal insulating
layer. The conductive pillar, the conformal insulating layer,
and the conformal conductive layer constitute a vertically
oriented integrated capacitor. The semiconductor device further
comprises a semiconductor die or component mounted over the
conformal conductive layer.

In another embodiment, the present invention is a
semiconductor device comprising a carrier, a semiconductor die
or component mounted over the carrier, and a vertically oriented
integrated metal-insulator—-metal (MIM) capacitor disposed over
the carrier. An active surface of the semiconductor die or
component is perpendicular to a first electrode and a second

electrode of the vertically oriented integrated MIM capacitor.

Brief Description of the Drawings

FIG. 1 illustrates a printed circuit board (PCB) with
different types of packages mounted to its surface;

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

FIGs. 3a-3g illustrate a process of forming a 3-D

vertically oriented integrated capacitor in a semiconductor



FIG. 4 illustrates further detail of the 3-D vertically oriented integrated capacitor; FIG. 5 illustrates
the semiconductor package with the 3-D vertically oriented integrated capacitor; FIG. 6 illustrates
an alternate embodiment of the 3-D vertically oriented integrated capacitor in a semiconductor package;
FIG. 7 is a top view of the 3-D vertically oriented integrated capacitor; FIG. 8 is a top view of the
semiconductor package with the 3-D vertically oriented integrated capacitor; FIG. 9 is a top view
of the seRf¢driféitior package with another embodiment of the 3-D vertically oriented integrated
capacitor; FIG. 4 illustrates further detail of the 3-D

vertically oriented integrated capacitor;

FIG. 5 illustrates the semiconductor package with the
3-D vertically oriented integrated capacitor;

FIG. 6 illustrates an alternate embodiment of the 3-D
vertically oriented integrated capacitor in a semiconductor
package;

FIG. 7 is a top view of the 3-D vertically oriented
integrated capacitor;

FIG. 8 is a top view of the semiconductor package with
the 3-D vertically oriented integrated capacitor;

FIG. 9 is a top view of the semiconductor package with
another embodiment of the 3-D vertically oriented integrated
capacitor;

FIG. 10 illustrates the 3-D vertically oriented
integrated capacitor in a silicon interposer;

FIG. 11 illustrates further detail of the silicon
interposer with 3-D capacitor and conductive pillars;

FIG. 12 illustrates another embodiment of the silicon
interposer with 3-D capacitor and conductive pillars; and

FIG. 13 illustrates a flip chip type semiconductor die

mounted to the topside interconnect structure of FIG. 10.

Detailed Description of the Drawings

The present invention is described in one or more
embodiments in the following description with reference to the
Figures, in which like numerals represent the same or similar
elements. While the invention is described in terms of the best

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



FIG. 10 illustrates the 3-D vertically oriented integrated capacitor in a silicon interposer; FIG. 11
illustrates further detail of the silicon interposer with 3-D capacitor and conductive pillars; FIG. 12
illustrates another embodiment of the silicon interposer with 3-D capacitor and conductive pillars; and
FIG. 13 illustrates a flip chip type semiconductor die mounted to the topside interconnect structure of FIG.

10.
appreciated by those skilled in the art that it is intended to

cover alternatives, modifications, and equivalents as may be
included within the spirit and scope of the invention as defined
by the appended claims and their equivalents as supported by the
following disclosure and drawings.

Semiconductor devices are generally manufactured using
two complex manufacturing processes: front—-end manufacturing and
back-end manufacturing. Front-end manufacturing involves the
formation of a plurality of die on the surface of a
semiconductor wafer. Each die on the wafer contains active and
passive electrical components, which are electrically connected
to form functional electrical circuits. Active electrical
components, such as transistors, have the ability to control the
flow of electrical current. Passive electrical components, such
as capacitors, inductors, resistors, and transformers, create a
relationship between voltage and current necessary to perform
electrical circuit functions.

Passive and active components are formed over the
surface of the semiconductor wafer by a series of process steps
including doping, deposition, photolithography, etching, and
planarization. Doping introduces impurities into the
semiconductor material by techniques such as ion implantation or
thermal diffusion. The doping process modifies the electrical
conductivity of semiconductor material in active devices,
transforming the semiconductor material into a permanent
insulator, permanent conductor, or changing the semiconductor
material conductivity in response to an electric field.
Transistors contain regions of varying types and degrees of
doping arranged as necessary to enable the transistor to promote
or restrict the flow of electrical current upon the application

of an electric field.



Detailed Description of the Drawings The present invention is described in one or more
embodiments in the following description with reference to the Figures, in which like numerals represent
the same or similar elements. While the invention is described in terms of the best mode for achieving the
invention's objectives, it will be appreciated by those skilled in the art that it is intended to cover
alternatives, modifications, and equivalents as may be included within the spirit and scope of the invention

as defined by the appehted Caiffs amtf iy uiraiBriE s suphottet By e BiowmydisciGure and

drawingsmater i a Semicenductarrdavicas are-ganerally mapyfacturedsingrivo complex manufacturing
processes: front-end manufacturing and back-end manufacturing. Front-end manufacturing involves the

formatior5f & PlUFAfity '3Y die SR HE5rf&de 6FF SEMmicomiutisrWwHieH Each dis dh'thewarer contains
active andapassive elaetricgieomponentswhithisse elecirkeally iconnecteddo fesm fignctionahelectrical
circuits. Scti]\sle electrical components, such as tr nsistorsjl; have the ibility to contro{jéhe |jlow of electrical
current. Pasdiv e ERRfical dmParentay SuciFas 8aPaditors, iRBG&tors ?8Sistors Tand-trarnsformers, create
a relationshipshetweenaroitageandsclrient neeEssgry ¢a petform elactrigdlcircuif furations.

Passive arldeg%tirvelc%rgpoqgr%ts are fq:rmceedSO\éer thegg(r}fch é)f (tehe s%micorngg@ wafer by a series of
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introducesampgerritiesl irto the semiconductos médtesiakby techoigueasssuch asdian smptantation or thermal

difusion. The doping progess.modifes ths eledical conductyi of semisqnductormaterial in active
devices, tran formlng the 'semiconductor material into a permanent insulator, permanent conductor, or

cha_nging the s_emicondtk&orlmfamﬂal C@ndmivﬂymﬁesrpﬂmg?e@laﬂ alecttio Iiétd}d’cyalaﬁbmrs contain
regions of yapying fypes.and %%%fesagé999'98@5%%99%%n%%%éﬁweﬁ%%bé&m%ir?na'.sgor lo promote

or restrict the flow of electrical current upon the application of an electric field.
photoresist, over the layer to be patterned. A pattern is

transferred from a photomask to the photoresist using light.

The portion of the photoresist pattern subjected to light is
removed using a solvent, exposing portions of the underlying
layer to be patterned. The remainder of the photoresist is
removed, leaving behind a patterned layer. Alternatively, some
types of materials are patterned by directly depositing the
material into the areas or voids formed by a previous
deposition/etch process using techniques such as electroless and
electrolytic plating.

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

combined mechanical action of the abrasive and corrosive action



Active and passive components are formed by layers of materials with different electrical properties. The
layers can be formed by a variety of deposition techniques determined in part by the type of material
being deposited. For example, thin film deposition may involve chemical vapor deposition (CVD), physical
vapor deposition (PVD), electrolytic plating, and electroless plating processes. Each layer is generally
patterned to form portions of active components, passive components, or electrical connections between
components.tle  ChefeRYers 8BS pattérnedGSiHg PhotohtHUGTaphyY, WG ivohies the deposition
of light sensitivermaterial 8.9 s photaresist, 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 solveRt ExpBRMg OGRS SHhethderilrgtlayer fo e pAfferied. The remainder of the
photoresist isgfiemavedsy leavingrbehipd @dpaitereed layes. Alkernatively,isbrae types efimateafials are
patterned by directly depositi getrslfe material into the areas or voids f rmed,t%y a é)revtio s deposition/etch
process &SIG tEEHRUe esdjgh Slecitoleds Antele rOIVRE platiRg. &V °BEK8sifing a thin film of
material averlartexisting patterhrean exaggehateche undedying fattetrs and ereateannomunikermly flat
surface. A uniforml §1ﬂ_|a5ﬁ surface is required to produce smaller and more enselygggke%active and

. alon n un eglon a r. (S Saw e S OFT,
passive comp&wen anarization can be used o remove material from the surface of the wafer and

produce aauniformly flatlserfaeg.cRlanarizationiheolves polisking the sarfaceiof theowatkey wath a polishing
rad A SUosh A AR AT af o ol e s e v g glening
to a package substrate that includes pins or contact pads for
interconnection with other system components. Contact pads
formed over the semiconductor die are then connected to contact
pads within the package. The electrical connections can be made
with solder bumps, stud bumps, conductive paste, or wirebonds.
An encapsulant or other molding material is deposited over the
package to provide physical support and electrical isolation.
The finished package is then inserted into an electrical system
and the functionality of the semiconductor device is made
available to the other system components.

FIG. 1 illustrates electronic device 10 having a chip
carrier substrate or printed circuit board (PCB) 12 with a
plurality of semiconductor packages mounted on its surface.
Electronic device 10 may have one type of semiconductor package,
or multiple types of semiconductor packages, depending on the
application. The different types of semiconductor packages are
shown in FIG. 1 for purposes of illustration.

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

10 may be a graphics card, network interface card, or other



of the chemical removes any irregular topography, resulting in a uniformly flat surface. Back-end
manufacturing refers to cutting or singulating the finished wafer into the individual die and then packaging
the die for structural support and environmental isolation. To singulate the die, the wafer is scored and
broken along non-functional regions of the wafer called saw streets or scribes. The wafer is singulated
using a laser cutting device or saw blade. After singulation, the individual die are mounted to a package

substrate’that it dtes RS oF oAt padSfor FRBréSnnEREER With othérsystémBitdments. Contact

pads formed overthessemicendugiardierrethan canneetedto eontach pads within thenackage. The
electrical connections can be made with solder bumps, stud bumps, conductive paste, or wirebonds. An

encapsul@RPAr Gther RTbIGRG TMateRal it deposited over fhe Tatkage t6 provid€ ph§sical support and
electricaldselatian. shhesfirished packageris them insertediinto, ani electricad sysienrangd the-functionality of
the semicor}éductor device is made available to the other system components. FIG. 1 illustrates

electroni€ t8%ite 1G v gcc%?pr cgﬁ’i%r SUbst aetgtol?b?ﬁ e CFRAHEEM (PCB) 12 with a plurality of

semiconductor packages maunted pnatSEsUrfacer &lecironicdevice 10 Imay have ane type of

semicondyctor package, or multiple types.of semiconductor packages, de ing on the application. The
different a8 B SoRtconETr pahAged 57 SRSWN in EIG E For frbosas of fiustration.
Electronie elevicerkuaay heca stangealome sy stedn that Uises Bl semitondiuctor packages:fo perform an

electrical fyngtion. Aftenatively, elestionic devies, 10 fay be a subcomAanent of aaigeg sysfem. For
example, electronic device 10 may be a graphics card, network interface card, or other signal processing

card thatwwanrise wserted #itd @cormpeter 1 THey sémiqohdtictoy packagd can arciudel aicroprocessors,
memories, apRlication spegific integrated ciryits (ASICS), logic,giredits, analag circyits, RF circuits,
discrete devices, or other semiconductor die or electrical components.

process. Signal traces 14 provide for electrical communication

between each of the semiconductor packages, mounted components,

and other external system components. Traces 14 also provide

power and ground connections to each of the semiconductor

packages.

In some embodiments, a semiconductor device has two
packaging levels. First level packaging is a technique for
mechanically and electrically attaching the semiconductor die to
a carrier. Second level packaging involves mechanically and
electrically attaching the carrier to the PCB. 1In other
embodiments, a semiconductor device may only have the first
level packaging where the die is mechanically and electrically
mounted directly to the PCB.

For the purpose of illustration, several types of
first level packaging, including wire bond package 16 and flip
chip 18, are shown on PCB 12. Additionally, several types of
second level packaging, including ball grid array (BGA) 20, bump
chip carrier (BCC) 22, dual in-line package (DIP) 24, land grid
array (LGA) 26, multi-chip module (MCM) 28, quad flat non-leaded

package (QFN) 30, and quad flat package 32, are shown mounted on

-10-



In FIG. 1, PCB 12 provides a general substrate for structural support and electrical interconnect of the
semiconductor packages mounted on the PCB. Conductive signal traces 14 are formed over a surface or
within layers of PCB 12 using evaporation, electrolytic plating, electroless plating, screen printing, PVD, or
other suitable metal deposition process. Signal traces 14 provide for electrical communication between
each of the semiconductor packages, mounted components, and other external system components.

