SEMICONDUCTOR DIE AND METHOD OF FORMING NOISE ABSORBING REGIONS BETWEEN
THVS IN PERIPHERAL REGION OF THE DIE Field of the Invention The present invention
relates in general to semiconductor devices and, more particularly, to a semiconductor die and method of
forming noise absorbing regions between conductive through hole vias in a peripheral region around the
die. Background of the Invention Semiconductor devices are commonly found in modern
electronic products. Semiconductor devices vary in the number and density of electrical components.
Discrete semiconductor devices generally contain one type of electrical component, e.g., light emitting
diode (LED), transistor, resistor, capacitor, inductor, and power metal oxide semiconductor field effect
transistor (?MOSFET . Inteﬁ%’ated semiconductor devices typically contain hundreds to millions of electrical
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Field of the Invention

The present invention relates in general to
semiconductor devices and, more particularly, to a semiconductor
die and method of forming noise absorbing regions between
conductive through hole vias in a peripheral region around the

die.
Background of the Invention

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

(CCDs), solar cells, and digital micro-mirror devices (DMDs).



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

properties of semicondsigtol raaterialsn Theatamicsteucture; ofsemiconductor material allows its electrical
conductivity to be manipulated by the application of an electric field or through the process of doping.
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industrial controllers, and office equipment.

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

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

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

manufacturing, and back-end manufacturing, each involving



potentially hundreds of steps. Front-end manufacturing involves 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
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result in semiconductor device packages with a smaller footprint
by improvements in electrical interconnection and packaging
materials.

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

However, high frequency electrical devices generate or are
susceptible to undesired electromagnetic interference (EMI) and

radio frequency interference (RFI), or other inter-device



Summary of the Invention A need exists to isolate semiconductor die from EMI, RFI, and other
intra-device interference. Accordingly, in one embodiment, the present invention is a semiconductor
device comprising a first semiconductor die with a first surface and a second surface opposite the first
surface. A second semiconductor die is laterally separated from the first semiconductor die. An insulating
material is disposed between the first and second semiconductor die and extends between a level of the
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Summary of the Invention

A need exists to isolate semiconductor die from EMI,
RFI, and other intra-device interference. Accordingly, in one
embodiment, the present invention is a semiconductor device
comprising a first semiconductor die with a first surface and a
second surface opposite the first surface. A second
semiconductor die is laterally separated from the first
semiconductor die. An insulating material is disposed between
the first and second semiconductor die and extends between a
level of the first surface and a level of the second surface. A
conductive THV is formed through the insulating material. A
conductive layer is formed between the conductive THV and
contact pads on the first and second semiconductor die. A noise
absorbing material is disposed around the conductive THV to

isolate the first and second semiconductor die from intra-device



Brief Description of the Drawings FIG. 1 illustrates a printed circuit board (PCB) with different
types of packages mounted to its surface; FIGs. 2a-2c illustrate further detail of the representative
semiconductor packages mounted to the PCB; FIGs. 3a-31 illustrate a process of forming through hole
vias in a peripheral region of a semiconductor die;

interference.

In another embodiment, the present invention is a
semiconductor device comprising a semiconductor die with a first
surface and a second surface opposite the first surface. An
insulating material is disposed around the semiconductor die and
extends between a level of the first surface and a level of the
second surface. A conductive THV is formed through the
insulating material. A conductive layer 1is formed between the
conductive THV and a contact pad on the first surface of the
semiconductor die. A shielding region is disposed around the
conductive THV to isolate the semiconductor die from intra-
device interference.

In another embodiment, the present invention is a
semiconductor device comprising a semiconductor die with a first
surface and a second surface opposite the first surface. A
conductive THV is laterally separated from the semiconductor die
and extends between the first and second surfaces. A conductive
layer is formed between the conductive THV and a contact pad of
the semiconductor die. A shielding region is formed around the
conductive THV to isolate the semiconductor die with respect to
interference.

