SEMICONDUCTOR DEVICE AND METHOD OF FORMING AN INDUCTOR ON POLYMER MATRIX
COMPOSITE SUBSTRATE Field of the Invention The present invention relates in general to
semiconductor devices and, more particularly, to a semiconductor device and method of forming an
inductor over a polymer matrix composite substrate. Background of the Invention

Semiconductor devices are commonly found in modern electronic products. Semiconductor devices
vary in the number and density of electrical components. Discrete semiconductor devices generally
contain one type of electrical component, e.g., light emitting diode (LED), small signal transistor,
resistor, capacitsEMIG¢osDUGraRp DEer CEtaNIXisiE BRODC@Fd rbaMig affect ipnsBi® (MOSFET).
Integrated semiconductor deNiESIHYMERI|IMADREKN COMECSKT® siESTRATEectrical components.
Examples of integrated semiconductor devices include microcontrollers, microprocessors,
charged-coupled devices (CODs), solar cells, and digital micro-mirror devices (DMDSs).

Field of the Invention

The present invention relates in general to
semiconductor devices and, more particularly, to a semiconductor
device and method of forming an inductor over a polymer matrix

composite substrate.

Background of the Invention

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

devices (DMDs) .



Semiconductor devices perform a wide range of functions such as high-speed calculations,
transmitting and receiving electromagnetic signals, controlling electronic devices, transforming sunlight
to electricity, and creating visual projections for television displays. Semiconductor devices are found
in the fields of entertainment, communications, power conversion, networks, computers, and consumer
products. Semiconductor devices are also found in military applications, aviation, automotive, industrial
controllers, and office equipment. Semiconductor devices exploit the electrical properties of
semiconductor materials. The atomic structure of semiconductor material allows its electrical
conductivity to be marsipulatec by the applicatiensofan elteatric fieldder hasejeursent or through the
process af doping. Doping introduces impurities into the semiconductor material to manipulate and
Control 1o CORR 5 TR Sel i TETar ABTaE Lo O s et Rl AR e acive
and passiee electrical streicturesaAotive stradtures, sncladmgrlvipbfan @anelfietd effecttransistors, control

the flow gi.glectrical cuuent: By, varying lgyels of dcocpigg_gggra&p@][ig@t,ir)gQ&agregec&tg%ield or base

current, the transistor either promotes or restricts the flow of electrical current. Passive structures,
including’resistersPeapacitoranand aiductory tfdate dretatictiship beRTesPRoltaFeand current

necessaryte;perform a viasigty; of glectricat funciionss The passive-and, active structures are electrically
connected to form circuits, which enable the semiconductor device to perform high-sopl)eed calculations

and<nhe?ﬂ§@ﬂﬂ¥&%ﬁ&ﬁ%s' power conversion, networks, computers, an
consumer products. Semiconductor devices are also found in

military applications, aviation, automotive, industrial
controllers, and office equipment.

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

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

calculations and other useful functions.



Semiconductor devices are generally manufactured using two complex manufacturing processes, i.e.,
front-end manufacturing, and back-end manufacturing, each involving potentially hundreds of steps.
Front-end manufacturing involves the formation of a plurality of die on the surface of a semiconductor
wafer. Each die is typically identical and contains circuits formed by electrically connecting active and
passive components. Back-end manufacturing involves singulating individual die from the finished
wafer and packaging the die to provide structural support and environmental isolation. One
goal of semiconductor manufacturing is to produce smaller semiconductor devices. Smaller devices
typically consume less pawesrave:bighee pedfermanee canchean be preduced moreefiicienty. In
addition, smaller semiconductor devices have a smaller footprint, which is desirable for smaller end
products. Asmallér die sfflzaenlrhaaﬁ/cb(:f'l achieved %(f/eanSperS\’/eﬁé%fé in the front-end process resulting in
die with smallér tigherrdensity dctize lanenpassive: Cemponents. Backrenchprocessgs may result in
semiconductor, device packages yith,a smaller footpript, by improvements,in electrical jntereannection
and packaging materials. Another goal of semiconductor manufacturing is to produce higher
performdrte demieehdastop Hevicesulirhighvreduehicy applichfions irtrasfadio frequency (RE')

wireless communigations, integrated passiveideviees (D) are pften-containedwithin the
semiconductor device. Examples of IPDs include resistors, capacitors, and inductors. A typical RE'
system reqlirés Riulfipie P B'sSin'oHe 6 mdYe SeRfiCSHdtttor packayesto perform e ssary
electricalfusetions.coe hekuetor is ceaunoalydformed fvet arsactificial substsateifog straetural support.
The sacrificial substrate,is remaved Py a.grinding pr etching pracess after formgtion pf the Inductor.

provide structural support and environmental isolation.

One goal of semiconductor manufacturing is to produce

smaller semiconductor devices. Smaller devices typically

consume less power, have higher performance, and can be produced

more efficiently. In addition, smaller semiconductor devices

have a smaller footprint, which is desirable for smaller end

products. A smaller die size may be achieved by improvements in

the front-end process resulting in die with smaller, higher

density active and passive components. Back-end processes may

result in semiconductor device packages with a smaller footprint

by improvements in electrical interconnection and packaging

materials.

Another goal of semiconductor manufacturing is to

produce higher performance semiconductor devices. 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. The

inductor is commonly formed over a sacrificial substrate for

structural support. The sacrificial substrate is removed by a



The use of the sacrificial substrate adds processing steps, such as grinding and etching, as well as
cost to the manufacturing process. Summary of the Invention A need exists to simplify the
manufacturing process and reduce cost in forming an inductor. Accordingly, in one embodiment, the
present invention is a method of making a semiconductor device comprising the steps of forming a
polymer matrix composite substrate, forming a first insulating layer over a first surface of the polymer
matrix composite substrate, forming a first conductive layer over the first insulating layer, forming a
second insulating layer over the first insulating layer and first conductive layer, forming a second
conductive layer oyes the seeand;insttaiingslayer and fisstreontliictive layes, fofiming asthird insulating

layer ovey the second insulating layer and second conductive layer, removing a potion of he third
msulatlng ayer 10 expose hé second conductive Iayer, anda rorming a oump over e secon

conductive layernding ahvarotther embadiment,lthe present invertticn issaniethod of naking a
semicongg%tgéggyice comprising the steps of forming a molded substrate, forming a first conductive
layer over the molded substrate, forming a first insulating layer over the molded substrate and first
conductive layer, forming a second conductive layer over the first insulating layer and first conductive

layer, forming a second insulating laygspy ey theefinshinstirtialpyar and second conductive layer, and
forming an interconnect structure over the second conductive layer.

A need exists to simplify the manufacturing process
and reduce cost in forming an inductor. Accordingly, in one
embodiment, the present invention is a method of making a
semiconductor device comprising the steps of forming a polymer
matrix composite substrate, forming a first insulating layer
over a first surface of the polymer matrix composite substrate,
forming a first conductive layer over the first insulating
layer, forming a second insulating layer over the first
insulating layer and first conductive layer, forming a second
conductive layer over the second insulating layer and first
conductive layer, forming a third insulating layer over the
second insulating layer and second conductive layer, removing a
portion of the third insulating layer to expose the second
conductive layer, and forming a bump over the second conductive
layer.

In another embodiment, the present invention is a
method of making a semiconductor device comprising the steps of
forming a molded substrate, forming a first conductive layer
over the molded substrate, forming a first insulating layer over
the molded substrate and first conductive layer, forming a
second conductive layer over the first insulating layer and
first conductive layer, forming a second insulating layer over
the first insulating layer and second conductive layer, and

forming an interconnect structure over the second conductive



In another embodiment, the present invention is a method of making a semiconductor device
comprising the steps of forming a polymer matrix composite substrate, forming an inductor over the
polymer matrix composite substrate, and forming an interconnect structure over the inductor.

In another embodiment, the present invention is a semiconductor device comprising a polymer matrix
composite substrate and first conductive layer formed over the polymer matrix composite substrate. A
first insulating layer is formed over the polymer matrix composite substrate and first conductive layer.
A second conductive layer is formed over the first insulating layer and first conductive layer. A second
insulating dayer is formed over the first insulating layer and second conductive layer. An interconnect

structure is formed over the se oenrd corﬂ%lg:tivgr{%yertgrief Descrrligtiorg1 % ;[1 e Drawings FIG. 1

illustrates a PCB with different ypeseoni'l pacﬁgges mounted 16 its 'surfacés ™~ °" 'FIGS. 2a-2¢
illustraterferttheddetailrof the ge presentative denticondector packages. mounted to thesPEB; £

FIGs. 3az3) illustrate 4 pregess of farming ag, [P over a polyrer matrix composite, substrate;
inductor over the polymer matrix composite substrate, and
forming an interconnect structure over the inductor.

In another embodiment, the present invention is a
semiconductor device comprising a polymer matrix composite
substrate and first conductive layer formed over the polymer
matrix composite substrate. A first insulating layer is formed
over the polymer matrix composite substrate and first conductive
layer. A second conductive layer is formed over the first
insulating layer and first conductive layer. A second
insulating layer is formed over the first insulating layer and
second conductive layer. An interconnect structure is formed

over the second conductive layer.
Brief Description of the Drawings

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

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

FIGs. 3a-31 illustrate a process of forming an IPD
over a polymer matrix composite substrate;

FIGs. 4a-4e illustrate another process of forming an
IPD over a planar surface of a polymer matrix composite
substrate;

FIG. 5 illustrates another polymer matrix composite
substrate with an IPD formed over a planar surface;

FIG. 6 illustrates a conductor wound to form an



FIGs. 4a-4e illustrate another process of forming an IPD over a planar surface of a polymer matrix
composite substrate; FIG. 5 illustrates another polymer matrix composite substrate with an
IPD formed over a planar surface; FIG. 6 illustrates a conductor wound to form an inductor; and
FIGs. 7a-7n illustrate a process of forming an inductor over a polymer matrix composite substrate.

inductor; and
FIGs. 7a-7n illustrate a process of forming an

inductor over a polymer matrix composite substrate.

Detailed Description of the Drawings

The present invention is described in one or more
embodiments in the following description with reference to the
figures, in which like numerals represent the same or similar
elements. While the invention is described in terms of the best
mode for achieving the invention’s objectives, it will be
appreciated by those skilled in the art that it is intended to
cover alternatives, modifications, and equivalents as may be
included within the spirit and scope of the invention as defined
by the appended claims and their equivalents as supported by the
following disclosure and drawings.

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

Passive and active components are formed over the
surface of the semiconductor wafer by a series of process steps

including doping, deposition, photolithography, etching, and



Detailed Description of the Drawings The present invention is described in one or more
embodiments in the following description with reference to the figures, in which like numerals
represent the same or similar elements. While the invention is described in terms of the best mode for
achieving the invention's objectives, it will be appreciated by those skilled in the art that it is intended
to cover alternatives, modifications, and equivalents as may be included within the spirit and scope of
the invention as defined by the appended claims and their equivalents as supported by the following
disclosure and drawings. Semiconductor devices are generally manufactured using two
complexgnamnufactingoprocesses: fepnirencbmanefacitmng anddack-end manufacturing. Front-end
manufacturing invglveg the foqzmationloLa péuraﬂty.of die on thﬁ surface of a SEmiQCor]Cductor wafer.
Each die"0n the wafer contains active and paescswelgfé%?ric%?%omapsonle%?s,lvv ich ‘aré ejré)cr%rigarlly
connectethtorform fdnctiosalelectrichkcircuitsn Active etscirioal tohipenerits, suchcas traasistors and
diodes, hayedie.akiity fo sentighine low.of eleqical curent. Passive eleeligal components, such as

capacitors, inductors, résistors, and transformers, create a relationship between voltage and current
necessafy RAFErferft efectical THed ik Pnstipner materpadsive gpdadctivecohpedents are formed

over the syrface of the semigenductonwaler by seres REPLRGEsS SteRs - including deping, deposition,

photolithography, etching, and planarization. Dopingér%troduces_ impurities into the semiconductor
material BY S TiqUes Budh asS6R ihpfantatich of trierhiat diffusion! THe 865ingProEess modifies the
electricalreenductivity of semicaonducterimateriat iRy aetive gevigps stransfoamingthe semiconductor

material gpto an insulator cgnductor, or d;/namically chEQ%ingﬁge semiconductor material conductivity

in responsoé) {0 'an %Ferc?rrllg ISl or Dase GUTTeNt. TransiStors contairn Féalgr}grl\s? %%a}:yci)né) fy(foné%téend

degrees of dopmigrarrangéc: as hecessaryltoanabte thectransistorip promote appestret-therflow of
electrical gurrent Léolo&gggi%pglgcgggn Of the electric field. or base current. Active and passive
by la ' :

components are formed by layers of materials with different electrical properties. The layers can be
formed by a variety of’depositictntéchnrriescterninearih part by I iype shimarrial beinly

depositeg s EQr-example: thindilmcdeposition may.invglve shemical vapor deposition(GVR),physical
vapor deposition (PVD), electrolytic plating, and electroless plating processes. Each layer is generally

patterned %o fGHRBOrtionsof &ttive Conforisiite Sgassive E6MPORBRES dfetéctfidaiidntctions

betweengompenetse type of material being deposited. For example, thin
film deposition may involve chemical vapor deposition (CVD),
physical vapor deposition (PVD), electrolytic plating, and
electroless plating processes. Each layer is generally
patterned to form portions of active components, passive
components, or electrical connections between components.