Traces 1% @0 providépEwerant grothd-connetiiong'td §ach- 6F e Semicahdudtorpacikges” In

some emppdiBentsoa senteanductardpvice has twepackaging levels; Rixshievehpackaghig is a
technique for mechanically and electrically attaching the semiconductor die to a carrier. Second level

packaging ifdiveS thethanitdily GHE el&RFEAR dttching thie catfier Hthe PCB HBther embodiments,
a semicosductor device dnay onlyhave tbefirsidevel paskagingivhererhe zlie istneehanrically and
electricall moitinted directlg to the PCB. , Folr ihe gu&p?dze of illustration, sevteralkat%/ es of first level
packagin%/fn}%% UdiiTg Wire Bond packAge 16 3nd flip chig 18 B ghdit oi 45 AGhitidnally, several
types of seeohddevel packagingk ingtuding bakk grid lasiay«Bi6oAl)i 2@; e ehip dastiem{(BEG )22, dual
in-line package (DIP) 24, land grid array (LGA) 26, multi-chip module (MCM) 28, quad flat non-leaded
package {OPR G0 B4 AT baeae 37 aie SO ABUREH o BRBA 2 e Gbn the
system reguikengerts carsy combinatida of serticeriductorgrackages,reordigused with @anycoatlsnation of

first and second Igvelcp%:kgealenlgtstyles as well as other elggtronlgscom pnents, can be connected to PCB

-1 ., CO S7.INto. e é% onic C a SYysS .
12. In sofme emﬁoglmentg, ectronic device 10 includes a S|Xglle attached semiconductor package, while

other emB@@timmﬁ_s chk fmam@l@ptedintém@mm@@@a_eka;geslmecmwh&@tdr@@emore _semiconducf[or
packages: gyer. single sybstrate, manyfacturers can incorparate pre-page, companents,into electronic

devices and systems. BeCause the semiconductor packages include sophisticated functionality, electronic
devices carelse rranufarerenising theapartcompdnerts! and audtredmiinetmanafaestdring pioeess. The

resulting devices are legs.ikelystofail apd less expansive to-manutacture sesulting in, OWgr costs for
ConsumeSZDufacture resulting in lower costs for consumers.

FIG. 2a illustrates further detail of DIP 24 mounted
on PCB 12. DIP 24 includes semiconductor die 34 having contact
pads 36. Semiconductor die 34 includes an active region
containing analog or digital circuits implemented as active
devices, passive devices, conductive layers, and dielectric
layers formed within semiconductor die 34 and are electrically
interconnected according to the electrical design of the die.
For example, the circuit may include one or more transistors,
diodes, inductors, capacitors, resistors, and other circuit
elements formed within the active region of die 34. Contact
pads 36 are made with a conductive material, such as aluminum
(Al), copper (Cu), tin (Sn), nickel (Ni), gold (Au), or silver
(Ag), and are electrically connected to the circuit elements
formed within die 34. Contact pads 36 are formed by PVD, CVD,
electrolytic plating, or electroless plating process. During
assembly of DIP 24, semiconductor die 34 is mounted to a carrier

38 using a gold-silicon eutectic layer or adhesive material such
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FIG. 2a illustrates further detail of DIP 24 mounted on PCB 12. DIP 24 includes semiconductor die 34
having contact pads 36. Semiconductor die 34 includes an active region containing analog or digital
circuits implemented as active devices, passive devices, conductive layers, and dielectric layers formed
within semiconductor die 34 and are electrically interconnected according to the electrical design of the
die. For example, the circuit may include one or more transistors, diodes, inductors, capacitors, resistors,
and othefEirdditeBment®f5ihed WitinRRE Sefife RRfigh oPEit"SIE Tottadtpats?36- §fe made with a
conductivesmateyial csughcas-alimigudHAdy, gappehéeul tindSnimmiekel (Nhngald(dw)1er=silver (Ag),
and are electrically connected to the circuit elements formed within die 34. Contact pads 36 are formed by
PVD, CVD' efdctroftit BiatnTy or 2IEARIeSE plafing procEssSDERAYG BisSémbhyFof BiB"%4. semiconductor
die 34 is prauntech to a cagier B&using argeld-silicen ewecticdayercorsadhesive matertal sl 1as thermal

epoxy. The package body Includes_an insulative packaging material such as polymer or ceramic.
ConeuictGAESS 15 3re CORREEER 18 anres SanT BITo BheAi e ol DhRRGer fads 40 and

contact pads 36cofndie 84 lasoa first devied packaging vencapsylant 44ts cepasiteg averitheqackage for
environmgn(tj%ll pra ec;[_jcirr]1 by t%eeventirégamgisgunré a(pdrl articles fr.orrln eg&eeri 4the Cpacjég%g ang ds
contaminaﬁng dié 34, contact pao%af ot wire bords 5B 541 cShnected to BC b§ inserting
leads 40 #ftp hotesformeddhroughRCBIR Soldersmateniab46 ¢siflowed @rouridd leads 40 and into the
holes to physically and.electrically connect DIP 24.to PC . Solder rial 46 can-be any metal or
electricalﬁ/%oen%%ﬂ\?e %eaaféﬁal,%ggl.,%r?, (I:Séjtjj' ?ﬁbf%ur?%gg,%ur,%n% (Zn ,E%)igr%mthir%?el f), and alloys
thereof, withit am optioral flux materiadl Forexampleahe stldernmaterinbcdribe levtectictSn/Pb, high-lead,
or lead-figg, - ; .51 /G 28 Istrates further detail of BCG .22 mpuntedson PCB 12, Semiconductor die
47 is connected to a Carrier by wire bond style first level packaging. BCC 22 is mounted to PCB 12 with a
BCC stylazeesnd leved paekadheg.cSemitohdlctor diel47 having lcontas pdds 48vis mounted over a
carrier using ap underfill o epaxy-resin.adhasive material 50. Sgmicgnducierdie 47 Includes an active

region containing analog or digitaf(:lrcuns Implemented as active devices, passive devices, conductive

layers, ard 8iefédtié fdyers formedAWithia seRtiCordiriciodie 477aRd arfe SleEtHeRRM Inteicdnnected

according, tg the; electrical.design of the diey, Eorexamplenthecitcuit may Include opeof more transistors,
diodes, Inductors, capacitors, resistors, and other circuit elements formed within the active region of die

47. Contadt/pdldls 48 8fehade withra 6adudiiveSmaterial, such as Al, Cu, Sn, Ni, Au, or Ag, and are

electrically connected torthe cinguit elementsderned within-dieA7, Conjactgads48 ara.formgd by PVD,
CVD, electrolytic plating, or electroless plating process. Wire bonds 54 and bond pads 56 and 58

electricalRfcdrirect éontacEPFCAE oF 58michauttor tie 4719 CoRE-t pAdS 53VFBEE 22%orming the
first levelpackaginga Molding compoundarencapsulagt 69 is depesiteg aversentieerductordie 47, wire
bonds 54, contact pads 48, and contact pads 52 to provide physical support and electrical isolation for the

device. C?o%téf@t%?ad@ 64-GreTormEd BveP S UHALE of PEE 19 Usthy evaporafid Eid&olfticplating,
electrolessiplating nscreemn papting,RMD 40r athensuitalle metal-depesition ptocess andaate typically

plated to L;J:)r%ven% oﬁdation. Contact gads 64 electrically cotnnef%o %rae or more conguctive signal traces
14. Solder material is d)erpo%ﬁgé Yetwéen' contact 6&7(?5 B2 of BCC 22 and co%?alﬁop%d%%f 6f PCB 12. The
solder matesiakis réflowed ¢ farm bumps S6rwhichdonwatméehanicalrantdoejectricdlicannettion between
BCC 22 andrPlCJIl %2.. ol meIrr11t|:el : Zg, secrpiicogdggt‘(]){ die 18 is répougted fa&ecde()gvn to carrier 76 with a
flip chip s?fﬂe%rst 8vel ﬁoaciaglng. GR 26 < attachied to PCB T4Wwith & BGA style decond level
packagingoAdtive fiegion ZQ €ontaining ahadogeortdigitallcirceits Implemented @siactive devices, passive
devices, ganductiy Javers. and diplectiig layers loymed,within sgmigenduclor die Afjs electrically
Interconnected accor ing to the electrica design o the die. For examp?e, the circuit may include one or
more trarsistors] dictes, indueters ecapaicitets, desistors, cEnd-othed tikcuit Elemertsfarhted witkin active
region 70.qf,semicopducter, die 18, Semicopdyefor die 18 is;electrically,and mechanigally attached to
carrier 76 through a large number of individual conductive solder bumps or balls 78.

capacitors, resistors, and other circuit elements formed within

the active region of die 47. Contact pads 48 are made with a

conductive material, such as Al, Cu, Sn, Ni, Au, or Ag, and are
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Solder bumps 78 are formed over bump pads or interconnect sites 80, which are disposed on active
region 70. Bump pads 80 are made with a conductive material, such as Al, Cu, Sn, Ni, Au, or Ag, and are
electrically connected to the circuit elements formed in active region 70. Bump pads 80 are formed by
PVD, CVD, electrolytic plating, or electroless plating process. Solder bumps 78 are electrically and
mechanically connected to contact pads or interconnect sites 82 on carrier 76 by a solder reflow process.

BGA 20 i$ €fécificalf dnd Medhaficafly Aftadhied (o' PEB2 By &1&fye ndrmb8IFGF itdivitiial 2dfductive

solder bumps ocbalis86. Ttheisolder bumps aredermed ovear, bump pads o« #iencppnect sites 84. The
bump pads 84 are electrically connected to_interconnect sites 82 through conductive lines 90 routed

through darA&r 76 'CSHtal pads 88 &re foried Slert Qirfitd of PEBAWIAG evapbration *8ctrolytic

plating, eleciroless plating,sscseestprinting, RVRcemetber suitahie metabdeposition process and are

typically plated to prevent ox'datioép7 Contact pads 88 electrically connect to ope or more conductive

cignal trace 190 THE Softfer bt 86 &r Boeically 4nd mechanially donnectathtoceaiiet pads or

bonding padss88 banRCBd2s g sotder refiaw processmMaldicg compotundsarlencapsolant92 is

deposited over semiconductor die. 18 and carrierd7.6€to4p7rovide ehybsicr%sugaort ang1 elec;éric%lésolation for
t

the device. The Jfllpec iB‘é%?niggﬁn&ucc?& dlecvtlgé: prolvldes 4 short electrical condugt?ontﬁac from the active

devices ofBsemivonductoadie b8 ¢@corductioprtrackseorREBiT2in erdepto tedure signal propagation
distance, Ig\évg£capaqtagg81and improve qe/ﬁaéall C|rciuclteoerfc&rjnat2%g In araoth r embodlfgernt the

atl é‘lr&%ysto %ﬁnﬁ usmgmﬁnct?chip style

. . 1'C O qev
semiconductor die 18 can be mec anlca‘TIy and electrically attach
first levelpaekagingwiftroug cafrietCip. 12 us1mGsvaadydiustrate @alprotesd pkforming a three

dimensiopal (3, ), vetically priented integrated capacitar n  sepicgpduciop pagkage, i FIG. 3a, a
temporary substrate or carrier 100 contains dummy or sacrificial base material such as silicon, polymer,
polymer eorhpesites methik tef@nies gfassnglass epdgy AvetyHium éxite corldtierdaitatsie fow-cost, rigid

material or.hulk semiconductor materigl for strustiral SUPROTL. .« . ; - f15eed layer 102 js applied to

carrier 100 with heat or light releasable temporary bonding film. Seed layer 102 can be Cu or other metal
thin film With et etcHiglseleetiatys Seed layerazsis depositéd dsinglafmiatioh, PVYD, CVD,

electrochgmical depgsitiop,, segd Jayar 102 ¢anihe atemporaty bondingfilm,argtch-stap layex.
of PCB 12. The solder material is reflowed to form bumps 66
which form a mechanical and electrical connection between BCC 22
and PCB 12.

In FIG. 2c¢, semiconductor die 18 is mounted face down
to carrier 76 with a flip chip style first level packaging. BGA
20 is attached to PCB 12 with a BGA style second level
packaging. Active region 70 containing analog or digital
circuits implemented as active devices, passive devices,
conductive layers, and dielectric layers formed within
semiconductor die 18 is electrically interconnected according to
the electrical design of the die. For example, the circuit may
include one or more transistors, diodes, inductors, capacitors,
resistors, and other circuit elements formed within active
region 70 of semiconductor die 18. Semiconductor die 18 is
electrically and mechanically attached to carrier 76 through a

large number of individual conductive solder bumps or balls 78.
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A plurality of conductive pillars or posts 104a-104e is formed over seed layer 102. To form conductive
pillars 104, a photoresist layer is deposited over seed layer 102. A portion of photoresist layer is exposed
and removed by an etching development process. Conductive pillars 104a-104e are formed in the
removed portion of photoresist using an electrolytic plating, electroless plating, or selective plating
process. Conductive pillars 104 can be Cu, Al, tungsten (W), Au, solder, or other suitable electrically
conductiverfateridt  EBRdUdivRilldrs TBAh e hBighe rdiftfirtg fomt26-208hiefsthetets ¢9m). In one
embodimeny, pitlars il 04-areb0s 1R s rheighti Fhephoteresist is stipped gway lgaviag dehind
individual conductive pillars 104a-104e. Optionally, another barrier thin film layer can be deposited on
pillars 10%39€ "1t h B 315 3 Yorticn B EGRdictive Piffdrs 19481 104¢"s réfovBd by dH efthing
process, ggndmgdreeess: o biade-eutting oo grisdingd Condusiive-pitaisik04ar 0de are reduced in

vertical profile by typically 20-50 pm after the etching process gr grinding process. The vertical profile of
conducti\feoﬁilﬁgé fﬁhoa-%/é&é’ FerhaifsUhchanged ", erﬁga?elgoth%rﬁffgr(gﬁm ight betiden 104a-104c
and 104d:104e car bercartied ouphy stepsljithography @ndailating platessg procekskIG. 3c, a dielectric

layer 106_is conformally applied over conductive pjllars 104a-104e and seed layer 102. The conformal
diotoctic B0t I e B0 ok I N st Bor B e CLABn ol TG MO (AIZ03)

polyimide; denzotycglabitene (BCBY rpolybenzoxazokes (PBMnorether ematéfialhaving eledtrical

insulatingfg&opertiesr.OTChéeSdSielectric layer 106 is patterned or blanket deposited using PVD, CVD, printing,

spray coating, %Binpcoatlng, sSintering, thermal oxidation, or lamination. The dielectric layer 106 can be
single or multiple layer8GA 20 iAnelectticallyacohdustive tayeh 408 s patrermet aridecbriformally

depositeq oy dielsotic Ipyer; 106 Gomluctye Jayer MR o formedsing. VR, GYD, elsgigolyic piating,

electroless plating process, or other suitable metal deposition process. Conductive layer 108 can be one
or more layerseof I, €a,- SnTRE ALR s or othar suitablefelemgidaly esnductive paaterial Note that the

vertical profile of canductive pillars 494a-104c with conformakdielectric.layer 196, and conductive layer