In another embodiment, the present invention is a
semiconductor device comprising a semiconductor die. A
conductive THV is laterally separated from the semiconductor
die. A conductive layer is formed between the conductive THV
and a contact pad of the semiconductor die. A shielding
material is disposed around the conductive THV to isolate the

semiconductor die with respect to interference.



FIG. 4 illustrates a top view of conductive half-IHVs formed in a peripheral region of the semiconductor
die; FIG. 5 illustrates a top view of conductive full-IHVs formed in a peripheral region of the semiconductor
die; FIG. 6 illustrates stacked semiconductor die with conductive IHVS; FIG. 7 illustrates a top
view of conductive full-IHVs and conductive half-IHVs formed as multiple offset rows in a peripheral
region of the semiconductor die;

Brief Description of the Drawings

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

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

FIGs. 3a-31 illustrate a process of forming through
hole vias in a peripheral region of a semiconductor die;

FIG. 4 illustrates a top view of conductive half-THVs
formed in a peripheral region of the semiconductor die;

FIG. 5 illustrates a top view of conductive full-THVs
formed in a peripheral region of the semiconductor die;

FIG. 6 illustrates stacked semiconductor die with
conductive THVs;

FIG. 7 illustrates a top view of conductive full-THVs
and conductive half-THVs formed as multiple offset rows in a
peripheral region of the semiconductor die;

FIG. 8 illustrates a top view of noise absorbing
regions formed between conductive THVs in a peripheral region of
the semiconductor die;

FIG. 9 illustrates a cross-sectional view of the noise
absorbing regions formed between conductive THVs in a peripheral
region of the semiconductor die;

FIG. 10 illustrates a noise absorbing material
dispersed between conductive THVs in a peripheral region of the
semiconductor die;

FIG. 11 illustrates a noise absorbing region formed
around each conductive full-THV in a peripheral region of the
semiconductor die;

FIG. 12 illustrates a noise absorbing region formed



FIG. 8 illustrates a top view of noise absorbing regions formed between conductive IHVs in a peripheral
region of the semiconductor die; FIG. 9 illustrates a cross-sectional view of the noise absorbing
regions formed between conductive IHVs in a peripheral region of the semiconductor die; FIG.
10 illustrates a noise absorbing material dispersed between conductive IHVs in a peripheral region of the
semiconductor die; FIG. 11 illustrates a noise absorbing region formed around each conductive

full-IHV iR APEHhhersl P GioRBE e S8miconduELdf die FIGRA2istrates 25 Hisd abdorbity region

formed semiconductor die;

FIG. 13 illustrates a barrier layer between the noise
absorbing region and conductive THV in a peripheral region of
the semiconductor die;

FIG. 14 illustrates a noise absorbing region formed
around multiple conductive THVs in a peripheral region of the
semiconductor die; and

FIG. 15 illustrates a noise absorbing region formed
around each conductive full-THV in multiple offset rows in a

peripheral region of the semiconductor die.

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



around each conductive half-THV in a peripheral region of the semiconductor die; FIG. 13
illustrates a barrier layer between the noise absorbing region and conductive THV in a peripheral region
of the semiconductor die; FIG. 14 illustrates a noise absorbing region formed around multiple
conductive THVs in a peripheral region of the semiconductor die; and FIG. 15 illustrates a noise
absorbing region formed around each conductive full-THV in multiple offset rows in a peripheral region of
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mode forHEhfRRRT thedihentdlie 6hjetiives, FEWM B Spprabiatdd By tHe¥E SKilfed in'thé &t that it is
intended te Tavercaltetnaties; madificativns gand aquivalentsas mayebe includes withindhe spirit and
scope of %e invention as defined b%(&plggfgggded claims and their equivalents as supported by the

following HtSeiddure anddrafihigs.