The layers can be patterned using photolithography,

which involves the deposition of light sensitive material, e.g.,
photoresist, over the layer to be patterned. A pattern is
transferred from a photomask to the photoresist using light.
The portion of the photoresist pattern subjected to light is
removed using a solvent, exposing portions of the underlying
layer to be patterned. The remainder of the photoresist is
removed, leaving behind a patterned layer. Alternatively, some
types of materials are patterned by directly depositing the
material into the areas or voids formed by a previous

deposition/etch process using techniques such as electroless and



The layers can be patterned using photolithography, which involves the deposition of light sensitive
material, e.g., photoresist, over the layer to be patterned. A pattern is transferred from a photomask to
the photoresist using light. The portion of the photoresist pattern subjected to light is removed using a
solvent, exposing portions of the underlying layer to be patterned. The remainder of the photoresist is
removed, leaving behind a patterned layer. Alternatively, some types of materials are patterned by
directly depositing the material into the areas or voids formed by a previous deposition/etch process
using techniques such as electroless and electrolytic plating. Depositing a thin film of material
over an existing patterArcarn exaggerate the underlying pattern and create a non-uniformly flat surface.
A uniformly flat surfacS is req ired to pr ducefsrqaller nd more d;nselgfipacked acti%/e and passive
components. Planarizafis’y 2an be'uded to remova niaterial fromthe SUrface of the warerand produce
a unifornply fla¢ surfaee. Planacizatidre imiodvesypalishingthecsurfacenobthe waten vdthaa polishing pad.

An abrasiye pateral and corgsive chemigal gre added tocthe, sutface of the wafer during polishing.

The combined mechanical action of the abrasive and corrosive action of the chemical removes any
irregular B&pegraphyestiting?inca BAGrnlyTae strfageked acBark-end neaffactairing refers to

cutting or-singylatingsthe finished wafgriinto theindividual die anddhen pagkaging the die for structural
support and environmental isolation. To singulate the die, the wafer is scored and broken along

non-functidalfregicicorthetWareY thficd 33 SFEEEOF stribBs I PRE Wwafdr R sifgdatécfusing a laser
cutting taal ©f savwzbladenAftet singutation] the individual dieare saouttedite aspackageisubsirate that

includes Ci)q_sig%contact gads Ror i%erconnection with oiher sa/stcem componer]?t(s. Con?gte %)ads formed

1 agl.. rasive terl an (@) O0sSlve chemlcC are .
over the 88micondittbrdie are'then connected to contact pads Within theé package. ectrical

connectiedsiedanthe m}aeles_vuiﬂf soled(_aof?umps,@mbumpsingn@@dm@paae,_ orTWéafel:_)onds. An
encapsulant.or other majding 8};?1‘9@%%'%&?p&?”%&"%%esE@%k%%edt%%@%dsei%y%ﬁiswpO” and

electrical isolation. The finished package is then inserted into an electrical system a e functionality
of the sefficéiductbraiéviee i Aziecavalable (o e dther syBent eBmponentsilting in a

uniformly flat surface.

Back-end manufacturing refers to cutting or
singulating the finished wafer into the individual die and then
packaging the die for structural support and environmental
isolation. To singulate the die, the wafer is scored and broken
along non-functional regions of the wafer called saw streets or
scribes. The wafer is singulated using a laser cutting tool or
saw blade. After singulation, the individual die are mounted to
a package substrate that includes pins or contact pads for
interconnection with other system components. Contact pads
formed over the semiconductor die are then connected to contact
pads within the package. The electrical connections can be made
with solder bumps, stud bumps, conductive paste, or wirebonds.
An encapsulant or other molding material is deposited over the
package to provide physical support and electrical isolation.
The finished package is then inserted into an electrical system
and the functionality of the semiconductor device is made
available to the other system components.

FIG. 1 illustrates electronic device 50 having a chip



FIG. 1 illustrates electronic device 50 having a chip carrier substrate or printed circuit board (PCB) 52
with a plurality of semiconductor packages mounted on its surface. Electronic device 50 may have one
type of semiconductor package, or multiple types of semiconductor packages, depending on the
application. The different types of semiconductor packages are shown in FIG. 1 for purposes of
illustration. Electronic device 50 may be a stand-alone system that uses the semiconductor
packages to perform one or more electrical functions. Alternatively, electronic device 50 may be a
subcomponent of a larger system. For example, electronic device 50 may be a graphics card, network
interfaceccard i et-otheb stgrat processincheard that ean bedaseded iap)a eemputer. Ihe
semicondlgctor J;[)acka%% can includ% 1Erg:i%ro roceisors, memonrjcesdl a(tig)gl_iciattison sp%cif(i:ce integrated

circuits (B\ 'lléja i

1t emicgn e) es, mqu surta .. .
ogl% cireuits, anaﬂog circtits HREGircuits, discrete devices, or othér semiconductor die
or electrigdkecomponentdevice 50n G, hpPEB5S2 provides & generabsubstiate forstkuctaral support

and electrica) Inferconnect of the sernicondugior pagka %%H&%‘HE‘?" Q84bs BGB- Gendygtive signal

traces 54 are formed over a surface or within layers of PCB 52 using evaporation, electrolytic plating,

electroles®platitR): sereen pristirt of Vthersditabte nidtabdepesitioh prstes’a Skgiet trates 54

provide for, glgetrical epmmunication between eaeh of the segigepductor packages, mounted
components, and other external system components. Traces 54 also provide power and ground

connections to each of & S&McondiitYoriFackagBsy Pe 2 fif 88mie dibBEdii&its™a seficonductor
device has &wo prackagingdevielscEisst levekpackaging isea technigue farrmeehanically and electrically
attaching the semiconduglor die o an intermediate carrier. Second Ievel packaging jpvolves

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

device 50 may be a graphics card, network interface card, or

other signal processing card that can be inserted into a

computer. The semiconductor package can include

microprocessors, memories, application specific integrated

circuits (ASIC), logic circuits, analog circuits, RF circuits,

discrete devices, or other semiconductor die or electrical

components.

In FIG. 1, PCB 52 provides a general substrate for
structural support and electrical interconnect of the
semiconductor packages mounted on the PCB. Conductive signal
traces 54 are formed over a surface or within layers of PCB 52
using evaporation, electrolytic plating, electroless plating,
screen printing, or other suitable metal deposition process.
Signal traces 54 provide for electrical communication between
each of the semiconductor packages, mounted components, and
other external system components. Traces 54 also provide power
and ground connections to each of the semiconductor packages.

In some embodiments, a semiconductor device has two
packaging levels. First level packaging is a technique for
mechanically and electrically attaching the semiconductor die to

an intermediate carrier. Second level packaging involves



mechanically and electrically attaching the intermediate carrier to the PCB. In other embodiments, a
semiconductor device may only have the first level packaging where the die is mechanically and
electrically mounted directly to the PCB. For the purpose of illustration, several types of first
level packaging, including wire bond package 56 and flip chip 58, are shown on PCB 52. Additionally,
several types of second level packaging, including ball grid array (EGA) 60, bump chip carrier (BCC)
62, dual in-line package (DIP) 64, land grid array (LGA) 66, multi-chip module (MOM) 68, quad flat
non-leaded package (QFN) 70, and quad flat package 72, are shown mounted on PCB 52. Depending
upon thensystemireguirememts, Anyceambnation of sericonducter packages; Cantiguredrwith any
combina;cion of firéEg gd s%crg)ngtlﬁzvel pa%kgl ilr;%sgiles, as well as oéklllertelecgce)[}ic components, can be

connected’ tot|]38: In somé embodiments; electrénic device 50 includes a smlgﬁee atta¢hed

semic_o_ndudtprpavleagéxamlﬁ!ﬁecemekeemliodimmttakhfmhauttiptélmteht@nmected packages. By
combining ong of E%‘{f g semigonductor P?gﬁ%e%\ﬁ%&%é'”&i% substrate, mapuiaetyrers can

incorporate pre-made components into electronic devices and systems. Because the semiconductor
packages include sophigticaieel RRERGRAtY felecttoriediceys catbemanifaetied using cheaper

components andia steaplined MmanufacturingprocessEhe resulting deyices areg lesselikgly to fail and
less expensive to manufacture resultin%n a lower cost for consumers. FIGs. 2a-2c show

exemplaffsEmitonditforPkages. EiG ¢ illusfrafbstinther HétaifsrisiP64 ndGedon PCB 52.
Semicongaetatdie #4dncludes aniactiveiregionicontaiing agalog er-digital @mujtsamplemepted as

cclive et RIS e, o yers ane el Bt 0TES YU e and e
array (LGA) 66, multi-chip module (MCM) 68, quad flat non-leaded
package (QFN) 70, and quad flat package 72, are shown mounted on
PCB 52. Depending upon the system requirements, any combination
of semiconductor packages, configured with any combination of
first and second level packaging styles, as well as other
electronic components, can be connected to PCB 52. In some
embodiments, electronic device 50 includes a single attached
semiconductor package, while other embodiments call for multiple
interconnected packages. By combining one or more semiconductor
packages over a single substrate, manufacturers can incorporate
pre-made components into electronic devices and systems.

Because the semiconductor packages include sophisticated
functionality, electronic devices can be manufactured using
cheaper components and a streamlined manufacturing process. The
resulting devices are less likely to fail and less expensive to
manufacture resulting in a lower cost for consumers.

FIGs. 2a-2c show exemplary semiconductor packages.
FIG. 2a illustrates further detail of DIP 64 mounted on PCB 52.
Semiconductor die 74 includes an active region containing analog
or digital circuits implemented as active devices, passive
devices, conductive layers, and dielectric layers formed within

the die and are electrically interconnected according to the

-10-



electrical design of the die. For example, the circuit may include one or more transistors, diodes,
inductors, capacitors, resistors, and other circuit elements formed within the active region of
semiconductor die 74. Contact pads 76 are one or more layers of conductive material, such as
aluminum (Al), copper (Cu), tin (Sn), nickel (Ni), gold (Au), or silver (Ag), and are electrically connected
to the circuit elements formed within semiconductor die 74. During assembly of DIP 64, semiconductor
die 74 is mounted to an intermediate carrier 78 using a gold-silicon eutectic layer or adhesive material
such as thermal epoxy or epoxy resin. The package body Includes an insulative packaging material
such as polyaeriof £eramic. fzonducioeleads 80 and wiredaends, 82 peovide elgatriealinterconnect

between semicanduetor die 74 and.ECB .52, Encapsylant b4 s deposited over the package for
environmenciaflproteéhon by preventfing MoistUre 4n par icies from en ering the %acl%age ahd
contaminatmgsdie 74, oewite omnets 82.rcuit Elemzbtllustrates furthigridetait bEB&G 629nounted on
PCB 52. Semiconductor die. 88 i, mounted over carrier 30.using apunderfill or epoxy-regin,adhesive

material 92" Wire bonds 94 provide first level packaging Interconnect between contact pads 96 and 98.
Molding éanpotingfor&titdipstifant 108t depositéd 6Vep Semicohtiietor die 88 &vPRMmE bonds 94 to

provide physjcal suppedand elecirical igelationfor the gyice, ContactPadsrll2 are formed over a
surface of PCB 52 using a suitable metal deposition process such as electrolytic plating or electroless

plating t&pfévent oxidatioR CEBRtEE pads 10 are elebtricafly TBRREStedtb bite 8riotE conductive
signal tracesisdb iR CBo22 Bumps 104parei fosmedfetweencontact pags 32 nf BECI62w@and contact
pads 102 of ngﬁ 2. In FIG. 2¢, semiconductor die.58 is mounted face down to intermggiate carrier
106 with alfﬁp o i|ol %tyrpé) firseTeve %a%ﬂaéfﬁg?ﬂ%ﬁvé ?eéa’loﬁal]b%loef semicondtito? die 58 contains
analog os digitab cireuitssmplemented asractiveaevicesypassive ldevices, conduetiveslayers, and

dielectriclayers formed aceording o the. electiical design, of the. die, Fot example, the cirguit may
Include one or more transistors, diodes, Inductors, Capacitors, resistors, and other circuit elements
within achiv€tegibndl 08 Semicbnductor die B8 igBRetticallyaird irechanicadly conheddtd carrier

106 through bymRSi3L0.ponds 82 provide electrical interconnect between
semiconductor die 74 and PCB 52. Encapsulant 84 is deposited
over the package for environmental protection by preventing
moisture and particles from entering the package and
contaminating die 74 or wire bonds 82.