108 remains less than the vertical profile of conductive pillars 104d-104e with conformal dielectric layer
106 and €odREivedayet 108t e CONNHTFIG 3¢ SeticShdritordieridiis motntéd 6 eofductive layer

108 betwegp.condugtive pillars 194d-and 3 04e -Semicondygtor digs 110 includeg.analog or digital circuits
implemented as active and passive devices, conductive layers, and dielectric layers formed over its active
surface afigr face of PCB 12 using evaporation, electrolytic plating,

electroless plating, screen printing, PVD, or other suitable

metal deposition process and are typically plated to prevent

oxidation. Contact pads 88 electrically connect to one or more

conductive signal traces 14. The solder bumps 86 are

electrically and mechanically connected to contact pads or

bonding pads 88 on PCB 12 by a solder reflow process. Molding

compound or encapsulant 92 is deposited over semiconductor die

18 and carrier 76 to provide physical support and electrical

isolation for the device. The flip chip semiconductor device

provides a short electrical conduction path from the active

devices on semiconductor die 18 to conduction tracks on PCB 12

in order to reduce signal propagation distance, lower

capacitance, and improve overall circuit performance. 1In

another embodiment, the semiconductor die 18 can be mechanically

and electrically attached directly to PCB 12 using flip chip
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electrically interconnected according to the electrical design of the die. For example, the circuit may
include one or more transistors, diodes, and other circuit elements formed within the active surface to
implement baseband digital circuits, such as digital signal processor (DSP), memory, or other signal
processing circuit. The semiconductor die may also contain IPD, such as inductors, capacitors, and

resistor, for RF signal processing. In another embodiment, a passive component can be mounted to

conductivi-iay8r 168 Petwésit Lomductive Pifary 16RaUb4eaTrier EfG. 3e shows an encapsulant or

molding compound 114 deposited-gverisenisenduciordierbl-and sendugtiverlayer 108-using a paste
printing, compressive molding, transfer molding, liquid encapsulant molding, vacuum lamination, or other
suitable éﬂpldi\%aﬁr?éﬁ&ap%ﬁ%ﬁt MA B p8lyriereonTosite T Hatetiaf SucAREePoXy rélintwith filler,
epoxy acgdateqwithifidero or palymesanith proper fillers Encapsidapioltd-is nameenrductiveand
environmentally pro ecés the semiconductor device from I%xternilﬁéements and contaminants. In
FIG. 3f, acﬁgcﬁ%?pﬁ]d' 10 procBss i TsstP B enioves pbrtioh ofencapaliafit 1 T4, ‘Gondtictive er 108,
and dielestricilayer, 106 ioyexpgseca Ioprsideafrcondtctive pitarsl],04ckbanch104e.dhaaddjtion, temporary
carrier 100liés rglegsgd fror% ggeq iayen[1 1((3)2.@/ applicati n é)i heat. %ral'%glhet. Aléergag\éecly, g:arrier 100 can be
removed%y c%emlgaf{é/t(:hmg, echgnicaf{ﬁe&-’ofﬁ 'CMP, mechanica grln&‘lng, thermal baﬂ%l,?aser
scanningnplasmiaaétchinghot btherrbudométerial thimpingrpreteser strudn G 13gusesdtayer 102,
dielectric layer 106, ang (_:Sondéfcti'\ée Ia}yeﬁ 98 are seleftli\é%{y tremoved Pgranleotﬁhi‘pg r(()jg%% to expose

contact pads 112 of semlcgﬁ uctory(%e 11 anlcfa%%?tom-adeoofcc%ﬁauctlve pillars 104d and 104e.

Conductive pilI'ag@104@-&@4@_&‘@&@&&&@@lrtﬁ:at/(i@d)im@dttnm) ﬁ#émonnéct%Céx_l@mﬁmg }om one side of
encapsulgpt 114 1o .an opposite side of,the encapsylant, A partign of egnductive layer;108 over

conductive pillars 104a-104c and a portion of seed layer 102 under conductive pillars 104a-104c remains
in place. Seed layer 102 is deposited using lamination, PVD, CVD,

electrochemical deposition. Seed layer 102 can be a temporary
bonding film or etch-stop layer.

A plurality of conductive pillars or posts 104a-104e
is formed over seed layer 102. To form conductive pillars 104,
a photoresist layer is deposited over seed layer 102. A portion
of photoresist layer is exposed and removed by an etching
development process. Conductive pillars 104a-104e are formed in
the removed portion of photoresist using an electrolytic
plating, electroless plating, or selective plating process.
Conductive pillars 104 can be Cu, Al, tungsten (W), Au, solder,
or other suitable electrically conductive material. Conductive
pillars 104 have a height ranging from 20-200 micrometers (um).
In one embodiment, pillars 104 are 50-100 um in height. The
photoresist is stripped away leaving behind individual
conductive pillars 104a-104e. Optionally, another barrier thin
film layer can be deposited on pillars 104.

In FIG. 3b, a portion of conductive pillars 104a-104c
is removed by an etching process, grinding process, or blade

cutting or grinding. Conductive pillars 104a-104c are reduced
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FIG. 4 shows further detail of area 115 from FIG. 3g. Conductive pillars 104a-104c operates as a first
metal electrode of metal-insulator-metal (MIM) vertically oriented integrated capacitors 116. Conductive
layer 108 is the second metal electrode of MIM capacitor 116. Dielectric layer 106 is the intermediate
insulator between the first and second metal electrodes. Conductive layer 108 extends beyond dielectric
layer 106 and seed layer 102 for ready interconnect without electrically shorting to conductive pillars

104a-104¢2 MIRF Edpacitor 126 i< BoRdtricted fiftthtde ditieNsiRs ¢5Bjx-42and z<iféttions. The plane
parallel to the-tirst apd sgeond capagitos @lecrodests perendiculartodhe planerwhichds parallel to the

active surface of semiconductor die 110. MIM capacitor 116 extends vertically into encapsulant 114 to
save die Brea aRd prdVide §fetter CAEIANEE JRAGES MIM CapEGiTHt 1165Cah hdv&a large value, e.g. >1
nanofarad ;i fof desaupling: puirposes,waithout thae typical large footyprint @ssociatedwith atigh svalue planar

capacitor. In FIG. 5, an interconnect structure 117 is formed over encapsulant 114. The
¥ hidties an A

interconneet strcttire 1 SN htES add paddive BEGZETPD). An electrically conductive layer

118 is formed over encapsplant 114, canductive dayer A 08a and altopside of @onductiviel pillar 104d using a

deposition and pajterning process. Gonductiye laver 148 Is formed using EVP. GVD, eleglolytic plating,
electroles$Blaf‘|ng process, or other suitable meta]sdeposmon process. Conduc |v%ﬁayer 18 can be one
or more |&yersaiAl oCupSndhg i tAg] or bherrsuitiblecelectrieallyl Cenduttivs materialN The first

interconnect trycture 11 is electri ?”)é nnect§d to conductive pill $ -104e and MIN capacitor
Te e B0 I Soeod 3 et Gu el L aaiiint Y4 Gl BVD or CVD.
Resistivedayer2@isdtantaus silizide (TaSy)erotheemeta silicides) TaN; nickeechromium (NiCr), TiN,

or doped poly:siicn haying.p (epistvly Detwes S ANAIN0 NS¢ o5 ADSUlating or passivation

layer 122 Is formed over encapsulant 114, conductive layer 118, and resistive layer 120. The passivation
layer 12270¢#nlbe B0 SI3N&rSION, Ta205 Wi2a3 st otiiervhateriil hdeipgsuitablesinguidating and

structurabpfoperigs, The passiyation layer 122.]s pﬁ%t?rr,@gﬁ @ee@r{&)ﬁ?%%@é‘?ww’ CVD,
er

printing, spin coating, Sintering, thermal oxidation, or lamination. The passivation layer 122 can be single

or multipleay&idL Aportisr bPpassivatiotiayeri22is reRievetiist &f etching pistess 16 expdse
conductiyelayer, 118 apd rgsistive,layer 12Q., < .

An electrically conductive layer 108 is patterned and
conformally deposited over dielectric layer 106. Conductive
layer 108 is formed using PVD, CVD, electrolytic plating,
electroless plating process, or other suitable metal deposition
process. Conductive layer 108 can be one or more layers of Al,
Cu, Sn, Ni, Au, Ag, or other suitable electrically conductive
material. Note that the vertical profile of conductive pillars
104a-104c with conformal dielectric layer 106 and conductive
layer 108 remains less than the vertical profile of conductive
pillars 104d-104e with conformal dielectric layer 106 and
conductive layer 108.

In FIG. 3d, semiconductor die 110 is mounted to
conductive layer 108 between conductive pillars 104d and 104e.
Semiconductor die 110 includes analog or digital circuits
implemented as active and passive devices, conductive layers,

and dielectric layers formed over its active surface and
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An electrically conductive layer 124 is formed over passivation layer 122 and conductive layer 118 using a
patterning and deposition process. Conductive layer 124 includes individual portions or sections
124a-124g. Conductive layer 124 is formed using PVD, CVD, electrolytic plating, electroless plating
process, or other suitable metal deposition process. Conductive layer 124 can be one or more layers of
Al, Cu, Sn, Ni, Au, Ag, or other suitable electrically conductive material. The individual portions of

conductive BSEF 1594 LAl b dI8ETRaMFESRH GraleciBallyisblted HBFERdIRG brithe dE3ign and
function efttheisemicenducterrdie xARinsulatingor-passivationdayemi2iisforned evempassivation layer
122 and conductive layer 124. The passivation layer 126 can be Si02, Si3N4, SION, Ta205, Al203, or
other material iading<UitaBiedisfiatAg Gnd Sttkuirar sropertesS THE Hass VAl 14)er 128 is patterned
or blanket Wlepesited usisg ME2CYD, priplirghspin baating sintaring, dhermakexidation, entamination.
The passivatign Ia)éer 126, can be single or multiple layers. A portion of pashsivation layer 126 is removed
by an etching process t&' &gpsse EStUCtive Tayer 124, MMOT Eondhictve e 19451246 constitute
one or mpreclRB3s 114, inthiswcase arrindueton i tae donrductive 1ayersk? 4ot E2Ae-arettypicallyp iyound or
coiled in Il?nﬁvigw to I%’l%dl,l%ce or exhibit th.ecg)%sired iﬁgggtévseigrtogertief%)c uctive Iai/er 124f and 1249

. C S CLOr C Cl S, a S1 a .
electrically connect {0 resis |ve7éyeraﬁ?) as another : The TPDs ormeogBy conductive layer

124b-124e-anc: sesistive layer 220 providesthieoelécteical, clraractesisties neagethfon highafregpaency

applicatiqng, such as fesanalars. high-passfiterslowshass fiters, band-pass filars. symmelrie Hi-Q
resonant transformers, matching networf?g, and tuning capacitors. The IPDs can be Used as front-end
wireless RF4somponents, which can be positioned between the antenna and transceiver. The IPD

inductor can be a hi-Q balun, fransformer, or ¢gil..9 g@iglgypolp 190 Gigahertz, In some-applications,

multiple baluns are formed on a same substrate, allowing multi-band operation. For example, two or more
baluns areisediihstiqead-bandtécpobile ppones or otHer Yiobat spstert for alile(G SN

communigations, £ashhalun dedicated for fiaauency band of spsration.fbe auagiband evice. A

typical RF system requires multiple IPDs and other high frequency circuits in one or more semiconductor

packages igipéformd fRedessanfeledtrital fuftfiths TRRighTiedueney erddifical Yevice’ tenerate or

are applicator. Encapsulant 114 can be polymer composite material,
such as epoxy resin with filler, epoxy acrylate with filler, or
polymer with proper filler. Encapsulant 114 is non-conductive
and environmentally protects the semiconductor device from
external elements and contaminants.

In FIG. 3f, a backgrinding process is used to remove a
portion of encapsulant 114, conductive layer 108, and dielectric
layer 106 to expose a top-side of conductive pillars 104d and
104e. 1In addition, temporary carrier 100 is released from seed
layer 102 by application of heat or light. Alternatively,
carrier 100 can be removed by chemical etching, mechanical peel-
off, CMP, mechanical grinding, thermal bake, laser scanning,
plasma etching, or other bulk material thinning process.

In FIG. 3g, seed layer 102, dielectric layer 106, and
conductive layer 108 are selectively removed by an etching
process to expose contact pads 112 of semiconductor die 110 and

a bottom-side of conductive pillars 104d and 104e. Conductive
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susceptible to undesired electromagnetic interference (EMI) and radio frequency interference (RFI), or
other inter-device interference, such as capacitive, inductive, or conductive coupling, also known as
cross-talk. The inductor 124b-124e are vertically separated by encapsulant 114 and offset from
semiconductor die 110 to reduce EMI, RFI, and other inter-device interference. An interconnect
structure 127 is formed over encapsulant 114. The interconnect structure 127 electrically connects to

conductive'piflarsS1 04t 204€, ‘SenicBARGUEdr dieVEED; SndMIM capacitdr 128 The interconnect structure

127 includgs anelectdeally eanductive dayer dk8Jaemed gyverencapsutant 1d4: conduativedayer 108, and
the bottom-side of conductiveépillars 104d-104e using a patterning and deposition process. Conductive

layer 12878 MES uSthgPVD, EVD, @Rt Mating, LI Ji&SY plafing ProeEss BF othieY Shitable
metal depaositiens procesadGonduetiveilayerrk28 can be ®ne erraote layersiofiAloEus SadNi, Au, Ag, or
other sui?ble ele ié:all)ééonductiv material. | An @Eu%i%or assivation Iayer{ 130 is formed
over encapsiiant 114, $8ed Tayet 102 hhd Tohdlcivelayer 128. it bpggéal\}éﬁc’onllgyg 130 ¢an be 5i02,
Si3N4, SiON, Ta205, Al203, ar athewmaterial havingesuitablecifisalating ahel struetural propedties. The
passivatign layer 130 is a&t rned qrogllgr_lli%tfeposited using PVQ’ (f‘,.\/Dséor;Qti spieggggn%,esintering,

thermal oxida f(l)cn,t or fanination. “The passiva %nﬂg)?é:raffoscgr? be smlgﬁe or mu f%e?ayers. A portion of

passivatiott layer 4 BOiis serhaved byaredtchingrosess tocexpogeaconductive layersy108 add 128.

An electricall conductiv&l yer 132 is formed over passivation_layer 130 and cond ct'ive layer 128 using a
patterning aa%%cdletp%rsftion p;%‘r'oce]scib.%éln%('u%:\tfi\e/e ¥ag er 13 Yﬁ|€§tfolr?ne¥(f1 Ssiﬁs %R}B& &V ?electrolytic plating,
electrolesslplating peocess) dMothep saitalsle métal depositior process a@endudtivellayemE32 can be one

or more layers, of £ Gl SO, N, At A0, 9L pher suitablecglectyically,condugtive material. An

insulating or passivation layer 134 is formed over passivation layer 132 and conductive layer 132. The
passivation $B/ef ddd<can b B5i02¢ Si3N4, 1SIDN;, TaX05¢ AlZ0B1 9rlotherfatetial Raving Suitable

insulating and strugtyral. properties, The passjvation layer, 134 is patterned qr blanket deposited using

PVD, CVD, printing, spin coating, sintering, thermal oxidation, or lamination. The passivation layer 134

can be sifgRCGrThaRibleYIa§B e Bip6rtibA of padsivatiorayer 184 3s tétieved By an éféling process to
expose copductiveJayerssl3% constructed in three dimensions (3-D), x— y-

and z-directions. The plane parallel to the first and second
capacitor electrodes is perpendicular to the plane which is
parallel to the active surface of semiconductor die 110. MIM
capacitor 116 extends vertically into encapsulant 114 to save
die area and provide greater capacitance density. MIM capacitor
116 can have a large value, e.g. >1 nanofarad, for decoupling
purposes, without the typical large foot print associated with a
high value planar capacitor.

In FIG. 5, an interconnect structure 117 is formed
over encapsulant 114. The interconnect structure 117 includes
an integrated passive device (IPD). An electrically conductive
layer 118 is formed over encapsulant 114, conductive layer 108,
and a topside of conductive pillar 104d using a deposition and
patterning process. Conductive layer 118 is formed using PVD,
CVD, electrolytic plating, electroless plating process, or other

suitable metal deposition process. Conductive layer 118 can be
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An electrically conductive solder material is deposited over conductive layer 132 using an evaporation,
electrolytic plating, electroless plating, ball drop, or screen printing process. The solder material can be
any metal or electrically conductive material, e.g., Sn, Ni, Au, Ag, Pb, Bi, and alloys thereof, with an
optional flux material. For example, the solder material can be eutectic Sn/Pb, high-lead, or lead-free. The
solder material is reflowed by heating the material above its melting point to form spherical balls or bumps

136. In sOMB &PpliBaticns, S6ffet bamps 136 dre rdflowdtia §8contPimBio fhpFdvedléEfitaFcontact to

conductivel layer132.159ldepbumps 136 represens one type ofintereonnect stwietire that can be formed
over conductive layer 132. The interconnect structure can also use bond wires, 3-D interconnects,

conductivi pESELSd bump, et B df bther BIEGAcAIntercrettctive Ba&l 8 shows an

alternate embpdimeat ehforming 34 yericalty orniented Integrated capacitors in a semiconductor
package. A seed layer 140 is applied to a temporary carrier with heat or light releasable temporary
8 " f k

bonding film, similar to’FIGS 34° 5888 laysf 120 ¢an bE CirdrSthar metdl thinimSity et Etching
selectivitprSegdlayen 140 isidepdsitedruging lamiviation FRED s EVAD; of &jectrachemical deposition. Seed

layer 140 can be temporary bonding film.or etch-stop layer. lurality of conductive, pillars or
osts 1435 T30 T SVeR SoEA Tl 10 A Ty 1 He A ) sttt g 140, A
portion ofplrotoresist (Ayi€iis expased and demeded by ansetthingrdévelaopnient precess. Candyctive
pillars 142a-142d are formed i thehremoved portion of photoresist using an electrolytic plating,
electroles%seﬁlgﬁﬁa, ogr sge?rgcthvgbplgtirﬂng/[S)%cess. Conductive pillars 142 can be Cu, Al, W, Au, solder, or
other suitable electricaliy: conductiveimaterial [Cormuctive pillats 142 havé allseifhtranging/feom 20- 200

pm, typical.valye of 20100 m- Ihepholaresist is sltipped anaydegung behind indiyidhual sgnductive
pillars 142a-142d. A portion of conductive pillars 142d is removed by an etching, grinding, or
blade cutlihg ppecessy siniifdr té F6T 3B 2ConRductive pillar2428iisNéduced i verteal profile by 20-50 pm

after the giching pracese:le yerticabprofile.of capdugtive, ilars;4zer 43¢ sermaigs unchanged.
Alternatively, the different height between 104a-104c and 104d-104e can be carried out by
step-lithogFapty and plaiiigirecesss - The Apgieretiictlager 144 & comérmallyeappliREnsfer conductive

pillars 142a-1342d and seed,layer 140,.similgr 18,651G.36; Ih&rqqmqry%a}l dielegtric layernk#4 can be 5102,
SI3N4, SION, Ta205, Al203, polyimide, BCB, PBO, or other material having insulating properties. The
dielectricayeret44ie patieprath or Branketdépbsitet usiiyPYDL VD, Pritfting? Spraycostifng, spin
coating, sintgsing; opthesmabexidation,ordamination, The diglectsc layerdda-cashbe single or multiple
Layers. passivation layer 122 is removed by an etching process to expose

conductive layer 118 and resistive layer 120.

An electrically conductive layer 124 is formed over

passivation layer 122 and conductive layer 118 using a

patterning and deposition process. Conductive layer 124

includes individual portions or sections 124a-124g. Conductive

layer 124 is formed using PVD, CVD, electrolytic plating,

electroless plating process, or other suitable metal deposition

process. Conductive layer 124 can be one or more layers of Al,

Cu, Sn, Ni, Au, Ag, or other suitable electrically conductive

material. The individual portions of conductive layer 124 can

be electrically common or electrically isolated depending on the

design and function of the semiconductor die.

An insulating or passivation layer 126 is formed over
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An electrically conductive layer 148 is patterned and conformally deposited over dielectric layer 144.
Conductive layer 148 is formed using PVD, CVD, electrolytic plating, electroless plating process, or other
suitable metal deposition process. Conductive layer 148 can be one or more layers of Al, Cu, Sn, Ni, Au,
Ag, or other suitable electrically conductive material. Note that the vertical profile of conductive pillar 142d
with conformal dielectric layer 144 and conductive layer 148 remains less than the vertical profile of

conductivepiflar& T4 142¢ fth confsiithl dRSlEMAE faffer 12¥Sand! éSinductiVe 1RRF A4Bation A
semicondugfer-die A60dsmeunted ¢ cordustive layend48rbeweenconsiuictive pdlers342b and 142c,
similar to FIG. 3d. Semiconductor die 150 includes analog or digital circuits implemented as active and
passive d&/icdst tondactivedayersahd Gieldctie fayers iéthied>ovet s ddive RurlGe ahtelectrically
interconnectedaccording toihe glestricat elesignefihe dies dosexamphe.dbe gipuit maydinclude one or
more transistors, diodes, and other circuit elements formed within the active surface to implement
baseband digital EVCLit Shich BS BB ReniSry  orther-SighalgrocEssing tirkit T semiconductor die
may alsoccontain 1BB, sueh asrriductdrsn capatitors andiresistam fardyle signad pracessing. In another
embodiment,galgassive compo entjtcan be mOLAnted tQC ggnduc ive layer 148.bethen conijgtive pillars

142b-142¢." ©An encapsufan %?’%{oﬁding colcr?(w)ﬁ:ound1rl 15 ispcfespsolsﬁéa ‘over sémicondctor die 150

and condustivelayeed4Bysing a tpdste priptingccompressiveanelding, dransferendldingy liguid .

encapsulant molding, \@ggg@c@mgati%n or oft}glrbs_ulitzﬁlglee _a%plicﬂ%ru]%iernil(% lo g}Gm3e._ Er}%pssulant 154

can be polymer composite material, such as epoxy resin with ﬁlﬁar, epoxy acrylate Wltﬁ]ﬁler, or polymer

VWﬂlmpriﬁHedﬂ this case an inductor. The conductive layer 124b-124e
are typically wound or coiled in plan-view to produce or exhibit
the desired inductive properties. Conductive layer 124f and
124g electrically connect to resistive layer 120 as another IPD.

The IPDs formed by conductive layer 124b-124e and

resistive layer 120 provide the electrical characteristics
needed for high frequency applications, such as resonators,
high-pass filters, low-pass filters, band-pass filters,
symmetric Hi—-Q resonant transformers, matching networks, and
tuning capacitors. The IPDs can be used as front-end wireless
RF components, which can be positioned between the antenna and
transceiver. The IPD inductor can be a hi-Q balun, transformer,
or coil, operating up to 100 Gigahertz. In some applications,
multiple baluns are formed on a same substrate, allowing multi-
band operation. For example, two or more baluns are used in a
quad-band for mobile phones or other global system for mobile
(GSM) communications, each balun dedicated for a frequency band
of operation of the quad-band device. A typical RF system
requires multiple IPDs and other high frequency circuits in one
or more semiconductor packages to perform the necessary
electrical functions.

The high frequency electrical devices generate or are

-20-



Encapsulant 154 is non-conductive and environmentally protects the semiconductor device from external
elements and contaminants. A backgrinding process is used to remove a portion of encapsulant
154, conductive layer 148, and dielectric layer 144 to expose a topside of conductive pillars 142a-142c,
similar to FIG. 3f. FIG. 7 shows a top view of conductive pillar 142a surrounded by dielectric layer 144
and conductive layer 148. In addition, the temporary carrier is released from seed layer 140 by application
of heat oP HgHtSRItefratively, tHeGatrieFearr be temoved %?%nﬁ@él%éﬁﬁ@%%eﬁgﬁi%l p&él-off, CMP,

mechanieal @rindings therma) bake claser-searming plgsma etehingor ather-bulk material thinning
process. Seed layer 140, dielectric layer 144, and conductive layer 148 are selectively removed

by an etchiHg procESS & exiose cartaSipads 152 61 semitonbndtor dit 156 8R4 aotfom-side of
conductive-pilamsnt42h.and 142ewconductive pillars 142b- 12 funetion a verticabzntescennects

extendin(ggfrom, one side of encagl%gl1 nt 154 to an cgjsgositg[iwe oféhefgca sulant. Similar to
FIG. 4, cShductive phtar§ 94254 Gh&ratsd as B irst mefAl 816ktrode of firstand second vertically
oriented ktegratediMiMccapaciorsl Conduetiviaulayer 148 iRthe, secondanatatl electrode @f the-MIM

capacitors, giel%(g]r_jce:rllacyer 144 is the intermediate Insulator between the first and second metal

electrodes. Conductive I%yer 148 extends beyond dielectric layer 144 and seed layer 140 for ready

An interconnect structure 127 is formed over
encapsulant 114. The interconnect structure 127 electrically
connects to conductive pillars 104d-104e, semiconductor die 110,
and MIM capacitor 116. The interconnect structure 127 includes
an electrically conductive layer 128 formed over encapsulant
114, conductive layer 108, and the bottom-side of conductive
pillars 104d-104e using a patterning and deposition process.
Conductive layer 128 is formed using PVD, CVD, electrolytic
plating, electroless plating process, or other suitable metal
deposition process. Conductive layer 128 can be one or more
layers of Al, Cu, Sn, Ni, Au, Ag, or other suitable electrically
conductive material.