FIG. 2b illustrates further detail of BCC 62 mounted
on PCB 52. Semiconductor die 88 is mounted over carrier 90
using an underfill or epoxy-resin adhesive material 92. Wire
bonds 94 provide first level packaging interconnect between
contact pads 96 and 98. Molding compound or encapsulant 100 is
deposited over semiconductor die 88 and wire bonds 94 to provide
physical support and electrical isolation for the device.
Contact pads 102 are formed over a surface of PCB 52 using a
suitable metal deposition process such as electrolytic plating
or electroless plating to prevent oxidation. Contact pads 102
are electrically connected to one or more conductive signal
traces 54 in PCB 52. Bumps 104 are formed between contact pads
98 of BCC 62 and contact pads 102 of PCB 52.

In FIG. 2c, semiconductor die 58 is mounted face down

-11-



EGA 60 is electrically and mechanically connected to PCB 52 with a EGA style second level
packaging using bumps 112. Semiconductor die 58 is electrically connected to conductive signal
traces 54 in PCB 52 through bumps 110, signal lines 114, and bumps 112. A molding compound or
encapsulant 116 is deposited over semiconductor die 58 and carrier 106 to provide physical support
and electrical isolation for the device. The flip chip semiconductor device provides a short electrical
conduction path from the active devices on semiconductor die 58 to conduction tracks on PCB 52 in
order to reduce signal propagation distance, lower capacitance, and Improve overall circuit
performangei it apather embaodiment the semiconductor die 58 candeymechanically @ndielectrically
connected directly to PCE %2 usin]g flip chiplgté/le tﬁirst level gagka%infg v(\éithOLgéntermediate carrier 106.
FIGs. 3aE3T iiftdtrate; in rélation to F1GS. 1 and 2a-28, a b?o@es%cofo ormeneg ah IPDStflictire over a
polymer aratfix compasite; for lexample epoxynmoéklirg.cempaand {EME) sebstrate., In FIG. 3a, a
chase mgld.120 has upper. plate J,29a.and lower.plate 1200, 4 releasable ape J22.s applied to upper
plate 120a of chase mold 120. An optional metal carrier 124 is mounted to lower plate 120b. Carrier
124 can afserBé siligon O polyimer. polymerdompositd, cdrafi€ glass, glass epsrybetyllithfoxide,
tape, or gther suitable.Jowrcostqrgidpaterial farstructural suppart. Gawierd.24;¢can beseysable in the
manufacturing process. Alternatively, carrier 124 can be only one time usable, such as supporting tape
and plasfieiAér: Wreleasavle 140 12638 Applied To caniet 124 14per 22 ¥hdos detreléasable by
mechaniealardhenmal. pressuiie; / taminatedifibn 128is feymed everreleasable tape 126. The film 128
can be metal, such as Cu and Al, or other electric condyctive material with optional priming for better
adhesion Wit aennlc%asjgﬁFén?i%ﬁ?i%eé%gnoarce%rﬁﬁ is grb:)%/i}glar bt Eleci'k?lufjn]gﬁer%glglfe 120a and lower
plate 120b to dispens@@hcapsulantimatenalcally aiml FGcBbnarehtapsulantmiaterialor molding
compoung 32 is dispensed intoArea L 30, betwes ypper plate 4208 anct lowar piate 1206, using
compressive molding, transfer molding, liquid encapsulant molding, or other Suitable applicator.
Encapsuf@it U32ehirbea buwid Sgrahtilet | 6F powder fornt Orsheiet fork? of palyrter ‘composite
material, such-as epaxy tesin with filles, epoxphacrylate withfiller; ar palymer with peaper filler from
40% up to 95% content. When cured and removed from mold chase 120, encapsulant 132 forms an
polymer fiktrik eBRHosite substrate Wafer GrPaetIB43Kits Taninated fifm 128, 4§ shown in FIG. 3c.
Alternativelyclaminatiern fikm d28icasnerner dhe dulk surdace of substiate 113% The poelymedsnatrix

compositehsusbisctgafe 134 rg)ars hi Q es'séigié , iltc)gvlloss t%régce,néh Io]\_gvoerr dg?jlgct gvciocnsyantnge_ff_icient of
thermal &xpansion (CTEY fatching the overlaying 1P strlictare, ahd §ood éhermeﬁ conducCtivity.
In FIG. 34d] fitm dayigr 128nis pattdrned andeetéched to provide adfirsheornductive layierall28a-128c, as well
aStOfongonduction path from the active devices on semiconductor die 58

to conduction tracks on PCB 52 in order to reduce signal

propagation distance, lower capacitance, and improve overall

circuit performance. In another embodiment, the semiconductor

die 58 can be mechanically and electrically connected directly

to PCB 52 using flip chip style first level packaging without

intermediate carrier 106.

FIGs. 3a-31 illustrate, in relation to FIGs. 1 and 2a-

2c, a process of forming an IPD structure over a polymer matrix

composite, for example epoxy molding compound (EMC) substrate.

In FIG. 3a, a chase mold 120 has upper plate 120a and lower

plate 120b. A releasable tape 122 is applied to upper plate

120a of chase mold 120. An optional metal carrier 124 is

mounted to lower plate 120b. Carrier 124 can also be silicon,
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an indentation or shallow cavity 136 with surface 138 in polymer matrix composite substrate 134.
Cavity 136 is optional with film layer 128 fully covering the surface of panel 134. The individual
portions of conductive layer 128a-128c can be electrically common or electrically isolated depending
on the connectivity of the individual semiconductor die. In FIG. 3e, an optional planarization
insulating layer 142 can be formed over polymer matrix composite substrate 134 and conductive layer
128 as one or more layers of silicon dioxide (5i02), silicon nitride (Si3N4), silicon oxynitride (SION),
tantalum pentoxide (Ta205), aluminum oxide (Al203), polyimide, benzocyclobutene (BCE),
polybenzexazales, (2&0) YWMHRR cormpiber suitakledialeetricgmatesial cespeciallygpelymer photosensitive
dielectric%gmat rials. The in ulatjcn%)lgyer 14% serves to.pﬁlggi\reiz the surf%ce of %ﬂgmer matrix

p

Composi e substrate 134 after re O\Ang? faminated filna ar |§IY§/_iCnOoSrdér to prove step coverage

of subseq_aeﬁtrd_@{jos‘itimn andmmgiaphy@pming §l@p§ié\tteﬁrieétivem irhwlat_m_zgs Hyee 142 can be
used as diclecti for IPD s capagiior component, as deserbed below. The remaining, IR structure
described in FIG. 3f-3i is shown without optional planarization’layer 142. In FIG. 3f, an optional
resistive tayef 1A6isTorified vt eonductivellayer PP ahdsurfare B3B8l oPsalsstiate 48%4egsing PVD,

CVD, or gthersuitable; depasition process, in,one gmbodiment Jesistive layer;l46 can befantalum
silicide (TaxSiy) or other metal silicides, TaN, nickel chromium (NiCr), titanium (Ti), titanium nitride
(TiN), titdrfGnPtRgsterFErian L 6r B8p8E poR-LiiEdn RavingsE FesistRityetiveen 5'and 100 ohm/sq.
An ir)sulalmgiaradi@&ecfriqiayez 4484s formed overtesistivedayern 246 asngipatterningswith 2vD, CVD,
prlntlng’128 can be metal, such as Cu and Al, or other electric
conductive material with optional priming for better adhesion
with encapsulant 132. An open area 130 is provided between
upper plate 120a and lower plate 120b to dispense encapsulant
material.

In FIG. 3b, an encapsulant material or molding
compound 132 is dispensed into area 130, between upper plate
120a and lower plate 120b, using compressive molding, transfer
molding, liquid encapsulant molding, or other suitable
applicator. Encapsulant 132 can be a liquid, granular, or
powder form, or sheet form of polymer composite material, such
as epoxy resin with filler, epoxy acrylate with filler, or
polymer with proper filler from 40% up to 95% content. When
cured and removed from mold chase 120, encapsulant 132 forms an
polymer matrix composite substrate wafer or panel 134 with
laminated film 128, as shown in FIG. 3c. Alternatively,
lamination film 128 can cover the full surface of substrate 134.
The polymer matrix composite substrate 134 has high resistivity,
low loss tangent, lower dielectric constant, coefficient of
thermal expansion (CTE) matching the overlaying IPD structure,
and good thermal conductivity.

In FIG. 3d, film layer 128 is patterned and etched to

provide a first conductive layer 128a-128c, as well as to form
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sintering, or thermal oxidation. The insulating layer 148 can be one or more layers of 5i02, Si3N4,
SION, Ta205, Al203, polyimide, BCE, PEO, or other suitable dielectric material. The overlapping
between conductive layer 128a, resistive layer 146, and insulating layer 148 can have other
embodiment. For example, resistive layer 146 can be fully inside conductive layer 128a. In
FIG. 3g, an insulating or passivation layer 150 is formed over conductive layer 128, resistive layer 146,
and insulating layer 148 using spin coating, PVD, CVD, printing, sintering, or thermal oxidation. The
insulating layer 150 can be one or more layers of 5i02, Si3N4, SiON, Ta205, Al203, polyimide, BCE,
PEO, WRR, onetherdnatefiabhaying suitablesinsulatingeand: stiuctural prepedies; espediaty: polymer

photo sensitive dielectric m%terlal%SAE po tio gf4|nsul tlggtlgyﬁrﬁjgw is remaved tlo ech(ﬁ{Se conductive

layer 128, Fe5istive TAVer 146, and insulating Tayer 148 FIG. 3R-aR stectfidally conductive

Iayer 15Z iislft_nrmegeavekta)nﬂu&tl\ye layefﬂQBginslmdatmléyes 248 maddb0] aﬁd reSistive layer 146
using paftgring with,PYD, CVD, sputtering, electiolytic plaging glectroless plating process, or other

suitable metal deposition process to form individual portions or sections 152a-152j. Conductive layer
152 can béHerarmbte |58 of APTCE ISAINE 7o 1Ay, TR OFvI6r ot Raitablesleétrically

conductive material, The individual portionsseigonductive layerla2asla2) can be electrically common
or electrically isolated depending on the connectivity of the individual semiconductor die. An

insulating or passivatiof 1Y€t 15:Fis BFmel ob/el fsubatiftfiayér 156 ant SOhidtictiVe 1dyer°i52 using
spin coating, RYP, €V gpiting, sitetng yardhermalaxidatano I hednsulsting dayer 154 can be one
or more Iaxgrs of 5i02 SiBNﬁ, SiON, 'E 205, Al203, ol%imide BCE, PBC, or. gther material having

a n a 1 % 111

suitable msula?l%g anc %‘Efﬁcturé’leprroper ies” egﬁeecig y p8f§/?néraﬁlheo]:[8 sensitive dieléctric materials. A
portion oflinsulating(layer 154 ss temoved t¢ exgose oAdddtiveslayerdb2oxynitride

(SiON), tantalum pentoxide (Ta205), aluminum oxide (A1203),
polyimide, benzocyclobutene (BCB), polybenzoxazoles (PBO), WPR,
or other suitable dielectric material, especially polymer
photosensitive dielectric materials. The insulating layer 142
serves to planarize the surface of polymer matrix composite
substrate 134 after removing laminated film 128 partially in
order to improve step coverage of subsequent deposition and
lithography processing steps. Alternatively, insulating layer
142 can be used as dielectric for IPD’s capacitor component, as
described below. The remaining IPD structure described in FIG.
3f-31i is shown without optional planarization layer 142.

In FIG. 3f, an optional resistive layer 146 is formed
over conductive layer 128a and surface 138 of substrate 134
using PVD, CVD, or other suitable deposition process. In one
embodiment, resistive layer 146 can be tantalum silicide
(TaxSiy) or other metal silicides, TaN, nickel chromium (NiCr),
titanium (Ti), titanium nitride (TiN), titanium tungsten (TiW),
or doped poly-silicon having a resistivity between 5 and 100
ohm/sq.