An insulating or passivation layer 130 is formed over
encapsulant 114, seed layer 102, and conductive layer 128. The
passivation layer 130 can be Si02, Si3N4, SiON, Taz205, Al203, or
other material having suitable insulating and structural
properties. The passivation layer 130 is patterned or blanket
deposited using PVD, CVD, printing, spin coating, sintering,
thermal oxidation, or lamination. The passivation layer 130 can
be single or multiple layers. A portion of passivation layer
130 is removed by an etching process to expose conductive layers
108 and 128.

An electrically conductive layer 132 is formed over

passivation layer 130 and conductive layer 128 using a
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interconnect without electrically shorting to conductive pillars 142a and 142d. The MIM capacitors are
constructed in 3-D, x- y-and z-directions. The plane parallel to the first and second capacitor electrodes is
perpendicular to the plane which is parallel to the active surface of semiconductor die 150. The MIM
capacitors extend vertically into encapsulant 154 to save die area and provide greater capacitance
density. The MIM capacitors can have a large value for decoupling purposes, without the typical large

footprint RESIFABA WitHPR RigHrade pldtarkapatitor:  CONIARGAtErcoreet strdétute 156 is formed
over encapsiiant 164 Jhennteycawmect strueture 156 inclpdes ong por e dPBseAB glacitically
conductive layer 158 is formed over encapsulant 154, conductive layer 148, and a topside of conductive
pillars 148 A#PEUsing aYepositioh drt pattéting protesS o o iRARHUAF portion8 bF Skttins.
Conductive {ayer 158 is fermed usisg VLW D] elesirolydic plating; ejectiolessiplating precess, or other
suitable metal deposition process. Conductive layer 158 can pbe one or mor%Iayers of Al, Cu, Sn, Ni, Au,
Ag, or otliér s%tl&‘%i:e gllé%f%% cOnACtve fatetial THEIREITuAT poftfohd 'of conductive layer 158 can
be electrically commornor elestrically isplaied plepending iamthezdesign aad functionnaf dhe semiconductor
die. A resistive Ia§r 159 's&atterged ang deposited over e'r\}I azosulalrg 154 using}PVD or CVD.
Resistivquﬁés’rlf is”Fax |§%¥0 ef metal gﬁi%ld%%, ']'gﬁ, ?é]re Ti ,or'dopede p&?ﬁ’sﬁfbo%thla?/rllng a
resistivitylbetaveeh Bland 1000h$i/Sq., Si3N4AN NsiatingpaOdassiviation,layer t8hisrformed over
encapsulant 154, ontguctive Iayer %g%,land resliﬁtive.lalﬁer 15C?.SThe %%susivaltion I%éeer ]taloecsan be 5i02,

r

Si3N4, Si ejl:ali;1 , Aﬂﬁég,gor other materia %av%%lsn table insafélltllng and struct afpropefties. The

passivatidh ¢ayet 160vs patternetyerrblanketidepositée usig RVDL CMIX printing ospih€dating, sintering,
thermal qxidation,oplanpiption,, The: passivation Jayer. 160,gan be single gr mylfiple layers. A portion of
passivation layer 160 is removed by an etching process to expose conductive layer 148, resistive layer
159, and @ohdattivapillarid2aninat iomn elbkfricady ebrdictive layercre sdfofaad over passivation

layer 160, copductiye pillr- 147, conductive layeroL48, and ssistive layer 169, tising g patiegning and
|

deposition process. Conductive layer 162 includes individual portions or sections 162a-162f. Conductive
layer 1621i8 f6RrAEY BSInGP D, €V BICtRRAALING, cie@foiess pRERG ptocessa BFbther suitable
metal depasition process. Conductive layer 162 can be one or more layers of Al, Cu, Sn, Ni, Au, Ag, or
other suitable electrically conductive material. The individual portions of conductive layer 162 can be
electrically common or’le&riallFisclatdd deperting bRTheé eesin diFfitadn bFthe semiconductor

die. deposited over conductive layer 132 using an evaporation,
electrolytic plating, electroless plating, ball drop, or screen
printing process. The solder material can be any metal or
electrically conductive material, e.g., Sn, Ni, Au, Ag, Pb, Bi,
and alloys thereof, with an optional flux material. For
example, the solder material can be eutectic Sn/Pb, high-lead,
or lead-free. The solder material is reflowed by heating the
material above its melting point to form spherical balls or
bumps 136. 1In some applications, solder bumps 136 are reflowed
a second time to improve electrical contact to conductive layer
132. Solder bumps 136 represent one type of interconnect
structure that can be formed over conductive layer 132. The
interconnect structure can also use bond wires, 3-D
interconnects, conductive paste, stud bump, micro bump, or other

electrical interconnect.
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An insulating or passivation layer 164 is formed over passivation layer 160 and conductive layer 162. The
passivation layer 164 can be 5i02, Si3N4, SiON, Ta205, Al203, or other material having suitable
insulating and structural properties. The passivation layer 164 is patterned or blanket deposited using
PVD, CVD, printing, spin coating, sintering, thermal oxidation, or lamination. The passivation layer 164
can be single or multiple layers. A portion of passivation layer 164 is removed by an etching process to

expose conductive lay&rt$62.0  SROVSCERyrtivE 1A AL 62RO E S Hstiftite orEoriHore 1P Ds, in this
case an induetoralihe,condugtive dayer dbfe-ka2e argdypically woundor £oiled #hplansndew to produce or
exhibit the desired inductive properties. Conductive Ia{er 162a electrically connects to conductive pillar
142a and8&EMEBRductor AR50, cnductive Tafets 625 And T63HPaEET R af?Ediect to resistive
layer 159@s anotbet IRR. 1ight The RBstarmead-by coadyctiverlayerql62cikh2esand resistive layer
159 provide the electrical characteristics needed for high frequency applications, such as resonators,
high-pass filters> fow-pass ﬁltér%?’%ﬁn&-%%sg fiters: s;c/ﬁgn?éir%ﬁ?-% ré@%ﬁ% tir ﬁgfoﬁ%‘lg%,"ﬁﬁt hing
networksyand d&ttning :capaeiterst The tRDs cande usegeas frant-end wietesstRB compoments, which can
be posmq_naed. between t%%@{tge and trraregﬁcéecl\é%r. The IP([:)aleHctor can be a hl-g tg%luq, a{[ransformer,

. minatiqn ; O cnemil S l10on. S er
or coil, opérating up 161 ahertz. In'some appﬁca{%lons, multiplé Baruns aré formed on a'same

substrate] allowiny rnalticleamd operatibnnBamexample, two ot niore hatunsaarerused in a quad-band for
mobile phones or other, G communi %tions ach balun dedicated for a freque ¥ bgrﬂq Qf operation of
the quad-band device.ﬁA @p?c%?gﬁgys%emcrgaﬁﬁgg %n\{ﬁtipﬁel: %Bg and other ﬁiahgreq%ency%ircuits in one
or more semitondéctorpackagesdo perfermlthe necassarytelectrdcaltfudetions. 1s depThethigh

frequency electrical deyices gengfate of ae suscepible tq undesired EMI, REI, of other inter;device

interference, such as capacitive, inductive, or conductive coupling, also known as cross-talk. The inductor
142c-14Zngrengatically deparated tyhencapdalient a58<Nd offset from sefmitomdattor die 150 to reduce

EMLI, RFI;@@qulermt%ﬂ?w& niesference.y in ¢ AN IRLeIcoRREGt siructyre 165 is formed over

encapsulant 154. The interconnect structure 165 electrically connects to conductive pillars 142b-142c,
semicondiit61odie S50 and WHM eapé&dir 1421148 Thelintereédhnett sbERike 185012t ing,

or selective plating process. Conductive pillars 142 can be Cu,
Al, W, Au, solder, or other suitable electrically conductive
material. Conductive pillars 142 have a height ranging from 20-
200 pm, typical value of 50-100 pm. The photoresist is stripped
away leaving behind individual conductive pillars 142a-142d.

A portion of conductive pillars 142d is removed by an
etching, grinding, or blade cutting process, similar to FIG. 3Db.
Conductive pillar 142d is reduced in vertical profile by 20-50
pm after the etching process. The vertical profile of
conductive pillars 142a-142c remains unchanged. Alternatively,
the different height between 104a-104c and 104d-104e can be
carried out by step-lithography and plating process.

A dielectric layer 144 is conformally applied over
conductive pillars 142a-142d and seed layer 140, similar to FIG.
3c. The conformal dielectric layer 144 can be Si02, Si3N4,
SiON, Ta205, Al203, polyimide, BCB, PBO, or other material

having insulating properties. The dielectric layer 144 is
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includes an electrically conductive layer 166 formed over encapsulant 154, conductive layer 148, and the
bottom-side of conductive pillars 142b-142c using a patterning and deposition process. Conductive layer
166 is formed using PVD, CVD, electrolytic plating, electroless plating process, or other suitable metal
deposition process. Conductive layer 166 can be one or more layers of Al, Cu, Sn, Ni, Au, Ag, or other
suitable electrically conductive material. ~Aninsulating or passivation layer 168 is formed over
encapsuIBﬁFI@f,%eé%d%y&lfM%od@d?%bE\?QIéi/%i”i%?gzﬁe pa¥Sivatidrt Idysr 468 Tahbe 5i02,
Si3N4, St Ta205, H203 r-athegmatarial faving, suitablenivsulating and-strustyrabproperties. The
passivation layer 168 is patterned or blanket deposited using PVD, CVD, printing, spin coating, sintering,
thermal oXdEHOAT P aminAfisn. SFife fadsivation14§&r fé&écgﬁﬁei%?n@é%?Jrﬁlf?ﬁe%%ﬁ&eportion of
passivatioa Jayes 168 is removed by an etching process to expose conductive layers 148 and 166.

An electrically conductive Iaier 170 is formed ov%;épassivat'on layer ]% 8 and conductive layer 166 using a

patterning and deposit/oh rocess. Cohdueive syar 1785s :Lc?%e d dsing PV CVDT Biedtrdlific plating,
electrolessoplating pracesse ppethes suibatle metal depasition praeess4@onduactivedayerk/0 can be one

or more layers of Al,_ Cu, Sn, Ni, Au, Ag, or o sujtahle electrically conductive material. An
insulating’i“(‘%ty Sgss@é%iolrﬂagéjﬁr fﬁf;isufg%gd ovef pggsﬁ\’/atleoﬁnel(ég/ércyié% 5ﬁd%%%ﬁ8t%/e layer 170. The
passivatien dayer d72scandie 5i02g SizN4,SION, da205h A2 03; Or @ther material having Suitable

insulating and sructural praperties. The passiygdon.layer, 172 is patierped or planiket dgposited using
PVD, CVD, printing, spin coating, sintering, thermal oxidation, or lamination. The passivation layer 172

can be siAgle @rr_mulﬁiple Ryersi@v pmﬁon@ﬁ@asgivéﬁ@rblh@e@_l@@ﬁs feradved _bp_ladtet(chilgg process to
expose conductive layers 170.. 1,5+ 40 glectrically condyctive solder material is.deposited over

conductive layer 170 using an evaporation, electrolytic plating, electroless plating, ball drop, or screen
printing pkdeessy The soiddranartiaféan be anymetal or eleétrically conddetiveimateliaysg., Sn, Ni, Au,

Ag, Pb, Bl, andalloys thereof; with.an pptional flux mategial, For exgmple, the selder material can be

eutectic Sn/Pb, high-lead, or lead-free. The solder material is reflowed by heating the material above its
melting pbitdo {draT sphéricat BafS BRBEMPSATAC i $6méagpplicativhs: 38|de? BEnTPsiV#4 are reflowed
a seconditime {o improve electrical contact to conductive layer 170. Solder bumps 174 represent one type
of Interconnect structure that can be formed over conductive layer 170. The Interconnect structure can
also use bond wires, 3D FBicoPRet!t esndd@ivePasts StAEBLRTH, MiciPBEMp tor6thef ER%trical

Interconnegt petween conductive pillars 142b and 142c, similar to FIG.
3d. Semiconductor die 150 includes analog or digital circuits
implemented as active and passive devices, conductive layers,
and dielectric layers formed over its active surface and
electrically interconnected according to the electrical design
of the die. For example, the circuit may include one or more
transistors, diodes, and other circuit elements formed within
the active surface to implement baseband digital circuits, such
as DSP, memory, or other signal processing circuit. The
semiconductor die may also contain IPD, such as inductors,
capacitors, and resistor, for RF signal processing. In another
embodiment, a passive component can be mounted to conductive
layer 148 between conductive pillars 142b-142c.