An insulating or dielectric layer 148 is formed over

resistive layer 146 using patterning with PVD, CVD, printing,
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In FIG. 3i, an optional electrically conductive layer 156 is formed over conductive layer 152c using
PVD, CVD, sputtering, electrolytic plating, electroless plating process, or other suitable metal
deposition process. Conductive layer 156 can be one or more layers of Ti, TiW, NiV, Cr, CrCu, Al, Cu,
Sn, Ni, Au, Ag, or other suitable electrically conductive material. In one embodiment, conductive layer
156 is an under bump metallization (UBM) containing a multi-layer metal stack with an adhesion layer,
barrier layer, and seed or wetting layer. The adhesion layer is formed over conductive layer 152¢ and
can be Ti, TiN, TiW, Al, or chromium (Cr). The barrier layer is formed over the adhesion layer and can
be Ni, nickel vanadigm ¢{Ni\Oh platinum R apaltadiumIiPe) i Tivv,1ercahrenlivgecoppes (€56u). The
barrier layer inhibits the diffusion of Cu jntg the active area of die. seed layer can be Cu, Ni,
NiV, Au, of Al ' Thé rserélaJfaeyefr‘—’llg formet 0\glérB gfe bgalr?ﬂg?ﬁ Iay%lrggqer;’d al%tggg’arﬁ in §r%r(ﬁediate conductive
layer betweenicortictiB€ fayetBlh2coand stbsequent Solderdiumips or dtherdanterderinect Breicture.
UBM 156 provides 2 lgwiesislive inisreanaect Lo gggdyctivgdayer 133¢, as,welh asa bayier to solder
diffusion and seed layer for solder wettability. An electrically conductive bump material is
deposited et UBMAIE6 dsihg Eievaiforaadn heléetrolytie plaitee diatrvless plating, ball drop, or
screen pgnting pLocesss Theskump materiahgan be Ale Shu N, AYAGRD Bih &tk Splder, and
combinations thereof, with an optional flux solution. For example, the bump material can be eutectic
Sn/Pb, h?gal'ﬁl%%dls%ﬁ&er, or lead-free solder. The bump material is bonded to UBM 156 using a suitable
attachment or bonding pracess. Byoneembediment,hedunp materalisteflawed bysheating the

material gbove CiiFs meltin%)oént to form ngheric I %alls or buf%ﬁ\?i 158. In EO@&ap%lir?gtions, bumps 158

are reflowdd'a Second timer}ol’llrcnib%g\?e é eCtrica %ohtarc? o 156 1Te bumps can also be

compressiosendeditoldBM 156 SBumipsgl 58 fepresentione typéef inteércopmecttsirugiure that can be
formed oyes UM, 456. Jheplergaanedsigiclure can-alsoyse,hand wires, candycfiye aste, stud
bump, micro bump, or other electrical Interconnect. For example, bond wire 160 is formed over
conductive |&@s 152]more  Laperstrgdturesdescribeddin FIGeY 3c 31 eonstidteOa plurality of passive

circuit elements,ouPDgdB2. sene grbodiment conductive layerlL8ay fesistiveslgyer 146, insulating
layer 148, and conductive layer 152a is a metal insulator metal (MIM) capacitor. Resistive layer 146

between cotidtitive tayet 4 52cTaHd ¥52d iS4 PESiSor EtemBAPmthe pas sk &iféifit. SHetindividual

sections ©f conductiveilayee $52d-d1 524 ean herwound of €eiledin planrviewtotpreguce ws.exhibit the

desired plrggeritlses of an In ugtor. }I{PD 162 can have any comblnfi\ti%n of gggaslcﬂors, resistors, and/or

inductors. LIBTS strictire 162 providss electricalHaraétetislics ne&dds farigh frequency
applications, ,suchdasi resohatarsghighypasslfilters, low-pass filters, band-pass filters, symmetric HI-Q

resonant transformers, I[{ﬂ@lﬁ?i .ngﬁle,twglrlksé laenéit@ d{] gggﬁ@p%cé]@é%. C‘Eq%éP Q%&gj@ bl%%s%% as front-end

wireless RF components, which can be positioned between the antenna and transceiver. The inductor
can be aflfix@¢Algyer conductive layer 128, insulating layers 148 and 150,

and resistive layer 146 using patterning with PVD, CVD,
sputtering, electrolytic plating, electroless plating process,
or other suitable metal deposition process to form individual
portions or sections 152a-1527j. Conductive layer 152 can be one
or more layers of Al, Cu, Sn, Ni, Au, Ag, Ti, TiW, or other
suitable electrically conductive material. The individual
portions of conductive layer 152a-1527 can be electrically
common or electrically isolated depending on the connectivity of
the individual semiconductor die.

An insulating or passivation layer 154 is formed over
insulating layer 150 and conductive layer 152 using spin

coating, PVD, CVD, printing, sintering, or thermal oxidation.
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transformer, or coil, operating up to 100 Gigahertz. In some applications, multiple baluns are formed
over a same substrate, allowing multi-band operation. For example, two or more baluns are used in a
guad-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 RE' system requires
multiple IPDs and other high frequency circuits in one or more semiconductor packages to perform the
necessary electrical functions. Conductive layer 152] can be a ground plane for the IPD structure.

The IPD structure 162 formed over polymer matrix composite substrate 134 simplifies the
manufacturingi process ang regiiees Tost. Amoptional demporaryearichretisabler metalcarrier is used to
build the artificial molding co und %er or panel. The palymer matrix composite substrate 134
providesﬁg erésirsé,]tjf\é Y, Iof\:/\a/L oss’tgzﬁb\%ﬁ ,’Io@%fé’lé%tlr%edor% gﬁt, éngeﬁéhi%]é (# With the IPD structure,
and good#tiermiad conductivitys uitablEIGssAd-4eilusteate, intrelationte FiSsodeartd 2a-,2¢, another
process gtforing ap IERusuiurs,ever 3 abypar/palfbecamppsite gL EMG spbstraje. In FIC. 4a, a
chase mold 170 has upper plate 170a and lower plate 170b. A releasable tape 172 is applied to upper
plate 1706t éaseinold 17b2Alreteasabie tabetl 74 withisptrshal adREsive prepediestis pplied to
lower platg 140b; Tape 172 and 174 are releasable by mechanical or thermal pressure. An
encapsulant or molding compound 176 is dispensed into the open area between upper plate 170a and
lower plate 170b usin %oﬁﬁgesﬁv‘/e NSId L Hrandferbiafy, fighid e ACARUTAtTROIAG or other
suitable applicators Eneapsulant 176:cande adiquids;cgranselas, arspewder/foymoafopolymer composite
material, such as epoxy resin with filler, epaxy acrylate with filler, or polymer with proper filler from
40% up 'S5 Contdrt, WG £CroH A5c Fartovad from mofh Ehase F70. eHedpLiant 176 forms a
polymer nratrix tempositesubstrate waferegraparnel 47 8 asshosvn indehl wiy. e pelymer matrix
composite-substrate e’L7§n@asogigfporggisiig%,rlgwolgs% tangent, lower di%lgctr'@rqust%qt, CJd.E matching
the overlaying IPD structure, and good thermal conductivity. An optional insulation; layer 180°can be
formed over pBlymeérmatii compesite substiatell s a3 prardrization 1&peywitt §Bed insulation

propertiegaterial IN FG. 4acanglectrically.conductive faygr 182 is.formed pye intgraee and
insulation layer 180 on substrate 178 using patterning with PVD, CVD, sputtering, electrolytic plating,
electroleS8 Pratifytprotess Hrodthé Stitanla thétal 4epositidh Procesy/ o fofmtiAdivitit ortions or
sections 182a- 182G Qendustive dgyer, 182.ean be ane,er-mosedayess Of M, GucSandi, Au, Ag, Ti,
TiW, TiNjL or other St itabledﬁlectricalq conductivef material, with Ti, TiC!l\l, or.Tiw as an aql?j%sive or
barrier layer."The individaal portidns of €onductive layer 182 anbe electrically cohimor of electrically

isolated dependinglon the,caninectiVityof &k, individuel seimicoriduotor dighe barrier

layer is formed over the adhesion layer and can be Ni, nickel

vanadium (NiV), platinum (Pt), palladium (Pd), TiW, or chromium
copper (CrCu). The barrier layer inhibits the diffusion of Cu
into the active area of the die. The seed layer can be Cu, Ni,
NiV, Au, or Al. The seed layer is formed over the barrier layer

and acts as an intermediate conductive layer between conductive
layer 152c and subsequent solder bumps or other interconnect
structure. UBM 156 provides a low resistive interconnect to
conductive layer 152c, as well as a barrier to solder diffusion
and seed layer for solder wettability.

An electrically conductive bump material is deposited
over UBM 156 using an evaporation, electrolytic plating,
electroless plating, ball drop, or screen printing process. The

bump material can be Al, Sn, Ni, Au, Ag, Pb, Bi, Cu, solder, and
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An optional resistive layer 184 is formed over conductive layer 182a and interface layer 180 of
substrate 178 using PVD, CVD, or other suitable deposition process. In one embodiment, resistive
layer 184 can be TaxSiy or other metal silicides, TaN, NiCr, Ti, TiN, TiW, or doped poly-silicon having
a resistivity between 5 and 100 ohm/sq. An insulating or dielectric layer 186 is formed over
resistive layer 184 using patterning with PVD, CVD, printing, sintering, or thermal oxidation. The
insulating layer 186 can be one or more layers of 5102, Si3N4, SiON, Ta205, Al203, polyimide, BCE,
PEO, or other suitable dielectric material. An insulating or passivation layer 188 is formed over
conductivetayef 182 resistive-layer 184+ and insipating kyer 186 using: spisncoatingy PVD, CVD,
printing, sintering, or thermal oxidation. The insulating layer 188 can he one or mare layers of Si02,
SiaNa SR 505, RO FBNGe BOE PG WEH o ot At B al Haing Sable insulating
and structotalgpropertiescespdaiakly polydwer photb sehsitiverdiglectriclmateriadside portiorygtinsulating

layer 188 is-remqyed 10 expqse Ganductiye, laver, 182, rasistive layer 184, and ingulaging layer 186.

In FIG. 4d, an electrically conductive layer 190 is formed over conductive layer 182, insulating layers
186 and 4'88PdndlvasistiVé fayerB4AmiRG patteirfing WitkPPVD, 'V D esputtering; @lectrolytic plating,

electrolegs platingiprogess, arathgr suitable gnetal deposition pregess: toform4ndiyvidyal portions or
sections 190a-190j. Conductive layer 190 can be one or more layers of Al, Cu, Sn, Ni, Au, Ag, Ti, TiW,

TiN, or ofiEtRUithbfe eletlticiMy CoMdBiLtve miterial, WRPH, TN, GRW 85 Hi"&Ghésive or barrier
layer. Thedndividuai pertiensi efcenducive dayercki0a-190jcan be elentrically. common-emnelectrically
isolated depending an the connectivity of the individu icanductor die. An insulating or
passivati%%giaﬁgrsgg%les form rd%v%ﬁ%su 8&&? gayté? f@i’ﬁ(ﬁ %dnd%&%ﬁa;l/éﬁﬁG %E%Sgeéﬁn coating,
PVD, Cviyeprinting, sintering ardhesmal exidaticrurEhe insulating layerf 29edndecon&Brmore layers

of 5102, Sigpl4, SION, Jﬁ@&?aéﬁ%%3ctp°é>€@ﬂ!i‘|%%%%5cEE%&‘Q’E Ry Qi maferial having suitable

insulating and structural properties, especially polymer photo sensitive dielectric ma'_lterials. A portion of
insulating P A0S reffoved tdteiposeondiietive Iayerdooer other electrical

interconnect. For example, bond wire 160 is formed over
conductive layer 1527.

The structures described in FIGs. 3c—-31 constitute a
plurality of passive circuit elements or IPDs 162. In one
embodiment, conductive layer 128a, resistive layer 146,
insulating layer 148, and conductive layer 152a is a metal
insulator metal (MIM) capacitor. Resistive layer 146 between
conductive layer 152c and 152d is a resistor element in the
passive circuit. The individual sections of conductive layer
152d-1521 can be wound or coiled in plan-view to produce or
exhibit the desired properties of an inductor. IPD 162 can have
any combination of capacitors, resistors, and/or inductors.

The IPD structure 162 provides electrical
characteristics needed for high frequency applications, such as
resonators, high-pass filters, low-pass filters, band-pass
filters, symmetric Hi-Q resonant transformers, matching
networks, and tuning capacitors. The IPDs can be used as front-
end wireless RF components, which can be positioned between the

antenna and transceiver. The inductor can be a hi-Q balun,
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In FIG. 4e, an electrically conductive layer 194 is formed over conductive layer 190c using PVD, CVD,
sputtering, electrolytic plating, electroless plating process, or other suitable metal deposition process.
Conductive layer 194 can be one or more layers of Ti, TIW, NIV, Cr, CrCu, Al, Cu, Sn, Ni, Au, Ag, or
other suitable electrically conductive material. In one embodiment, conductive layer 194 is a UBM
containing a multi-layer metal stack with an adhesion layer, barrier layer, and seed or wetting layer.
The adhesion layer is formed over conductive layer 190c and can be Ti, TIN, TIW, Al, or Cr. The
barrier layer is formed over the adhesion layer and can be Ni, NIV, Pt, Pd, TIW, or CrCu. The barrier
layer inhibitsribe gliffidsion of Cebinig theraetivel argasef the die.oTlwe gerddayer cambe &ws Ni, NIV, Au,
or Al. The seed Ia)éer IS formeqto.\/?;L th%b?rrier Ialéer afnd actg as an intermediate gogdug:ctive layer
between conductive ?a{lyse’r 190¢ are Eubsaeqlb%snt %o%er%ﬂ%eps or 6thet interconnect structure. UBM
194 providesoa low resistive-lrtertonpecttolcondudiive layemtS0c, aswelbasrecbarries toiselder
diffusion a0d seahlayer for selderRiatY. rop 1 1 Apiadiucaly conductyedium Juatedl is
deposited over UBM 194 using an evaporation, electrolytic plating, electroless plating, ball drop, or
screen pfifting Prdcess THE brRpHateral éan be Aash, R l1AG, AgPsaBE €W Sblder, and
combinations;thereof, withsan epfgpaliiuxsolytion nEorexample, the bymp-material ganbe eutectic
Sn/Pb, high-lead solder, or lead-free solder. The bump material is bonded to UBM 194 using a suitable
attachmétit 6 360rting protesss Il Yné Erisodifent, the BUms mateAal iSTefld®ed by heating the
material abeve its 4nelting pointtodery spherieahballscer-bywnps d96s Ir somerapplicatinns, bumps 196
are reflowed a second time to .img ove eleé:trical con ctéo UtB.M 1914. The q%rElgs can also be
compresg%%eﬁosr?dfé’d f6-OBM 164: Bulrlnnpcs 196 rSépresé)ﬁlt one f‘y\f)ee of iterconnect structire that can be
formed oyer UBMdRh d hedntercenA@¢t strtuctureugan also use bond wires, conductive paste, stud
bump, micro bump, orqther glectical lntepconnect. f=or. expmple, bond yyite. 198 g formed over
conductive layer 190]. The structures described In FIGs. 4b-4e Constitute a plurality of passive
circuit eleRERES ot PD$ 200 FF6ne embodiment, icohdutivetayer AgRar tesistiveclager 184dinsulating
layer 186,and-ecenductive laygr 190a isa MIM-caRacto). Besistive layer J 8d-hetween.conductive layer
190c and 190d is a resistor element in the passive circuit. The individual sections of conductive layer
190d-196F cHii%é Wouht b Colléd inplantvientd protiticd br exhtsititeé desifed sropeitiesof an
Inductor.TiPd 200 gashaveranyk cembiaiioneofcapacitors resistass cand/er indugtors. The IPD
structure 200 grto.videts eleftric charatcteristicts ngeded dforfigcr{freguenc%}/ ag I{cationg, ﬁuch as
resonators. high-passfters, Tow pass filters, band-pass tifters, symmericHED resORant tafsformers,
matchingmétwarks, amne turiing sapacitorse TherdRDgacah bé esed lasdronteend wireless RF
components, which carye posiioped fefyeep e anignna and fransesivetcThe ndietor,gan be a
hi-Q balun, transformer, or coil, operating up to 100 Gigaheriz. In some applications, multiple baluns
are forméd overatsaene Bubstate, aflowirigniiudti-band Dpesatior: (Rorexanysle atviky o irfote baluns

are USQ%Q&%&&@'&@BQJ_QEQ‘QpﬁeEﬁ}f‘tO”&?b%ftQtQ%GSM&%@U“i@é}ioﬁscﬁ%@bb%@ﬂcﬂ%@@med fora
frequeng% band of operation of the quad-band device. A typical RF system requires multiple IPDs and

other highfffeqiBiicy Erctits int 6hR Grinore¥emidortitietor Pieckagls 16 pefformithe fstessary

electrical 72 is applied to upper plate 170a of chase mold 170. A
releasable tape 174 with optional adhesive properties is applied
to lower plate 170b. Tape 172 and 174 are releasable by
mechanical or thermal pressure. An encapsulant or molding
compound 176 1is dispensed into the open area between upper plate
170a and lower plate 170b using compressive molding, transfer
molding, ligquid encapsulant molding, or other suitable
applicator. Encapsulant 176 can be a liquid, granular, or
powder form of polymer composite material, such as epoxy resin

with filler, epoxy acrylate with filler, or polymer with proper
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functions. Conductive layer 190j can be a ground plane for the IPD structure. The IPD structure 200
formed over polymer matrix composite substrate 178 simplifies the manufacturing process and
reduces cost. The polymer matrix composite substrate 178 provides high resistivity, low loss tangent,
low dielectric constant, matching CTE with the IPD structure, and good thermal conductivity.

FIG. 5 illustrates another IPD structure formed over a polymer matrix composite substrate. Using a
chase mold, a polymer matrix composite substrate wafer or panel 210 is formed in a similar manner as
FIG. 4a. The polymer matrix composite substrate 210 has high resistivity, low loss tangent, lower
dielectriccaanstantt €hE ntschipgtibe overlayingd PD. struetsre  cantgoad thersral condaetivity .

An electricallla cqr{lducti g&ayer 212 is fgrm dfygr §ubstrate 210 usin pattcerning with PV.Dt, CVD,
sputterinﬁ?e ec?rofly?i% p atlrﬁg,eeI}(E:':cat?osllés§1 rﬁ) ating pro%]érélss, Sr Gther Suitablé metal 88%8§iﬁ6neprocess to
form individuat pettinsadresections 21248-2172¢. Cenductive layef212. cdiv be direeopmbyedayers of Al,

Cu, Sn, NL Au, Ag. Ty, DI TV, op other, suitable glectrically %O&QH@Y%{‘%%[G”%VW it Li, TIN, or TiW
as an adhesive or barrier layer. The individual portions of conductive layer 212 can be electrically
commontarreleétricallyp isotatéd lepehding 6/ HE eBAne&tiity'sTiRE individhal semicondtietor die.

An insulatifg arpassivation layer ¢18ds formediavercenductive dayer 212 using Spin coating, PVD,
CVD, printing, sintering, or thermal oxidation. The insulating layer 218 can be one or more layers of

5i02, Si3N% SiON: 2205 Al2d3 holyitide, BEEMPESWPR COrSther Fisteridl IHmRg Shitable
insulating aingtstevctural preperpesespeciallypolymes phetach good insulation

properties.

In FIG. 4c, an electrically conductive layer 182 is
formed over interface and insulation layer 180 on substrate 178
using patterning with PVD, CVD, sputtering, electrolytic
plating, electroless plating process, or other suitable metal
deposition process to form individual portions or sections 182a-
182c. Conductive layer 182 can be one or more layers of Al, Cu,
Sn, Ni, Au, Ag, Ti, TiW, TiN, or other suitable electrically
conductive material, with Ti, TiN, or TiW as an adhesive or
barrier layer. The individual portions of conductive layer 182
can be electrically common or electrically isolated depending on
the connectivity of the individual semiconductor die.

An optional resistive layer 184 is formed over
conductive layer 182a and interface layer 180 of substrate 178
using PVD, CVD, or other suitable deposition process. In one
embodiment, resistive layer 184 can be TaxSiy or other metal
silicides, TaN, NiCr, Ti, TiN, TiW, or doped poly-silicon having
a resistivity between 5 and 100 ohm/sg.

An insulating or dielectric layer 186 is formed over
resistive layer 184 using patterning with PVD, CVD, printing,
sintering, or thermal oxidation. The insulating layer 186 can
be one or more layers of Si02, Si3N4, SiON, Taz205, Al203,

polyimide, BCB, PBO, or other suitable dielectric material.

-19-



sensitive dielectric materials. A portion of insulating layer 218 is removed to expose conductive layer
212. An electrically conductive layer 220 is formed over insulating layer 218 using patterning
with PVD, CVD, sputtering, electrolytic plating, electroless plating process, or other suitable metal
deposition process. Conductive layer 220 is an adhesion layer or barrier layer, such as Ti, TiW, TiN,
TaxSiy, and TaN. Conductive layer 220 operates as a resistive layer for the IPD structure. An
electrically conductive layer 222 is formed over conductive layer 220 using patterning with PVD, CVD,
sputtering, electrolytic plating, electroless plating process, or other suitable metal deposition process to
form individual portionsroriseciivas #22a-222jaconduetivelayey 222 cah he onewfdaorwiayers of Al
Cu, Sn, N| A A?%zor (;{her sunlaE?bie electrlcally cor@uctive e}lterlal %he |nd V|dual§0{tlons of
conductive ?aye are eléctrical y common or eféc ca1|y islated” (ljlepend1 onthe
connectividp ofitheniadspdual seaticodudtiPdieCVD, prAntnsygatisg or passivation layer 224 is

formed qugr Insuiating layet g18 and conductiye layers 220.and §§Zé§ﬁ”%§p'8n%°a£@%5¥9 CVD,

printing, sintering, or thermal oxidation. The insulating layer 224 can be one or more layers of 5i02,

Si3N4, SIeXeTa205, AlZE3, polyitide, BCE, PE@,QNPR%J&%}hePﬁthéﬁﬂlq%zvnﬁj%lt%@4nsu|at|ng

and strugipral prepefties -egpecially, polymerRhoio sensitive Prﬁ%'@%i&'ﬂ@teﬂ?és A periqn-ghinsulating
layer 224 is removed to expose conductive layer 222. An electricall ?g{ conductive layer 226 is

formed ovEPRERAGEHe RYBFS22¢ LEifPPVDS BV CSputtsiiy: eletrdiytic fiating Celectroless plating
process,@rafhensuitable metat ion of insulating layer 188 is removed to

expose conductive layer 182, resistive layer 184, and insulating
layer 186.

In FIG. 4d, an electrically conductive layer 190 is
formed over conductive layer 182, insulating layers 186 and 188,
and resistive layer 184 using patterning with PVD, CVD,
sputtering, electrolytic plating, electroless plating process,
or other suitable metal deposition process to form individual
portions or sections 190a-1907j. Conductive layer 190 can be one
or more layers of Al, Cu, Sn, Ni, Au, Ag, Ti, TiW, TiN, or other
suitable electrically conductive material, with Ti, TiN, or TiW
as an adhesive or barrier layer. The individual portions of
conductive layer 190a-1907j can be electrically common or
electrically isolated depending on the connectivity of the
individual semiconductor die.

An insulating or passivation layer 192 is formed over
insulating layer 188 and conductive layer 190 using spin
coating, PVD, CVD, printing, sintering, or thermal oxidation.
The insulating layer 192 can be one or more layers of SiO2,
Si3N4, SiON, Ta205, Al203, polyimide, BCB, PBO, WPR, or other
material having suitable insulating and structural properties,
especially polymer photo sensitive dielectric materials. A
portion of insulating layer 192 is removed to expose conductive

layer 190.
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deposition process. Conductive layer 226 can be one or more layers of Al, Cu, Sn, Ni, Au, Ag, or other
suitable electrically conductive material. In one embodiment, conductive layer 226 is a UBM containing
a multi-layer metal stack with an adhesion layer, barrier layer, and seed or wetting layer. The adhesion
layer is formed over conductive layer 222c and can be Ti, TIN, TIW, Al, or Cr. The barrier layer is
formed over the adhesion layer and can be Ni, NIV, Pt, Pd, TIW, or CrCu. The barrier layer inhibits the
diffusion of Cu into the active area of the die. The seed layer can be Cu, Ni, NIV, Au, or Al. The seed
layer is formed over the barrier layer and acts as an intermediate conductive layer between conductive
layer 222¢ and subsequentsolderdyuraps or etheriipterconrectsiticiuie. UBM2260provides a low

resistive Interconnect to cong:ctjcve Iayﬁr 222(:,1 sowell as a bg{;'er t \;lglder difﬁ%sion and seed layer
for solder Welta ilﬁf/’.er con uncelle\é?rica?ly‘?ec%nducﬁvélBﬁ% matérial IS ders)géji%ec%\}élrgl’JBM 226
using anehvaporatiorn; etecticlyticplatingeelectrotess platitg,alldrops 86 screenoprirting process. The
bump material.ean be Al, $n. N AY.AG, PR, Bl Su, solder, and combinations thereof, with.an optional
flux solution. For example, the bump material can be eutectic Sn/Pb, high=lead solder, or lead-free
solder. Thiesbutip FrateriaRisionded tbluBM P26 Nisihg &Buitabletattdehmént-or¥sondifg process. In
one embgdimeant, the bymp-materialis reflowed by heating the material abaye its melting peint to form
spherical balls or bumps 228. In some applications, bumps 228 are reflowed a second time to improve
electricaPESntaBPR B 226 CPRE DOMpECcdr 80 He CormpréssiGH bonbea 18 toAdactive layer 226.
Bumps 2281repraessnionectype of taterconnect strustiie dhatrcanbe formed sverUBM 226. The
interconnecé struc(tjlflre can :%Igo uselbond Wire% cond&ic!:tiveéaasie, stud bun]]_p, micclio bump, or other
electricafintereonnect. Fvc%(reexérlﬁ%le,aﬁ'oenrd'wire%oais ormed ov%y%n&tfctlv%rfg)e/er 3257 The
structuresaescrbédan FH@eb constituie d plaralivg of passive circuit elementsrordPDs 232, In one
embodiment, canductiye layer 2124, Jasylating fayer 218, condustive layer, 220,,and copductive layer
222a is a MIM capacitor. The individual sections of conductive layer 222d-222i can be wound or coiled
in plan-vigiWto produke-orleXhibiethecdesired proberies b an tadactor.1PBP232 cafithave any
combinatior of capacitarscresisiers, and/ardpdyetors.c o o dihe IPR strugtyre 232 provides electrical
characteristics needed for high frequency applications, such as resonators, high-pass filters, low-pass

filters, baiftPpAass filtersy symitetricAN:QtBsbrant trATsISffiErs! AVRENHMY HetWbrks, fdftuning
capacitots: d healPDs-ean hediseghas frentend wireless REncamponents, wkieh €anibkg pesitioned

between the aené%nréa ggd g:ansgea/aer.eTh% 'brbduct%r can be a hi- tbaéurl,&(reansgormesr, or coil, operating
up to 100 Gigaierts IR Sonve &Bplications, muitigle balline && formet overa SAMRsUbstrate, allowing