An encapsulant or molding compound 154 is deposited

over semiconductor die 150 and conductive layer 148 using a
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FIG. 8 is a top view of semiconductor die 150 with 3-D vertically oriented Integrated capacitors formed
along the sides of the die. Conductive pillars 142b and 142c provides z-direction Interconnect. Conductive
pillars 142a and 142d operates as a first metal electrode of first and second vertically oriented Integrated
MIM capacitors 176. Conductive layer 148 is the second metal electrode of MIM capacitors 176. Dielectric
layer 144 is the intermediate Insulator between the first and second metal electrodes.. FIG.9isa
top view BPS&RICOhEET die FSFRARSTAS vBRitAY Briented  Ategratea - apagitorfoiied around the

die. Conductivp pillass 442b aandrlA2cpreviges Zadirectiondntereennaot sConguatiye jillars 142 operate as
a first metal electrode of the vertically oriented Integrated MIM capacitor 178. Conductive layer 148 is the

second nM&tRI'e1eeir8de of Mint Gdpaciiof 178. Dittectiid RyBF 144 1 the interfe dRite ReWAfOT between
the first anehgeconddnetat electrodesuch as Aserycanskiciondie 180 witheanotbpb3+P vertically

oriented Integrated capacitor. configuration is shown in FIG. 10. Semicgndyctor die 180 Includes analog or
digital eSS BN hict 54 bufie afd PRESEToviEbST o A Te AyerE:

, and dielectric layers formed

over its active sdrfacerand electricallyrrteseonnectec aecat dngvtortheredectrdal Wesigntefdhe die. For

example, tEle circuit may Inc]Eude one or mofe transistors digdei, and %ther ciécuit elements formed within
T UCtO e S _an

the active surfice. tlocl?n&emenf baseband iﬁﬁgﬁ celféu?tg,hguch as DSP, memory, or other signal

processingpoiteuit. Tdetsemiconductor die may also contain IPD, such as Inductors, capacitors, and
resistor, for RF signal Rr gs%in o Siligon interf)osers 184 are glaced on eachtside of £
semiconductor die 180. Iéw% 3 sﬁi%:%)ﬂ ﬁt%?pggercl%sﬂfslncﬁjdlégecon Sctlrvemp?iﬁaersalé%ogn& 3b (\j/ertically
oriented kntegrated eapacitofs 188 rFurtherdetdibuesilidoiBintenpdser €84 stshown avEIG. 11414

Conductiye pillars, 186 function;on.vertical z;intercopnects extending from gne side;of the silicgn
Interposer to an opposite side of the device. Each 3-D vertically oriented Integrated MIM capacitor 188
Includes Bufer codhductiiSlayer 390 dad infercondective layend94 LA dieledttit dayer 496 is disposed

between conductive Jayers 180.and. 194, Condugtive jayer, 104 operates;as. a first meta) glectroge of the

MIM capacitor. Conductive layer 190 is the second metal electrode of the MIM capacitor. Dielectric layer
196 is thé ffteimediatetinsulatsitsetvedn TR filst antissecohd el Eleetrodes Silkicorematértal 198 is

formed argund conductive jayers 199 and, 194 and dielectriic layer 1981y, the carrier can

be removed by chemical etching, mechanical peel-off, CMP,
mechanical grinding, thermal bake, laser scanning, plasma
etching, or other bulk material thinning process.

Seed layer 140, dielectric layer 144, and conductive
layer 148 are selectively removed by an etching process to
expose contact pads 152 of semiconductor die 150 and a bottom-
side of conductive pillars 142b and 142c. Conductive pillars
142b-142c function a vertical z-interconnects extending from one
side of encapsulant 154 to an opposite side of the encapsulant.

Similar to FIG. 4, conductive pillars 142a and 142d
operates as a first metal electrode of first and second
vertically oriented integrated MIM capacitors. Conductive layer
148 is the second metal electrode of the MIM capacitors.
Dielectric layer 144 is the intermediate insulator between the
first and second metal electrodes. Conductive layer 148 extends

beyond dielectric layer 144 and seed layer 140 for ready
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Another Interposer structure 200 is shown in FIG. 12. Conductive pillars 202 function as vertical
z-interconnects extending from one side of the silicon Interposer to an opposite side of the device. Each
3-D vertically oriented Integrated MIM capacitor 204 Includes outer conductive layer 206 and inner
conductive layer 208. A dielectric layer 210 is disposed between conductive layers 206 and 208.
Conductive layer 206 operates as a first metal electrode of the MIM capacitor. Conductive layer 208 is the

second nMEtaFEIEERBEE bf the" AV capatitsr BidiélticIayer21tFis the FrBrHEdAtE I nshfat6rSetween

the first angzsecond metakelectradesiisilicenmaterial 214+is foymed atpundcondugtive layers,206 and
208 and dielectric layer 210. Returning to FIG, 10, an encapsulant or molding compound 212 is

deposited BerSEMICONELCRT die 186 aRd SilicoR TtRipdsers 184 1Ring - Phst Frirtmg° Eompressive
molding, frapster taeldinge kguid @ncapsulast-metding, Macu upvlanmisaiarn of atharcsuitaple applicator.
Encapsulant 212 can be polymer composite material, such as epoxy resin with filler, epoxy acrylate with
fler o1 OV i bropdt B Erap St 55 1 naF RN AN 2L AR S Hentaty Frotects the
semiconduatordeded fromsexiemal ¢lements @andlcontaminantis:apsularkn Iriércoaneetvstructure 214 is
formed over enca sular%ﬁ 212, Thgénterconnect structur%214 Inc(#udes. ne or OéeMZI’Bs. An electrically

conductive I%yg}: T6 75 'formed over eﬁggﬁgﬁgntcfff and sificon r?t%?plos%f 184 using a deposition and

patterning grecessaofornindividaalkpdrions or séctionso Conductinel laygr 216 isofoemed using PVD,

CVD, electr Wtic I t@g, glectrolefs platin Rrocess,.or other suitable metal qleposgionhprog SS.

, ¥ C t .
Conductive %ayoelﬁgl can Be one or n?c]):r%%]ayéjrg o§ ]i\Jf,nCt,u,a§r?,ol\le} i\u? g‘,N(l)r other suftablée élcetrlcally
conductivel materiataPhe individual portions of conductive layer 216 can be electrically common or

electrically Isolated depending on the design.and functian pf the, semicondyctor die. A resistive
layer 218 is patterned and deposited over encapsulant 212 using PVD or CVD. Resistive layer 218 is

TaxSiy oeothep setahsuididés, TANENICH TN orrdopedsiclyisilieon hbvingla edsistaty edween 5 and
1000hmﬁ@re IPDs. An electrically conductive layer 158 is formed over

encapsulant 154, conductive layer 148, and a topside of
conductive pillars 142b-142c using a deposition and patterning
process to form individual portions or sections. Conductive
layer 158 is formed using PVD, CVD, electrolytic plating,
electroless plating process, or other suitable metal deposition
process. Conductive layer 158 can be one or more layers of Al,
Cu, Sn, Ni, Au, Ag, or other suitable electrically conductive
material. The individual portions of conductive layer 158 can
be electrically common or electrically isolated depending on the
design and function of the semiconductor die.

A resistive layer 159 is patterned and deposited over
encapsulant 154 using PVD or CVD. Resistive layer 159 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 160 is formed over
encapsulant 154, conductive layer 158, and resistive layer 159.
The passivation layer 160 can be Si02, Si3N4, SiON, TaZ205,

Al1203, or other material having suitable insulating and
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An insulating or passivation layer 220 is formed over encapsulant 212, silicon Interposer 184, conductive
layer 216, and resistive layer 218. The passivation layer 220 can be 5102, SI3N4, SION, Ta205, Al203, or
other material having suitable insulating and structural properties. The passivation layer 220 is patterned
or blanket deposited using PVD, CVD, printing, spin coating, sintering, thermal oxidation, or lamination.
The passivation layer 220 can be single or multiple layers. A portion of passivation layer 220 is removed
by an etchifgPprocess tdERPESE-dificon IntéipoBar £84 Lohdictie Ryel 296 and fdsistiveqdyer 218.

An electrigally conduativedpyeri222iisfermed over, passivatipnilayend?0,slicondpterpesgr 184,
conductive layer 216, and resistive layer 218 using a patterning and depaosition process. Conductive layer

222 Include8 ifdividdal FOYGORS br 8&dfiohs 222a-252f- EBhUaEhE layer 252 REfSFMEA sty PVD, CVD,
electrolyticaglating calectseless pkating psoeessnol other suitablermetal depesition pregess. Conductive
layer 222 can he one or more lay rs of Al, Cu, Sn, gzl Au, Ag, or other suitable electtrically conductive
material. TheSAdVIdUAT psibRs of Edndictive1ayer22% caR b didcthdal Sommon ot el6&tHESlly
isolated depehding or thesdesign ahd fuaeticit afthelseyriconductondie@. conducAnasyating er
passivati?%%yer 224 is formed over passivation layer 220 and conductive layer 222. The passivation
layer 224 can be Si02, Si3N4, SiON, Ta205, Al203, or other material having suitable insulating and
structural properties. The passivation dayey 224ris pattéredlenilianketdeposited usimgd¥b, CVD,
printing, $pin £0ang.sintering, theemal axidation. o Jamination. The passivation |ayer 224 an be single
or multip ea]ayers. B\ portion b passivation layer 24 is femoved by an ’etccﬁlng process to e&pose
conductivietiyer222 resist i@enductive |dyers 222e 22 ecedristitute mheaardndreriPiig; iwthis case an

inductor. Jhe conductive, |ayers 292c-2206 are fyniqa|ly watind ergailedn plansyiew tg produce or exhibit

the desired inductive properties. Conductive layer 222a electrically connects to MIM capacitor 188 and
semicondifctéridie 1806 apd tonductiveclagerc222ts and 222d ldiéctiicaljoetméct fol residtivVe layer 218 as

another 1P, o1 o T1E1PDRomed B ponduictive yers.222¢:227e apddesisiive layer 218 provide

the electrical characteristics needed for high frequency applications, such as resonators, high-pass filters,
low-passTifteFs: bendujsdss il e® yhmericHicQF8Sonat s former s Limatchind RetwtkSand tuning

capacitors, 2he IPRis canibe, used ag front-epd wirglessRE components, whyeh gan beipogiioned
between the antenna and transceiver. The IPD inductor can be a hi-Q balun, transformer, or coil,
operatingts £ 166 Tigah&re2 94 sbmeCapitications, muitipfe BaIGRY aré! foknfeefdn asan® substrate,

allowing ewii:iand pperiatipn, FoE example, ive ok Ararehaluns agkead ina guad-band fonrobile
phonesq{gg??éggNgggggg{mguggsﬁggjhesign and function of the
semiconductor die.

An insulating or passivation layer 164 is formed over
passivation layer 160 and conductive layer 162. The passivation
layer 164 can be Si02, Si3N4, SiON, Ta205, Al203, or other
material having suitable insulating and structural properties.
The passivation layer 164 is patterned or blanket deposited
using PVD, CVD, printing, spin coating, sintering, thermal
oxidation, or lamination. The passivation layer 164 can be
single or multiple layers. A portion of passivation layer 164
is removed by an etching process to expose conductive layer 162.

Conductive layer 162c-162e constitute one or more

IPDs, in this case an inductor. The conductive layer 162c-162e

are typically wound or coiled in plan-view to produce or exhibit
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balun dedicated for a frequency band of operation of the quad-band device. A typical RF system requires
multiple IPDs and other high frequency circuits in one or more semiconductor packages to perform the
necessary electrical functions. An Interconnect structure 223 is formed over encapsulant 212.
The Interconnect structure 223 electrically connects to conductive pillars 186, semiconductor die 180, and
MIM capacitor 188. The Interconnect structure 223 Includes an electrically conductive layer 226 formed

over encapSulgR2 T and BiE6h interptiseP 184 Ry a pafieHid BRd tepositibA Tfocess. Conductive

layer 226dsdormed Hsing RVRNEYDs electialytic plating electieless plating fpiocess, or other suitable
metal deposition process. Caonductive layer 226 can be one or more Ia}{)ers of Al, Cu, Sn, Ni, Au, Ag, or

other suitibie EREHEANY EofdGetivRthafdial. © O MU AN fashifRfing r pastivation ia%/%? 228 is formed

over encapsuantiZl?] silicepndntesposes 1.84s and Loaduetiverlayern226 Hieopassivation.layer 228 can be
5102, SI3N4, SION, Ta205, Al203, or other material avin% suitable insggggg %g[ structural properties.
The passivation layer 228§ ’is patternéd 8 Blanket d&5dsited Using BYD, ;?r ihg> SPin coating,
sintering rthetmaliexidation; or laminationithe passivatiartlayern228ican oetsingletaranultiple layers. A
portion of passivation layer 228 is removed by an etching process to expose condyctive layers 186 and
s P o RS T er T30 L T Sl Sasbiiion R 38 Sd conductie
layer 226nisihg papattefnihgeansl, dépositionsprotéds.«Cenduntive tayer 2301is femsed using PVD, CVD,
electrolytic Irz%teir%%iecle%tgo_lsssf lea('girqgolﬁgaro%esasf1 ot other suitable metal depasitign ]pggceasgdConductive

mers, matchin WOLr
layer 230 c¢an be one or more layers of Al, Cu, Sn, Ni, Au, ‘Ag, °

tuning capacitors. The IPDs can be used as front-end wireless
RF components, which can be positioned between the antenna and
transceiver. The IPD inductor can be a hi-Q balun, transformer,
or coil, operating up to 100 Gigahertz. 1In some applications,
multiple baluns are formed on a same substrate, allowing multi-
band operation. For example, two or more baluns are used in a
quad-band for mobile phones or other GSM communications, each
balun dedicated for a frequency band of operation of the quad-
band device. A typical RF system requires multiple IPDs and
other high frequency circuits in one or more semiconductor
packages to perform the necessary electrical functions.

The high frequency electrical devices generate or are
susceptible to undesired EMI, RFI, or other inter-device
interference, such as capacitive, inductive, or conductive
coupling, also known as cross-talk. The inductor 142c-142e are
vertically separated by encapsulant 154 and offset from
semiconductor die 150 to reduce EMI, RFI, and other inter-device
interference.

An interconnect structure 165 is formed over
encapsulant 154. The interconnect structure 165 electrically
connects to conductive pillars 142b-142c, semiconductor die 150,

and MIM capacitor 142-148. The interconnect structure 165
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or other suitable electrically conductive material. An insulating or passivation layer 232 is formed
over passivation layer 228 and conductive layer 230. The passivation layer 232 can be Si02, Si3N4,
SiON, Ta205, Al203, or other material having suitable insulating and structural properties. The passivation
layer 232 is patterned or blanket deposited using PVD, CVD, printing, spin coating, sintering, thermal
oxidation, or lamination. The passivation layer 232 can be single or multiple layers. A portion of

passivatiof fay&t 23238 rémB%éd byah'etchingProtesetoérfose ' @hdlichivs fysis230. An
electricalbyreonsiwctive solden materiahis depesited,evericondugtive layer B30 uisingsangvagoration,
electrolytic plating, electroless plating, ball drop, or screen printing process. The solder material can be
any metaf P afech \éﬁay%h&aa‘fvelr%%{ae—rﬂaﬁ%g}f%H}@Ni?Aa,a/&aersa,l@i?aﬁadausﬁmﬁeﬂré&mvim an
optional fipomaterial. Eorrexamplesthessolderimaterial cambekuieaticcS® P, highelead, or lead-free. The
solder material is riﬂowed bg heating th? materi%l above itstmeltirrg arpoint to form sg@ rical balls or bumps
234. In s6meapplications, Roffer Blimps 234 Afe reflowrt s $8Sorit 78 15 imBrove dig&trical contact to
conductivailayeb230 rSalder bemps 234aeprasent sne type ofimtercornactsiictge thatrcarebe formed
over conductive IaX}er 230_[ The inteor ormect éguctélrrle can alaouus%bond wires, 3-D intercog ects,

conducti\?enﬁaéjt]é, Stud oump, mierd ump’, or other €lec fical interéonnect. other FiG" 13 %Hows a flip

chip typessemiconductor diedi24luwith seoldes bamipsl242 mounted to a top surface of conductive layer
222a, 222b, and 222f in_interco ang'g.Lstructure 214..Serp|condyct0é]glel%@0 §Isecgécrar!1|¥(§ogng%ts to

integrated capacitors 1 % égﬁ(ﬁluctlvenpqllzfrg 1%%8 interconnect structure 223, an semiconductor die 180.

A flip chiﬁmﬁi@ohdﬂl@tér dieclik@ MGan él%@,bein@umedit@c_& msmoﬂ@ducﬁh@lay_er 124a,
1241, a”dplx%‘ég@‘a‘@ﬁ%ﬁoﬂ%‘iﬁé%@68%”‘8&&76\/%5%%53 and spnductive\layer 162a, 162band 162f in

interconnect structure 156 in FIG. ile oné or more’embodiments of the present invention
have beeptillgstrated ¢rr dethilhthelskillethaitishn svill appretiate thandodificatidnsrand adaptations to

those embodjments raay beade without departing from he scopg.of the present ipventipn;as set forth in
the following claims.

deposited using PVD, CVD, printing, spin coating, sintering,

thermal oxidation, or lamination. The passivation layer 168 can

be single or multiple layers. A portion of passivation layer

168 is removed by an etching process to expose conductive layers

148 and 166.

An electrically conductive layer 170 is formed over
passivation layer 168 and conductive layer 166 using a
patterning and deposition process. Conductive layer 170 is
formed using PVD, CVD, electrolytic plating, electroless plating
process, or other suitable metal deposition process. Conductive
layer 170 can be one or more layers of Al, Cu, Sn, Ni, Au, Ag,
or other suitable electrically conductive material.

An insulating or passivation layer 172 is formed over
passivation layer 168 and conductive layer 170. The passivation
layer 172 can be Si02, Si3N4, SiON, Ta205, Al203, or other
material having suitable insulating and structural properties.
The passivation layer 172 is patterned or blanket deposited

using PVD, CVD, printing, spin coating, sintering, thermal
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Claims What is claimed: 1. A semiconductor device comprising: a seed layer; a first conductive pillar
disposed vertically over the seed Layer;

oxidation, or lamination. The passivation layer 172 can be
single or multiple layers. A portion of passivation layer 172
is removed by an etching process to expose conductive layers
170.

An electrically conductive solder material is
deposited over conductive layer 170 using an evaporation,
electrolytic plating, electroless plating, ball drop, or screen
printing process. The solder material can be any metal or
electrically conductive material, e.g., Sn, Ni, Au, Ag, Pb, Bi,
and alloys thereof, with an optional flux material. For
example, the solder material can be eutectic Sn/Pb, high-lead,
or lead-free. The solder material is reflowed by heating the
material above its melting point to form spherical balls or
bumps 174. 1In some applications, solder bumps 174 are reflowed
a second time to improve electrical contact to conductive layer
170. Solder bumps 174 represent one type of interconnect
structure that can be formed over conductive layer 170. The
interconnect structure can also use bond wires, 3-D
interconnects, conductive paste, stud bump, micro bump, or other
electrical interconnect.

FIG. 8 is a top view of semiconductor die 150 with 3-D
vertically oriented integrated capacitors formed along the sides
of the die. Conductive pillars 142b and 142c provides z-
direction interconnect. Conductive pillars 142a and 142d
operates as a first metal electrode of first and second
vertically oriented integrated MIM capacitors 176. Conductive
layer 148 is the second metal electrode of MIM capacitors 176.
Dielectric layer 144 is the intermediate insulator between the
first and second metal electrodes.

FIG. 9 is a top view of semiconductor die 150 with a

3-D vertically oriented integrated capacitor formed around the
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a second conductive pillar disposed over the seed layer; a conformal insulating layer formed over the first

conductive pillar;

a conformal conductive layer formed over the conformal insulating layer, wherein the

first conductive pillar, the conformal insulating layer, and the conformal conductive layer constitute a
vertically oriented integrated capacitor; a semiconductor die or component mounted over the seed
Layer; and  afirst interconnect structure electrically connected to the second conductive pillar. 2. The
semicondtcor d&VICEBFELIAIT 1P WhEfdiR thé filst imercohhecPSiictdScampriseCan fftegrated passive
device. 3.nthe-semiconductorgdeviceof ¢laimil, furthercompiising @8 encapsulant depesited over the
semiconductor die or companent and around the conformal conductive layer, the first interconnect

structure SofmTed 89&r & first Sfle’6fthe Ehthps@anErted integrated MIM capacitor

178.

Conductive layer 148 is the second metal electrode of MIM

capacitor 178. Dielectric layer 144 is the intermediate

insulator between the first and second metal electrodes.

A semiconductor die 180 with another 3-D vertically

oriented integrated capacitor configuration is shown in FIG. 10.

Semiconductor die 180 includes analog or digital circuits

implemented as active and passive devices, conductive layers,

and dielectric layers formed over its active surface and

electrically interconnected according to the electrical design

of the die. For example, the circuit may include one or more

transistors, diodes, and other circuit elements formed within

the active surface to implement baseband digital circuits, such

as DSP,

memory, or other signal processing circuit. The

semiconductor die may also contain IPD, such as inductors,

capacitors, and resistor, for RF signal processing.

Silicon interposers 184 are placed on each side of

semiconductor die 180. FEach silicon interposer 184 includes

conductive pillars 186 and 3-D vertically oriented integrated

capacitors 188. Further detail of silicon interposer 184 is

shown in FIG. 11. Conductive pillars 186 function on vertical

z—interconnects extending from one side of the silicon

interposer to an opposite side of the device. Each 3-D

vertically oriented integrated MIM capacitor 188 includes outer

conductive layer 190 and inner conductive layer 194. A

dielectric layer 196 is disposed between conductive layers 190

and 194.

Conductive layer 194 operates as a first metal

electrode of the MIM capacitor. Conductive layer 190 is the

second metal electrode of the MIM capacitor. Dielectric layer
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4. The semiconductor device of claim 3, wherein the first interconnect structure comprises: a first
conductive layer formed over the encapsulant, the first conductive layer electrically connected to the
second conductive pillar; a first insulating layer formed over the encapsulant and the first conductive
layer; a second conductive layer formed over the first insulating layer and the first conductive layer;

and a second insulating layer formed over the first insulating layer and the second conductive layer.
196 is the intermediate insulator between the first and second

metal electrodes. Silicon material 198 is formed around
conductive layers 190 and 194 and dielectric layer 196.

Another interposer structure 200 is shown in FIG. 12.
Conductive pillars 202 function as vertical z-interconnects
extending from one side of the silicon interposer to an opposite
side of the device. Each 3-D vertically oriented integrated MIM
capacitor 204 includes outer conductive layer 206 and inner
conductive layer 208. A dielectric layer 210 is disposed
between conductive layers 206 and 208. Conductive layer 206
operates as a first metal electrode of the MIM capacitor.
Conductive layer 208 is the second metal electrode of the MIM
capacitor. Dielectric layer 210 is the intermediate insulator
between the first and second metal electrodes. Silicon material
211 is formed around conductive layers 206 and 208 and
dielectric layer 210.

Returning to FIG. 10, an encapsulant or molding
compound 212 is deposited over semiconductor die 180 and silicon
interposers 184 using a paste printing, compressive molding,
transfer molding, liquid encapsulant molding, vacuum lamination,
or other suitable applicator. Encapsulant 212 can be polymer
composite material, such as epoxy resin with filler, epoxy
acrylate with filler, or polymer with proper filler.

Encapsulant 212 is non-conductive and environmentally protects
the semiconductor device from external elements and
contaminants.

An interconnect structure 214 is formed over
encapsulant 212. The interconnect structure 214 includes one or
more IPDs. An electrically conductive layer 216 is formed over
encapsulant 212 and silicon interposer 184 using a deposition

and patterning process to form individual portions or sections.
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5. The semiconductor device of claim 3, further comprising a second interconnect structure formed over a
second side of the encapsulant opposite the first side of the encapsulant. 6. The semiconductor device of
claim 1, further comprising a second semiconductor die mounted to the first interconnect structure. 7. A
semiconductor device, comprising: conductive pillars including a first conductive pillar and a second
conductive pillar; a conformal insulating layer formed over the conductive pillars; a conformal

conductive’RYBFfot e ddvér the E8nfbfmaPiBGftiHg tayerEWherdi the first coRddetiveDillar, the
conforma} insulating layer: @ndthe sopfiasmah gopductive dayerconstitute anvertically ofientad integrated

Capacno%eposition process. Conductive layer 216 can be one or more
layers of Al, Cu, Sn, Ni, Au, Ag, or other suitable electrically
conductive material. The individual portions of conductive
layer 216 can be electrically common or electrically isolated
depending on the design and function of the semiconductor die.

A resistive layer 218 is patterned and deposited over
encapsulant 212 using PVD or CVD. Resistive layer 218 is TaxSiy
or other metal silicides, TaN, NiCr, TiN, or doped poly-silicon
having a resistivity between 5 and 100 ohm/sqg.

An insulating or passivation layer 220 is formed over
encapsulant 212, silicon interposer 184, conductive layer 216,
and resistive layer 218. The passivation layer 220 can be Si0OZ2,
Si3N4, SiON, Taz205, Al1203, or other material having suitable
insulating and structural properties. The passivation layer 220
is patterned or blanket deposited using PVD, CVD, printing, spin
coating, sintering, thermal oxidation, or lamination. The
passivation layer 220 can be single or multiple layers. A
portion of passivation layer 220 is removed by an etching
process to expose silicon interposer 184, conductive layer 216,
and resistive layer 218.

An electrically conductive layer 222 is formed over
passivation layer 220, silicon interposer 184, conductive layer
216, and resistive layer 218 using a patterning and deposition
process. Conductive layer 222 includes individual portions or
sections 222a-222f. Conductive layer 222 is formed using PVD,
CVD, electrolytic plating, electroless plating process, or other
suitable metal deposition process. Conductive layer 222 can be
one or more layers of Al, Cu, Sn, Ni, Au, Ag, or other suitable

electrically conductive material. The individual portions of
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a semiconductor die or component mounted over the conformal conductive layer and between the
conductive pillars; and a first interconnect structure electrically connected to the semiconductor die
or component and vertically oriented integrated capacitor. 8. The semiconductor device of claim 7, further
comprising an encapsulant deposited over the semiconductor die or component and around the
conformal conductive layer, the first interconnect structure formed over a first side of the encapsulant. 9.

The semicBREUCbr HBvitd bt tlaih s, TRE fifst imbRONnEEELthICtGRIBIRBRL AN E6écted td the second
conductivespillat: e 10.dERe-semicondHcton deyice 1of claimd, hereinthedtrstinterconnect structure

Compnsegémiconductor die.

An insulating or passivation layer 224 is formed over
passivation layer 220 and conductive layer 222. The passivation
layer 224 can be Si02, Si3N4, SiON, Ta205, Al203, or other
material having suitable insulating and structural properties.
The passivation layer 224 is patterned or blanket deposited
using PVD, CVD, printing, spin coating, sintering, thermal
oxidation, or lamination. The passivation layer 224 can be
single or multiple layers. A portion of passivation layer 224
is removed by an etching process to expose conductive layer 222.