multi-band bperatione Fop exaniple; twocgrumere bekMsldré ysedvinde quad-baimddfers mobileephones or
other GSM commypicapons, %aocﬁd%%"éﬁ‘vdeedi%ag% f%(? érqu%n% pand of operation. of he quad-band

device. A typical RE' system requires multiple IPDs and other high frequency circuits in one or more
semicondactdr packages foopedorin Hee Aecaessary etectriedidancticns. Gunductive layer 190] can be a

ground plane for the IRD SHUCEe; ca11y IBﬁdBQt%tﬁ‘éCtH(ﬁn%3%£Qréﬁﬁ%QV%p%ﬂé{ fatgix _
composite substrate 210 simplifies the manufacturing process and reduces cost. The polymer matrix
Composmggﬁhgﬁﬁebﬁﬁ using an evaporation, electrolytic plating,

electroless plating, ball drop, or screen printing process. The
bump material can be Al, Sn, Ni, Au, Ag, Pb, Bi, Cu, solder, and
combinations thereof, with an optional flux solution. For
example, the bump material can be eutectic Sn/Pb, high-lead
solder, or lead-free solder. The bump material is bonded to UBM
194 using a suitable attachment or bonding process. In one
embodiment, the bump material is reflowed by heating the
material above its melting point to form spherical balls or
bumps 196. In some applications, bumps 196 are reflowed a

second time to improve electrical contact to UBM 194. The bumps
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provides high resistivity, low loss tangent, low dielectric constant, matching CTE with the IPD structure,
and good thermal conductivity. FIG. 6 shows an exemplary Inductor 242 formed with
conductive layer 222. FIGs. 7a-7n illustrate, in relation to FIGs. 1 and 2a-2c, a process of
forming an Inductor over a polymer matrix composite substrate. In FIG. 7a, a chase mold 250 has
upper plate 250a and lower plate 250b. An optional releasable tape 252 is applied to upper plate 250a
of chase mold 250. An optional metal carrier 254 is mounted to lower plate 250b. Carrier 254 can also
be silicon, polymer, polymer composite, ceramic, glass, glass epoxy, beryllium oxide, tape, or other
suitable lesrcasts sigiskmaterial ek sisucttal suppod. Cavriern254 canhesreusablesiprtbedsnanufacturing
process. A releasable fdhesive talﬁ)e 25t6 Ii%stg)glied to ctagg%r 254. '%aepef 252 acr11d0256 ag%{v?leasable by

.on e 0O interconnec C re ca orm ver
mechanlcaleortﬁﬁ%rma pressure. .%, an encapsupan materla?or mo(fdclng compound

260 is di@[_ﬁélnsedfilr_n@ ﬂhetepenanea;_bewt_zee_wmper pate 256a gmlelolmmqblate@b, usir_lg
compressiye maldjng, transfer molding ala'{%‘? encapsuiapimoldipg, ot ather sujtable applicator.

Encapsulant 260 can be a liquid, granular, or powder form of polymer composite material, such as
epoxy resmbwith e Epoxyfaefylatewith JilleR Grpofymer With propéPilararis0% up to 95%
content. When, euregband yermoyed from mold chase 250, encapsulant 260 forms a polymer matrix
composite substrate wafer or panel 264, such as an EMC substrate, as shown in FIG. 7c.

FIG. 7d shows anothelMiethbl 6t foirRing 1R PohARer iatfix E8mpositd Subsitate: Ciidseé®mold 266
has upperiplatel 266a anddewer plate 26601 Anpiianat releasahie sape 268 with one

embodiment, conductive layer 182a, resistive layer 184,
insulating layer 186, and conductive layer 190a is a MIM
capacitor. Resistive layer 184 between conductive layer 190c
and 190d is a resistor element in the passive circuit. The
individual sections of conductive layer 190d-190i can be wound
or coiled in plan-view to produce or exhibit the desired
properties of an inductor. IPD 200 can have any combination of
capacitors, resistors, and/or inductors.

The IPD structure 200 provides electrical
characteristics needed for high frequency applications, such as
resonators, high-pass filters, low-pass filters, band-pass
filters, symmetric Hi-Q resonant transformers, matching
networks, and tuning capacitors. The IPDs can be used as front-
end wireless RF components, which can be positioned between the
antenna and transceiver. The inductor can be a hi-Q balun,
transformer, or coil, operating up to 100 Gigahertz. 1In some
applications, multiple baluns are formed over 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
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adhesive layer is applied to upper plate 266a of chase mold 266. An optional releasable tape 270 with
adhesive layer is applied to lower plate 266b. Tape 268 and 270 are releasable by mechanical or
thermal pressure. An encapsulant or molding compound 272 is dispensed into the open area between
upper plate 266a and lower plate 266b using compressive molding, transfer molding, liquid
encapsulant molding, or other suitable applicator. Encapsulant 272 can be a liquid, granular, or
powder form of polymer composite material, such as epoxy resin with filler, epoxy acrylate with filler, or
polymer with proper filler from 40% up to 95% content. When cured and removed from mold chase
266, encapsulant2€2 fonnsapalymer matex copppsitersubstrate;waferdorpane! 274, sugh as an

EMC su :? ate, as shown in F%Fﬁ 7?Pghg¢)ol egfmaér(% cgg&qsge SXL,Jbstratel§§}%§1/2lr%1 74 each have

. . structure. rycrture e er,..po X
hlgh resistivity, 1fOW ?OSS tfangent, lower dielectric constan matc%lng tt‘?e 0] b structure,

and good theroral tondubtvitgete 178 Iﬁﬂ@liﬁjaeplatﬂxet mwmgwpasxiwaimmda_yeﬁzw is_
formed oyepa 10p spiface of polymek matrix gomposite substrate.2 4 (ot palymey fgatrix composite

substrate 264) using spin coating, PVD, CVD, printing, sintering, or thermal oxidation. The insulating
layer 27@EaN Héconeé 6P maore $ayers of BiD2, SSIBNYC STON 205, AlZ03, Polyiftidé IBCE, PEO, WPR,

or other materialhaving suitablg irsuylating andstructuyalproperties. Aligrpatively. ingulating layer 276
is formed during the molding process in chase mold 250 or 266 with the interaction between the
encapsufit andtreledsing tape. FIG. 7g shows an alternate embodiment with the blanket
insulating layer 276 formed aver the tep sudace 0f palymerrmal ix-cavpesite substrate 4. 4n
addition, a lilanket insulating or assivtation Ig% r 218 is fo(gmed over %bottom fgrface of polymer
matrix c&rﬁpgg?ers%s%aﬁé 24! %%%)sﬁe the oprgur?ace ugih%gspalln %o%ﬁﬁgmamlhat?on, PVD, CVD,
printing, smterirg, ordherimalcoxigation. <l iinsutating layér278® capde=dne b moreflayersaf Si02,

SI3N4, SIQN, TaZ5, Al243, polyimide, BCE, PEO, WﬁB19051%}!1%&”19&%@@}!1%&@%%@5 € insulating

and structural properties. Alternatively, insu_]atln_g layers 276 and 278 are formed during the molding
process té&rasefrld 280t 2661With fIve irftéractibh betwéeh 1he eheapsiiant aAd T&leasing tape.

The insulafingJayers-276,a0d 278, canrbe the sameymaterials with.thesame or differept;thickness.
and good thermal conductivity.

An electrically conductive layer 212 is formed over
substrate 210 using patterning with PVD, CVD, sputtering,
electrolytic plating, electroless plating process, or other
suitable metal deposition process to form individual portions or
sections 212a-212c. Conductive layer 212 can be one or more
layers of Al, Cu, Sn, Ni, Au, Ag, Ti, TiN, TiW, or other
suitable electrically conductive material, with Ti, TiN, or TiW
as an adhesive or barrier layer. The individual portions of
conductive layer 212 can be electrically common or electrically
isolated depending on the connectivity of the individual
semiconductor die.

An insulating or passivation layer 218 is formed over
conductive layer 212 using spin coating, PVD, CVD, printing,
sintering, or thermal oxidation. The insulating layer 218 can
be one or more layers of Si02, Si3N4, SiON, Taz205, Al203,
polyimide, BCB, PBO, WPR, or other material having suitable

insulating and structural properties, especially polymer photo
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FIG. 7h shows an embodiment with the blanket insulating layer 276 formed over the top surface of
polymer matrix composite substrate 274, and a blanket insulating or passivation layer 280 formed over
insulating layer 276, using spin coating, PVD, CVD, printing, sintering, or thermal oxidation. The
insulating layer 280 can be one or more layers of 5i02, Si3N4, SiON, Ta205, Al203, polyimide, BCE,
PEO, or other material having suitable insulating and structural properties. The insulating layer 276
can be formed during the molding process in chase mold 250 or 266. FIG. 7i shows an
embodiment without an insulating layer over either the top surface or bottom surface of polymer matrix
composite-suisitate 274e 1 e ct r i CORtinLiNgavith therembodimentaf EiGs w/faan electegally conductive
layer 282% ESSformed over ilas%latin%la er 276 lésin%gatteﬁnin% Wi FZ’VD, CVD, sputtering, electrolytic
plating, € ectroléss %Tlé%i\ﬁeg pro%egs,porsgtthguffefb evn%etaﬂﬁe]ﬁosi ion process to form individual
portions or sections 282a-282ctas shown in#Gu 7t iGenductive |ayér 282 Cantedorerer more layers

of Al, Cu, 50, NLAYAG, %ie 1N, 1YY, Of other sultable glectrisally, condugtive matedal, with Ti, TIN,
or TIW as an adhesive or barrier layer. The individual portions of conductive layer 282a-282¢ can be
electricaliy- 661ty bi- elaehidalydsolated dEperdingorrthencoeetivity of tHe imthiidual

semicondugtor dies Althosghcanductive layer Z82is shavenaveripsulatingdayeraar6 froghFIG. 71, the
conductive layer can be similarly formed over the insulating layers and/or polymer matrix composite

substraté' 274 5 the eMBUdiMEnREGFESSs. ety Such periE. 7K A inStftingBFHassivation layer
284 is foanad nver insubating-layee 276and codustive dayer 282 dsingspit €0ating,\R¥Df VD,
printing, sintering, or thermal oxidation. The insulating layer 284 can be one or more layers of Si02,
SI3N4, Sﬁkﬁ\l %0%?%35 ,rpeolyimide, BCE, PEO, WPR, or other material having suitable insulating
and structural propertigs, espetiallycpolymerphic sensitive helegic materiatsicthecinsulating layer

Imp1ove Son Soverage ol Atbssbient deposiion aud koot auhy orotessing siepe: - R °
electrolytic plating, electroless plating process, or other
suitable metal deposition process to form individual portions or
sections 222a-222j. 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 conductive
layer 222a-2227j are electrically common or electrically isolated
depending on the connectivity of the individual semiconductor
die.

An insulating or passivation layer 224 is formed over
insulating layer 218 and conductive layers 220 and 222 using
spin coating, PVD, CVD, printing, sintering, or thermal
oxidation. The insulating layer 224 can be one or more layers
of 5i02, Si3N4, SiON, Ta205, Al1203, polyimide, BCB, PBO, WPR, or
other material having suitable insulating and structural
properties, especially polymer photo sensitive dielectric
materials. A portion of insulating layer 224 is removed to
expose conductive layer 222.

An electrically conductive layer 226 1is formed over
conductive layer 222c using PVD, CVD, sputtering, electrolytic

plating, electroless plating process, or other suitable metal
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In FIG. 71, an electrically conductive layer 286 is formed over conductive layer 282a-282c and
insulating layer 284 using patterning with PVD, CVD, sputtering, electrolytic plating, electroless plating
process, or other suitable metal deposition process. Conductive layer 286 can be one or more layers
of Al, Cu, Sn, Ni, Au, Ag, Ti, TIW, or other suitable electrically conductive material. Conductive layer
286 is an adhesion layer or barrier layer. The adhesion layer can be Ti, TIN, TIW, Al, or Cr. The barrier
layer can be Ni, NIV, Pt, Pd, TIW, or CrCu. The barrier layer inhibits the diffusion of Cu into the active
area of the die. An electrically conductive layer 288 is formed over conductive layer 286 using
patterningewits PMR,CYDo sputiering,celaecttalytie plating, eteniroless platingproeess; ¢ other suitable
metal de?osition prgcc{eﬁTs to form_individual orti%ns or sectiicg}s 288al-g§g' Cor&ductive (I:%yl r 288 can

be one orwgr]éﬁaﬁers 0 ’AI?&’U, %rh’, I\ﬁ,lAu, }ig, orother stitable électrica fcgngﬁ&fvle material. The

individu_atpommsi(yfecmvelayerlzggaHES&jrtargcéil&\aﬂtallfoommmeeb@rréaoallgl%o_liaﬁed _
depending ga,the copnectivity of %81@4'%&’%?9%%%{‘9”&{%% €yith an!LE @44, an insulating or

passivation layer 292 is formed over insulating layer 284 and conductive layer 288 using spin coating,
PVD, CVB.Ysintinga sintéring,corthermaFoxigator IThee fnsuldingAgger 292 ands& 6sé ©F more layers

of 502, Si3)dx SION: Ja205, AI203. Rolimide.BCE: PEOWPR 01.0ther, material having suitable

insulating and structural properties, especially polymer photo sensitive dielectric materials. A portion of
insulating‘%erpzjw iSTefoved 1B eXptsE i Ondlietide ldyer 28884hPF88). the 2dhg E16€ 7N, an
electricallys gerductivedayen294 fgrmed/overgonductivenayer288aand 288kas aNEM-containing a

multi-layer metal stack wjth an adhesian layer, barrier layer, and seed ar Wettin% layer. The adhesion
layer Canﬁ B i, 'ﬁ‘f{ﬁ Il\?\),%l,t %re C% ?él Séf)rflercfa%ye&?ucaln% %8 I\E}q ﬁi\f,cﬁt,lif’%, W, o¥> r&ﬁ?The barrier
layer inhibits the Tiffusier of Cayiato thenactiveCarealof,theidie. The seedAdyer cambe G Ni, NiV, Au,

or Al. The a%?&g I%eg_ciérfgggeg&élgr y}lee.b%gﬁ {@éerlaagdegc -85 an intermpediate conductive layer

between conductive layer 288c and 288j and subsequent solder bumps or other interconnect structure.
NEM 294 prevides addw resSisive intefcormieet (e esnaeetivedager2ese ahd 288), A well a8 a

subsequent solder bumps or other interconnect structure. UBM
226 provides a low resistive interconnect to conductive layer
222c, as well as a barrier to solder diffusion and seed layer
for solder wettability.