Conductive layers 222c-222e constitute one or more
IPDs, in this case an inductor. The conductive layers 222c-222e
are typically wound or coiled in plan-view to produce or exhibit
the desired inductive properties. Conductive layer 222a
electrically connects to MIM capacitor 188 and semiconductor die
180, and conductive layer 222b and 222d electrically connect to
resistive layer 218 as another IPD.

The IPDs formed by conductive layers 222c-222e and
resistive layer 218 provide the electrical characteristics
needed for high frequency applications, such as resonators,
high-pass filters, low-pass filters, band-pass filters,
symmetric Hi-Q resonant transformers, matching networks, and
tuning capacitors. The IPDs can be used as front-end wireless
RF components, which can be positioned between the antenna and
transceiver. The IPD inductor can be a hi-Q balun, transformer,
or coil, operating up to 100 Gigahertz. In some applications,
multiple baluns are formed on a same substrate, allowing multi-
band operation. For example, two or more baluns are used in a

quad-band for mobile phones or other GSM communications, each
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a first conductive layer formed over the encapsulant, the first conductive layer electrically connected to
the second conductive pillar; a first insulating layer formed over the encapsulant and first conductive
layer; a second conductive layer formed over the first insulating layer and first conductive layer; and
a second insulating layer formed over the first insulating layer and second conductive layer. 11. The
semiconductor device of claim 8, further comprising a second interconnect structure formed over a

second sffelGftheEhtapSGant ppssitethe st sidd B thednipstitint °12°Fhé Renfictttuctor device
of claim % 4he figstinteeconnect structdne eemptisipgrandatagrated passtivedevieeps and

other high frequency circuits in one or more semiconductor
packages to perform the necessary electrical functions.

An interconnect structure 223 is formed over
encapsulant 212. The interconnect structure 223 electrically
connects to conductive pillars 186, semiconductor die 180, and
MIM capacitor 188. The interconnect structure 223 includes an
electrically conductive layer 226 formed over encapsulant 212
and silicon interposer 184 using a patterning and deposition
process. Conductive layer 226 is formed using PVD, CVD,
electrolytic plating, electroless plating process, or other
suitable metal deposition process. Conductive layer 226 can be
one or more layers of Al, Cu, Sn, Ni, Au, Ag, or other suitable
electrically conductive material.

An insulating or passivation layer 228 is formed over
encapsulant 212, silicon interposer 184, and conductive layer
226. The passivation layer 228 can be Si0O2, Si3N4, SiON, Taz205,
Al1203, or other material having suitable insulating and
structural properties. The passivation layer 228 is patterned
or blanket deposited using PVD, CVD, printing, spin coating,
sintering, thermal oxidation, or lamination. The passivation
layer 228 can be single or multiple layers. A portion of
passivation layer 228 is removed by an etching process to expose
conductive layers 186 and 226.

An electrically conductive layer 230 is formed over
passivation layer 228 and conductive layer 226 using a
patterning and deposition process. Conductive layer 230 is
formed using PVD, CVD, electrolytic plating, electroless plating
process, or other suitable metal deposition process. Conductive

layer 230 can be one or more layers of Al, Cu, Sn, Ni, Au, Ag,
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13. The semiconductor device of claim 7, further comprising a second semiconductor die mounted to the
first interconnect structure. 14. The semiconductor device of claim 13, wherein the second semiconductor
die is a flip chip type semiconductor die. 15. A semiconductor device, comprising: a conductive pillar;

a conformal insulating layer formed over the conductive pillar; a conformal conductive layer formed
over the conformal insulating layer, wherein the conductive pillar, the conformal insulating layer, and the

conformatoRah&veTay tifLtE SvericdifYorfed it gratdif Eapadtbr; and

An insulating or passivation layer 232 is formed over
passivation layer 228 and conductive layer 230. The passivation
layer 232 can be Si02, Si3N4, SiON, Ta205, Al203, or other
material having suitable insulating and structural properties.
The passivation layer 232 1is patterned or blanket deposited
using PVD, CVD, printing, spin coating, sintering, thermal
oxidation, or lamination. The passivation layer 232 can be
single or multiple layers. A portion of passivation layer 232
is removed by an etching process to expose conductive layers
230.

An electrically conductive solder material is
deposited over conductive layer 230 using an evaporation,
electrolytic plating, electroless plating, ball drop, or screen
printing process. The solder material can be any metal or
electrically conductive material, e.g., Sn, Ni, Au, Ag, Pb, Bi,
and alloys thereof, with an optional flux material. For
example, the solder material can be eutectic Sn/Pb, high-lead,
or lead-free. The solder material is reflowed by heating the
material above its melting point to form spherical balls or
bumps 234. 1In some applications, solder bumps 234 are reflowed
a second time to improve electrical contact to conductive layer
230. Solder bumps 234 represent one type of interconnect
structure that can be formed over conductive layer 230. The
interconnect structure can also use bond wires, 3-D
interconnects, conductive paste, stud bump, micro bump, or other
electrical interconnect.

FIG. 13 shows a flip chip type semiconductor die 240
with solder bumps 242 mounted to a top surface of conductive
layer 222a, 222b, and 222f in interconnect structure 214.

Semiconductor die 240 electrically connects to integrated
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a semiconductor die or component mounted over the conformal conductive layer. 16. The semiconductor
device of claim 15, further comprising an encapsulant deposited over the semiconductor die or
component and around the vertically oriented integrated capacitor. 17. The semiconductor device of
claim 16, further comprising: a first interconnect structure formed over a first side of the encapsulant,
the first interconnect structure bein% electrically connected to the semiconductor die or component and

vertically GHented-mteyrafsdy c BF Ghtfa Beddiftf mtéréBnnect strctitB $6imed b¥&ta5Econd side of
the encapsuantepposiie the ficst side-otthe encapsulant118. Hhe semigendyetor deniceafclaim 17,

wherein the first interconnect structure comprises an integrated passive device. ,
die like 240 can also be mounted to“a top surface of conductive
layer 124a, 124f, and 124g in interconnect structure 117 in FIG.
5, and conductive layer 162a, 162b and 162f in interconnect
structure 156 in FIG. 6.

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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19. The semiconductor device of claim 17, further comprising a second semiconductor die mounted to the
first interconnect structure. 20. A semiconductor device, comprising: a carrier; a semiconductor die or
component mounted over the carrier; and a vertically oriented integrated metal-insulator-metal (MIM)
capacitor disposed over the carrier, wherein an active surface of the semiconductor die or component is
perpendicular to a first electrode and a second electrade of the vertically oriented integrated MIM

capacitor, the first electrode laims
What is claimed:
1. A semiconductor device comprising:

a seed layer;

a first conductive pillar disposed vertically over the seed
layer;

a second conductive pillar disposed over the seed layer;

a conformal insulating layer formed over the first
conductive pillar;

a conformal conductive layer formed over the conformal
insulating layer, wherein the first conductive pillar, the
conformal insulating layer, and the conformal conductive layer
constitute a vertically oriented integrated capacitor;

a semiconductor die or component mounted over the seed
layer; and

a first interconnect structure electrically connected to

the second conductive pillar.

2. The semiconductor device of claim 1, wherein the first

interconnect structure comprises an integrated passive device.

3. The semiconductor device of claim 1, further comprising an
encapsulant deposited over the semiconductor die or component
and around the conformal conductive layer, the first
interconnect structure formed over a first side of the

encapsulant.

4. The semiconductor device of claim 3, wherein the first

interconnect structure comprises:
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comprising a conductive pillar having a cross-section in a plane that is perpendicular to the active surface
of the semiconductor die or component with a height of the cross-section being greater than a width of the
cross-section. 21. The semiconductor device of claim 20, wherein the second electrode comprises a
conformal conductive layer disposed over the conductive pillar. 22. The semiconductor device of claim
21, wherein the verti,callg oriented integrated metal-insulator-metal (MIM) capacitor further comprises a

conformal insul&ingHasér GiSpoSEdbetivebiRe contligfiveSiar &AE e Cantorhardonddttive layer. 23.
A semicongdustor @enicec EOMPrisingea Calkd®Itrically connected to the second

conductive pillar;

a first insulating layer formed over the encapsulant and
the first conductive layer;

a second conductive layer formed over the first insulating
layer and the first conductive layer; and

a second insulating layer formed over the first insulating

layer and the second conductive layer.

5. The semiconductor device of claim 3, further comprising a
second interconnect structure formed over a second side of the

encapsulant opposite the first side of the encapsulant.

6. The semiconductor device of claim 1, further comprising a
second semiconductor die mounted to the first interconnect

structure.

7. A semiconductor device, comprising:

conductive pillars including a first conductive pillar and
a second conductive pillar;

a conformal insulating layer formed over the conductive
pillars;

a conformal conductive layer formed over the conformal
insulating layer, wherein the first conductive pillar, the
conformal insulating layer, and the conformal conductive layer
constitute a vertically oriented integrated capacitor;

a semiconductor die or component mounted over the conformal

conductive layer and between the conductive pillars; and
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a semiconductor die or component mounted over the carrier; a vertically oriented integrated
metal-insulator-metal (MIM) capacitor disposed over the carrier, wherein an active surface of the
semiconductor die or component is perpendicular to a first electrode and a second electrode of the
vertically oriented integrated MIM capacitor; an encapsulant deposited over the semiconductor die or
component and around the vertically oriented integrated MIM capacitor; a first interconnect structure

formed over a fifst Side>6f the EHcapBHRaRE thé firkt intefcdihBet Stra@dre’b&RG R Al Connected to

the semieondustoridie on cempengntang theswgrtisalhytodented drtegrated MIM-capaciter; and  a
second interconnect structure formed over a second side of the encapsulant opposite the first side of the
encapsuﬁiﬂ{:egrated capacitor.

8. The semiconductor device of claim 7, further comprising an
encapsulant deposited over the semiconductor die or component
and around the conformal conductive layer, the first
interconnect structure formed over a first side of the

encapsulant.

9. The semiconductor device of claim 8, the first interconnect
structure electrically connected to the second conductive

pillar.

10. The semiconductor device of claim 9, wherein the first
interconnect structure comprises:

a first conductive layer formed over the encapsulant, the
first conductive layer electrically connected to the second
conductive pillar;

a first insulating layer formed over the encapsulant and
first conductive layer;

a second conductive layer formed over the first insulating
layer and first conductive layer; and

a second insulating layer formed over the first insulating

layer and second conductive layer.
11. The semiconductor device of claim 8, further comprising a

second interconnect structure formed over a second side of the

encapsulant opposite the first side of the encapsulant.
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12. The semiconductor device of claim 7, the first interconnect

structure comprising an integrated passive device.

13. The semiconductor device of claim 7, further comprising a
second semiconductor die mounted to the first interconnect

structure.

14. The semiconductor device of claim 13, wherein the second

semiconductor die is a flip chip type semiconductor die.

15. A semiconductor device, comprising:

a conductive pillar;

a conformal insulating layer formed over the conductive
pillar;

a conformal conductive layer formed over the conformal
insulating layer, wherein the conductive pillar, the conformal
insulating layer, and the conformal conductive layer constitute
a vertically oriented integrated capacitor; and

a semiconductor die or component mounted over the conformal

conductive layer.

16. The semiconductor device of claim 15, further comprising an
encapsulant deposited over the semiconductor die or component

and around the vertically oriented integrated capacitor.

17. The semiconductor device of claim 16, further comprising:

a first interconnect structure formed over a first side of
the encapsulant, the first interconnect structure being
electrically connected to the semiconductor die or component and

vertically oriented integrated capacitor; and
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a second interconnect structure formed over a second side of the

encapsulant opposite the first side of the encapsulant.

18. The semiconductor device of claim 17, wherein the first

interconnect structure comprises an integrated passive device.

19. The semiconductor device of claim 17, further comprising a
second semiconductor die mounted to the first interconnect

structure.

20. A semiconductor device, comprising:

a carrier;

a semiconductor die or component mounted over the carrier;
and

a vertically oriented integrated metal-insulator-metal
(MIM) capacitor disposed over the carrier, wherein an active
surface of the semiconductor die or component is perpendicular
to a first electrode and a second electrode of the vertically
oriented integrated MIM capacitor, the first electrode
comprising a conductive pillar having a cross-section in a plane
that is perpendicular to the active surface of the semiconductor
die or component with a height of the cross-section being

greater than a width of the cross-section.

21. The semiconductor device of claim 20, wherein the second
electrode comprises a conformal conductive layer disposed over

the conductive pillar.
22. The semiconductor device of claim 21, wherein the
vertically oriented integrated metal-insulator-metal (MIM)

capacitor further comprises a conformal insulating layer
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disposed between the conductive pillar and the conformal

conductive layer.

23. A semiconductor device, comprising:

a carrier;

a semiconductor die or component mounted over the carrier;

a vertically oriented integrated metal-insulator-metal
(MIM) capacitor disposed over the carrier, wherein an active
surface of the semiconductor die or component is perpendicular
to a first electrode and a second electrode of the vertically
oriented integrated MIM capacitor;

an encapsulant deposited over the semiconductor die or
component and around the vertically oriented integrated MIM
capacitor;

a first interconnect structure formed over a first side of
the encapsulant, the first interconnect structure being
electrically connected to the semiconductor die or component and
the vertically oriented integrated MIM capacitor; and

a second interconnect structure formed over a second side

of the encapsulant opposite the first side of the encapsulant.
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