An electrically conductive bump material is deposited
over UBM 226 using an evaporation, electrolytic plating,
electroless plating, ball drop, or screen printing process. The
bump material can be Al, Sn, Ni, Au, Ag, Pb, Bi, Cu, solder, and
combinations thereof, with an optional flux solution. For
example, the bump material can be eutectic Sn/Pb, high-lead
solder, or lead-free solder. The bump material is bonded to UBM
226 using a suitable attachment or bonding process. In one
embodiment, the bump material is reflowed by heating the
material above its melting point to form spherical balls or
bumps 228. In some applications, bumps 228 are reflowed a
second time to improve electrical contact to UBM 226. The bumps
can also be compression bonded to conductive layer 226. Bumps
228 represent one type of interconnect structure that can be

formed over UBM 226. The interconnect structure can also use
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barrier to solder diffusion and seed layer for solder wettability. Alternatively, conductive layer 294 can
overlap the edge of the via in insulating layer 292. An electrically conductive bump material is
deposited over UBM 294 using an evaporation, electrolytic plating, electroless plating, ball drop, or
screen printing process. The bump material can be Al, Sn, Ni, Au, Ag, Pb, Bi, Cu, solder, and
combinations thereof, with an optional flux solution. For example, the bump material can be eutectic
Sn/Pb, high-lead solder, or lead-free solder. The bump material is bonded to UBM 294 using a suitable
attachment or bonding process. In one embodiment, the bump material is reflowed by heating the
material abaye itsraelfing poiido foemsphedcakhalls orubiimps 2960 Imsame applicatiens, bumps 296
are reflovevEg a Seco d time to imﬁrovecelec ical contac{ to %BM&Q# The % mps can also be

com pressmncbonacea tOlGEﬁ 58 ?

i @ﬁmps 96 reeﬁ%%nte one ?ype Of interéonnect s ﬁﬁ:r{lﬁr% that can be
formed ovee UBM294c Thedniergemnnecétstructure can also use bond wires, conductive paste, stud

bump, micro bump, or,gther electrical Interconnect.; ; , Fhe steucture deseribed.in FIG. 7a-7n,

more specifically conductive layer 288e-2881, constitutes an Inductor formed over polymer matrix
compositelsulsstidtd 274, FheSadividual Seetiorssl sieariductive 18)er 288e-2881 canhe wound or

coiled in plansvigwe ta praduce, orexhibit the-desired, propesties, of ag Inducter. ohhe Inductor structure
288e-2881 provides electrical characteristics needed for high frequency applications, such as
resonatorS HlgAphes fieYS JowaasSfters CRAME-paks filters syAmeétricHRQE¥onant transformers,
matching-agbtnorksrand tuning capacitersl Thednduetor 6an bendsettas fronkead wiraless RE'
componezrbt%,.which can be pc%isitioned ?Eg’\cﬁeen tggantenna an?d transceiver. The inﬂl{%m{ can be a

. 1 can be woun or ¢C 1 n-vie @] roaucg. or. ex
hi-Q balun, transformer, or coll, operaﬁng up to élga ertz. I sbme apﬁlcaﬁons, muftlple baluns

are formedti®vee aisasne substrate] alowingmuitrBand @peratidgii 232 can have any
combination of capacitors, resistors, and/or inductors.

The IPD structure 232 provides electrical
characteristics needed for high frequency applications, such as
resonators, high-pass filters, low-pass filters, band-pass
filters, symmetric Hi-Q resonant transformers, matching
networks, and tuning capacitors. The IPDs can be used as front-
end wireless RF components, which can be positioned between the
antenna and transceiver. The inductor can be a hi-Q balun,
transformer, or coil, operating up to 100 Gigahertz. 1In some
applications, multiple baluns are formed over 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. Conductive layer 190j can be a ground plane for the
IPD structure.

The IPD structure 232 formed over polymer matrix
composite substrate 210 simplifies the manufacturing process and

reduces cost. The polymer matrix composite substrate 210

—-26—



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 inductors and other high frequency circuits in one or more
semiconductor packages to perform the necessary electrical functions. The inductor structure
288e-288i formed over polymer matrix composite substrate 274 simplifies the manufacturing process
and reduces cost. An optional temporary and reusable metal carrier is used to build the artificial
molding compound wafer or panel. The polymer matrix composite substrate 274 provides high
resistivity,dowiess tangent rlow: dielectric, constant, spatchingy€1 €, with whel IRDestructure, and good
thermal conductivity. Whil e or more embodiments of the present inventjgn have been
lustated ) BEEAT e BTG ATt B SE e Gt BT e Bhd CRP i  Those
embodinents mdyi be tyade without departing from the scope of the present invention as set forth in

the following claims. g?émsé/\@ﬁgwsc'girm%q{'emplary inductor 242 formed with
conductive layer 222.

FIGs. 7a-7n illustrate, in relation to FIGs. 1 and 2a-
2c, a process of forming an inductor over a polymer matrix
composite substrate. In FIG. 7a, a chase mold 250 has upper
plate 250a and lower plate 250b. An optional releasable tape
252 1is applied to upper plate 250a of chase mold 250. An
optional metal carrier 254 is mounted to lower plate 250b.
Carrier 254 can also be silicon, polymer, polymer composite,
ceramic, glass, glass epoxy, beryllium oxide, tape, or other
suitable low-cost, rigid material for structural support.
Carrier 254 can be reusable in the manufacturing process. A
releasable adhesive tape 256 1is applied to carrier 254. Tape
252 and 256 are releasable by mechanical or thermal pressure.

In FIG. 7b, an encapsulant material or molding
compound 260 is dispensed into the open area between upper plate
250a and lower plate 250b, using compressive molding, transfer
molding, ligquid encapsulant molding, or other suitable
applicator. Encapsulant 260 can be a liquid, granular, or
powder form of polymer composite material, such as epoxy resin
with filler, epoxy acrylate with filler, or polymer with proper
filler from 40% up to 95% content. When cured and removed from
mold chase 250, encapsulant 260 forms a polymer matrix composite
substrate wafer or panel 264, such as an EMC substrate, as shown
in FIG. 7c.

FIG. 7d shows another method of forming the polymer
matrix composite substrate. Chase mold 266 has upper plate 266a

and lower plate 266b. An optional releasable tape 268 with
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1. A method of making a semiconductor device, comprising: forming a polymer matrix composite

substrate; forming a first insulating layer over a first surface of the polymer matrix composite
substrate; forming a first conductive layer over the first insulating layer; forming a second
insulating layer over the first insulating layer and first conductive layer; forming a second

conductive layer over the second insulating layer and first conductive layer; forming a third
insulating layer over the second insulating layer and second conductive layer;

adhesive layer is applied to upper plate 266a of chase mold 266.
An optional releasable tape 270 with adhesive layer is applied
to lower plate 266b. Tape 268 and 270 are releasable by
mechanical or thermal pressure. An encapsulant or molding
compound 272 is dispensed into the open area between upper plate
266a and lower plate 266b using compressive molding, transfer
molding, liquid encapsulant molding, or other suitable
applicator. Encapsulant 272 can be a liquid, granular, or
powder form of polymer composite material, such as epoxy resin
with filler, epoxy acrylate with filler, or polymer with proper
filler from 40% up to 95% content. When cured and removed from
mold chase 266, encapsulant 272 forms a polymer matrix composite
substrate wafer or panel 274, such as an EMC substrate, as shown
in FIG. 7e. The polymer matrix composite substrate 264 and 274
each have high resistivity, low loss tangent, lower dielectric
constant, CTE matching the overlaying IPD structure, and good
thermal conductivity.

In FIG. 7f, a blanket insulating or passivation layer
276 is formed over a top surface of polymer matrix composite
substrate 274 (or polymer matrix composite substrate 264) using
spin coating, PVD, CVD, printing, sintering, or thermal
oxidation. The insulating layer 276 can be one or more layers
of S5i02, Si3N4, SiON, Ta205, Al203, polyimide, BCB, PBO, WPR, or
other material having suitable insulating and structural
properties. Alternatively, insulating layer 276 is formed
during the molding process in chase mold 250 or 266 with the
interaction between the encapsulant and releasing tape.

FIG. 7g shows an alternate embodiment with the blanket
insulating layer 276 formed over the top surface of polymer
matrix composite substrate 274. In addition, a blanket

insulating or passivation layer 278 is formed over a bottom
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removing a portion of the third insulating layer to expose the second conductive layer; and forming a
bump over the second conductive layer. 2. The method of claim 1, wherein forming the polymer matrix
composite substrate includes: providing a chase mold having first and second plates; applying a first
releasable layer over the first plate; forming a metal carrier over the second plate; applying a second
releasable layer over the metal carrier; and

surface of polymer matrix composite substrate 274, opposite the
top surface using spin coating, lamination, PVD, CVD, printing,
sintering, or thermal oxidation. The insulating layer 278 can
be one or more layers of Si02, Si3N4, SiON, Taz205, Al203,
polyimide, BCB, PBO, WPR, or other material having suitable
insulating and structural properties. Alternatively, insulating
layers 276 and 278 are formed during the molding process in
chase mold 250 or 266 with the interaction between the
encapsulant and releasing tape. The insulating layers 276 and
278 can be the same materials with the same or different
thickness.

FIG. 7h shows an embodiment with the blanket
insulating layer 276 formed over the top surface of polymer
matrix composite substrate 274, and a blanket insulating or
passivation layer 280 formed over insulating layer 276, using
spin coating, PVD, CVD, printing, sintering, or thermal
oxidation. The insulating layer 280 can be one or more layers
of 5i02, Si3N4, SiON, Ta205, Al1203, polyimide, BCB, PBO, or
other material having suitable insulating and structural
properties. The insulating layer 276 can be formed during the
molding process in chase mold 250 or 266.

FIG. 71 shows an embodiment without an insulating
layer over either the top surface or bottom surface of polymer
matrix composite substrate 274.

Continuing with the embodiment of FIG. 7f, an
electrically conductive layer 282 is formed over insulating
layer 276 using patterning with PVD, CVD, sputtering,
electrolytic plating, electroless plating process, or other
suitable metal deposition process to form individual portions or
sections 282a-282c, as shown in FIG. 7j. Conductive layer 282

can be one or more layers of Al, Cu, Sn, Ni, Au, Ag, Ti, TiN,
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depositing an encapsulant material between the first and second plates of the chase mold. 3. The
method of claim 1, further including forming a third conductive layer between the first conductive layer
and second conductive layer. 4. The method of claim 1, further including forming a fourth insulating
layer over a second surface of the polymer matrix composite substrate, opposite the first surface of the
polymer matrix composite substrate. 5. The method of claim 1, further including forming a fourth
insulating layer over the first insulating layer prior to forming the first conductive layer. 6. The method
of claim 1, wherein the second conductive layer is wound to exhibit inductive properties.

TiW, or other suitable electrically conductive material, with

Ti, TiN, or TiW as an adhesive or barrier layer. The individual
portions of conductive layer 282a-282c can be electrically
common or electrically isolated depending on the connectivity of
the individual semiconductor die. Although conductive layer 282
is shown over insulating layer 276 from FIG. 7f, the conductive
layer can be similarly formed over the insulating layers and/or
polymer matrix composite substrate 274 in the embodiments of
FIGs. 7g-T71i.

In FIG. 7k, an insulating or passivation layer 284 is
formed over insulating layer 276 and conductive layer 282 using
spin coating, PVD, CVD, printing, sintering, or thermal
oxidation. The insulating layer 284 can be one or more layers
of 5i02, Si3N4, SiON, Ta205, Al1203, polyimide, BCB, PBO, WPR, or
other material having suitable insulating and structural
properties, especially polymer photo sensitive dielectric
materials. The insulating layer 284 serves in part to planarize
the surface of polymer matrix composite substrate 274 in part to
improve step coverage of subsequent deposition and lithography
processing steps.

In FIG. 71, an electrically conductive layer 286 is
formed over conductive layer 282a-282c and insulating layer 284
using patterning with PVD, CVD, sputtering, electrolytic
plating, electroless plating process, or other suitable metal
deposition process. Conductive layer 286 can be one or more
layers of Al, Cu, Sn, Ni, Au, Ag, Ti, TiW, or other suitable
electrically conductive material. Conductive layer 286 is an
adhesion layer or barrier layer. The adhesion layer can be Ti,
TiN, Tiw, Al, or Cr. The barrier layer can be Ni, NiVv, Pt, Pd,
TiW, or CrCu. The barrier layer inhibits the diffusion of Cu

into the active area of the die.
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7. A method of making a semiconductor device, comprising: forming a molded substrate; forming a
first conductive layer over the molded substrate; forming a first insulating layer over the molded
substrate and first conductive layer; forming a second conductive layer over the first insulating
layer and first conductive layer; forming a second insulating layer over the first insulating layer and
second conductive layer; and forming an interconnect structure over the second conductive layer.
8. The method of claim 7, wherein forming the molded substrate includes:

An electrically conductive layer 288 is formed over
conductive layer 286 using patterning with PVD, CVD, sputtering,
electrolytic plating, electroless plating process, or other
suitable metal deposition process to form individual portions or
sections 288a-288j. Conductive layer 288 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 288a-2887 are electrically common or electrically isolated
depending on the connectivity of the individual semiconductor
die.

In FIG. 7m, an insulating or passivation layer 292 is
formed over insulating layer 284 and conductive layer 288 using
spin coating, PVD, CVD, printing, sintering, or thermal
oxidation. The insulating layer 292 can be one or more layers
of 5i02, Si3N4, SiON, Ta205, Al1203, polyimide, BCB, PBO, WPR, or
other material having suitable insulating and structural
properties, especially polymer photo sensitive dielectric
materials. A portion of insulating layer 292 is removed to
expose conductive layer 288c and 2887.

In FIG. 7n, an electrically conductive layer 294
formed over conductive layer 288c and 288j as a UBM containing a
multi-layer metal stack with an adhesion layer, barrier layer,
and seed or wetting layer. The adhesion layer can be Ti, TiN,

Tiw, Al, or Cr. The barrier layer can be Ni, NiV, Pt, Pd, TiW,

or CrCu. The barrier layer inhibits the diffusion of Cu into
the active area of the die. The seed layer can be Cu, Ni, NiV,
Au, or Al. The seed layer is formed over the barrier layer and

acts as an intermediate conductive layer between conductive
layer 288c and 2887j and subsequent solder bumps or other
interconnect structure. UBM 294 provides a low resistive

interconnect to conductive layer 288c and 2887, as well as a
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providing a chase mold having first and second plates; applying a first releasable layer over the first
plate; applying a second releasable layer over the over the second plate; and depositing an
encapsulant material between the first and second plates of the chase mold. 9. The method of claim
7, further including forming a third conductive layer between the first conductive layer and second
conductive layer. 10. The method of claim 7, further including: forming a third insulating layer over
a first surface of the molded substrate prior to forming the first conductive layer; and

barrier to solder diffusion and seed layer for solder
wettability. Alternatively, conductive layer 294 can overlap
the edge of the via in insulating layer 292.

An electrically conductive bump material is deposited
over UBM 294 using an evaporation, electrolytic plating,
electroless plating, ball drop, or screen printing process. The
bump material can be Al, Sn, Ni, Au, Ag, Pb, Bi, Cu, solder, and
combinations thereof, with an optional flux solution. For
example, the bump material can be eutectic Sn/Pb, high-lead
solder, or lead-free solder. The bump material is bonded to UBM
294 using a suitable attachment or bonding process. In one
embodiment, the bump material is reflowed by heating the
material above its melting point to form spherical balls or
bumps 296. In some applications, bumps 296 are reflowed a
second time to improve electrical contact to UBM 294. The bumps
can also be compression bonded to UBM 294. Bumps 296 represent
one type of interconnect structure that can be formed over UBM
294, The interconnect structure can also use bond wires,
conductive paste, stud bump, micro bump, or other electrical
interconnect.

The structure described in FIG. 7a-7n, more
specifically conductive layer 288e-2881i, constitutes an inductor
formed over polymer matrix composite substrate 274. The
individual sections of conductive layer 288e-2881i can be wound
or coiled in plan-view to produce or exhibit the desired
properties of an inductor. The inductor structure 288e-288i
provides electrical characteristics needed for high frequency
applications, such as resonators, high-pass filters, low-pass
filters, band-pass filters, symmetric Hi-Q resonant
transformers, matching networks, and tuning capacitors. The

inductor can be used as front-end wireless RF components, which
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forming a fourth insulating layer over a second surface of the molded substrate, opposite the first
surface of the molded substrate. 11. The method of claim 7, further including: forming a third
insulating layer over a first surface of the molded substrate prior to forming the first conductive layer;
and forming a fourth insulating layer over the third insulating layer. 12. The method of claim 7,
wherein the second conductive layer is wound to exhibit inductive properties. 13. The method of claim
7, wherein the interconnect structure includes a bump or bond wire.

can be positioned between the antenna and transceiver. The
inductor can be a hi-Q balun, transformer, or coil, operating up
to 100 Gigahertz. 1In some applications, multiple baluns are
formed over 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 inductors and other high
frequency circuits in one or more semiconductor packages to
perform the necessary electrical functions.

The inductor structure 288e-288i formed over polymer
matrix composite substrate 274 simplifies the manufacturing
process and reduces cost. An optional temporary and reusable
metal carrier is used to build the artificial molding compound
wafer or panel. The polymer matrix composite substrate 274
provides high resistivity, low loss tangent, low dielectric
constant, matching CTE with the IPD structure, and good thermal
conductivity.

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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14. A method of making a semiconductor device, comprising: forming a polymer matrix composite
substrate; forming an inductor over the polymer matrix composite substrate; and forming an
interconnect structure over the inductor. 15. The method of claim 14, wherein forming the polymer
matrix composite substrate includes: providing a chase mold having first and second plates; applying a
first releasable layer over the first plate; applying a second releasable layer over the second plate;

Claims

What is claimed:

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

forming a polymer matrix composite substrate;

forming a first insulating layer over a first surface of
the polymer matrix composite substrate;

forming a first conductive layer over the first insulating
layer;

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

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

forming a third insulating layer over the second insulating
layer and second conductive layer;

removing a portion of the third insulating layer to expose
the second conductive layer; and

forming a bump over the second conductive layer.

2. The method of claim 1, wherein forming the polymer matrix
composite substrate includes:
providing a chase mold having first and second plates;
applying a first releasable layer over the first plate;
forming a metal carrier over the second plate;
applying a second releasable layer over the metal carrier;
and
depositing an encapsulant material between the first and

second plates of the chase mold.
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and depositing an encapsulant material between the first and second plates of the chase mold. 16.
The method of claim 14, further including: forming a first conductive layer over the polymer matrix
composite substrate; forming a first insulating layer over the polymer matrix composite substrate
and first conductive layer; forming a second conductive layer over the first insulating layer and first

conductive layer;

3. The method of claim 1, further including forming a third

conductive layer between the first conductive layer and second

conductive layer.

4. The method of claim 1, further including forming a fourth

insulating layer over a second surface of the polymer matrix

composite substrate, opposite the first surface of the polymer

matrix composite substrate.

5. The method of claim 1, further including forming a fourth

insulating layer over the first insulating layer prior to

forming the first conductive layer.

6. The method of claim 1, wherein the second conductive layer

is wound to exhibit inductive properties.

7. A method of making a semiconductor device,

forming a molded substrate;

comprising:

forming a first conductive layer over the molded substrate;

forming a first insulating layer over the molded substrate

and first conductive layer;

forming a second conductive layer over
layer and first conductive layer;

forming a second insulating layer over
layer and second conductive layer; and

forming an interconnect structure over

conductive layer.

8. The method of claim 7, wherein forming

includes:

the

the

the

the

first insulating

first insulating

second

molded substrate

providing a chase mold having first and second plates;
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forming a second insulating layer over the first insulating layer and second conductive layer; and
forming the interconnect structure over the second conductive layer. 17. The method of claim 16,
further including forming a third conductive layer between the first conductive layer and second
conductive layer. 18. The method of claim 16, further including: forming a third insulating layer
over a first surface of the polymer matrix composite substrate prior to forming the first conductive layer;
and forming a fourth insulating layer over a second surface of the polymer matrix composite
substrate, opposite the first surface of the polymer matrix composite substrate.

applying a first releasable layer over the first plate;

applying a second releasable layer over the over the second
plate; and
depositing an encapsulant material between the first and

second plates of the chase mold.

9. The method of claim 7, further including forming a third
conductive layer between the first conductive layer and second

conductive layer.

10. The method of claim 7, further including:

forming a third insulating layer over a first surface of
the molded substrate prior to forming the first conductive
layer; and

forming a fourth insulating layer over a second surface of
the molded substrate, opposite the first surface of the molded

substrate.

11. The method of claim 7, further including:

forming a third insulating layer over a first surface of
the molded substrate prior to forming the first conductive
layer; and

forming a fourth insulating layer over the third insulating

layer.

12. The method of claim 7, wherein the second conductive layer

is wound to exhibit inductive properties.

13. The method of claim 7, wherein the interconnect structure

includes a bump or bond wire.
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19. The method of claim 16, further including: forming a third insulating layer over a first surface of
the polymer matrix composite substrate prior to forming the first conductive layer; and forming a
fourth insulating layer over the third insulating layer. 20. A semiconductor device, comprising: a
polymer matrix composite substrate; a first conductive layer formed over the polymer matrix
composite substrate;

14. A method of making a semiconductor device, comprising:
forming a polymer matrix composite substrate;
forming an inductor over the polymer matrix composite
substrate; and

forming an interconnect structure over the inductor.

15. The method of claim 14, wherein forming the polymer matrix
composite substrate includes:
providing a chase mold having first and second plates;
applying a first releasable layer over the first plate;
applying a second releasable layer over the second plate;
and
depositing an encapsulant material between the first and

second plates of the chase mold.

16. The method of claim 14, further including:

forming a first conductive layer over the polymer matrix
composite substrate;

forming a first insulating layer over the polymer matrix
composite substrate and first conductive layer;

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

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

forming the interconnect structure over the second

conductive layer.
17. The method of claim 16, further including forming a third

conductive layer between the first conductive layer and second

conductive layer.
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a first insulating layer formed over the polymer matrix composite substrate and first conductive layer;

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

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

an

a second

interconnect structure formed over the second conductive layer. 21. The semiconductor device of
claim 20, further including a third conductive layer formed between the first conductive layer and

second conductive layer.

18. The method of claim 16, further including:

forming a third insulating layer over a first surface of

the polymer matrix composite substrate prior to forming the

first conductive layer; and

forming a fourth insulating layer over a second surface of

the polymer matrix composite substrate, opposite the first

surface of the polymer matrix composite substrate.

19. The method of claim 16, further including:

forming a third insulating layer over a first surface of

the polymer matrix composite substrate prior to forming the

first conductive layer; and

forming a fourth insulating layer over the third insulating

layer.

20. A semiconductor device, comprising:

a polymer matrix composite substrate;

a first conductive layer formed over the polymer matrix

composite substrate;

a first insulating layer formed over the polymer matrix

composite substrate and first conductive layer;

a second conductive layer formed over the first insulating

layer and first conductive layer;

a second insulating layer formed over the first insulating

layer and second conductive layer; and

an interconnect structure formed over the second conductive

layer.

21. The semiconductor device of claim 20, further including a

third conductive layer formed between the first conductive layer

and second conductive layer.
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22. The semiconductor device of claim 20, further including: a third insulating layer formed over a first
surface of the polymer matrix composite substrate; and a fourth insulating layer formed over a
second surface of the polymer matrix composite substrate, opposite the first surface of the polymer
matrix composite substrate. 23. The semiconductor device of claim 20, further including: a third
insulating layer formed over a first surface of the polymer matrix composite substrate; and a fourth
insulating layer formed over the third insulating layer. 24. The semiconductor device of claim 20,
wherein the second conductive layer is wound to exhibit inductive properties. 25. The semiconductor
device of claim 20, wherein the interconnect structure includes a bump or bond wire.

22. The semiconductor device of claim 20, further including:

a third insulating layer formed over a first surface of the
polymer matrix composite substrate; and

a fourth insulating layer formed over a second surface of
the polymer matrix composite substrate, opposite the first

surface of the polymer matrix composite substrate.

23. The semiconductor device of claim 20, further including:

a third insulating layer formed over a first surface of the
polymer matrix composite substrate; and

a fourth insulating layer formed over the third insulating

layer.

24. The semiconductor device of claim 20, wherein the second

conductive layer 1s wound to exhibit inductive properties.

25. The semiconductor device of claim 20, wherein the

interconnect structure includes a bump or bond wire.
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