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

Active and passive components are formed by layers of
materials with different electrical properties. The layers can
be formed by a variety of deposition techniques determined in
part by the type of material being deposited. For example, thin
film deposition may involve chemical vapor deposition (CVD),
physical vapor deposition (PVD), electrolytic plating, and
electroless plating processes. FEach 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



Semiconductor devices are generally manufactured using two complex manufacturing processes:
front-end manufacturing and back-end manufacturing. Front-end manufacturing involves the formation of
a plurality of die on the surface of a semiconductor wafer. Each die on the wafer contains active and
passive electrical components, which are electrically connected to form functional electrical circuits.
Active electrical components, such as transistors, have the ability to control the flow of electrical current.
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The layers can be patterned using photolithography, which involves the deposition of light sensitive
material, 'e0g.f photbredista bverthedayer tofbepatferned YA bhdterrs istfassterred fromvaphdtémask to the

photoresist ysingdight, he-portion of the. Phatoresist pattera subjeciegitolight is temayed using a solvent,
exposing portions of the underlying layer to be patterned. The remainder of the photoresist is
components. Planarization can be used to remove material from
the surface of the wafer and produce a uniformly flat surface.
Planarization involves polishing the surface of the wafer with a
polishing pad. An abrasive material and corrosive chemical are
added to the surface of the wafer during polishing. The
combined mechanical action of the abrasive and corrosive action
of the chemical removes any irregular topography, resulting in a
uniformly flat surface.

Back—-end manufacturing refers to cutting or
singulating the finished wafer into the individual die and then
packaging the die for structural support and environmental
isolation. To singulate the die, the wafer is scored and broken
along non-functional regions of the wafer called saw streets or
scribes. The wafer is singulated using a laser cutting device
or saw blade. After singulation, the individual die are mounted
to a package substrate that includes pins or contact pads for
interconnection with other system components. Contact pads

formed over the semiconductor die are then connected to contact



removed, leaving behind a patterned layer. Alternatively, some types of materials are patterned by directly
depositing the material into the areas or voids formed by a previous deposition/etch process using
techniques such as electroless and electrolytic plating. Depositing a thin film of material over an
existing pattern can exaggerate the underlying pattern and create a non-uniformly flat surface. A uniformly
flat surface is required to produce smaller and more densely packed active and passive components.
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interconnection with other sys?em comporYen S. Conta f)pa s formed over the semiconductor die are then

connected to contact pads within thexpackaiges Théstectncal conaectiensl Cambe madeawith splder
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substrate or printed circuit board (PCB) 12 with a plurality of semiconductor packages mounted on its
surface. Blectrenicidelvice: Y0 afayhavieone fpeicfisemieondacio s packare; @ niltiple tses of

semicondelonpackages, depending en e, eopligation. Fhe diferentiypes of semiconductor packages

are shown in FIG. 1 for purposes of illustration. lectronic device 10 may be a stand-alone

system tifdtUses the S&micondiRtorpacRages teperforhy ah@éctfigal function. Alternatively, electronic

device 10 may be a supeempEPERLOlA IAIger SystermyFerexanple, glecironic device 40 may be a
graphics card, network interface card, or other signal processing card that can be inserted into a
Conunﬂeﬂses the semiconductor packages to perform an electrical

function. Alternatively, electronic device 10 may be a
subcomponent of a larger system. For example, electronic device
10 may be a graphics card, network interface card, or other
signal processing card that can be inserted into a computer.

The semiconductor package can include microprocessors, memories,
application specific integrated circuits (ASICs), logic
circuits, analog circuits, RF circuits, discrete devices, or
other semiconductor die or electrical components.

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

process. Signal traces 14 provide for electrical communication
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The semiconductor package can include microprocessors, memories, application specific integrated
circuits (ASICs), logic circuits, analog circuits, RF circuits, discrete devices, or other semiconductor die or
electrical components. In FIG. 1, PCB 12 provides a general substrate for structural support and
electrical interconnect of the semiconductor packages mounted on the PCB. Conductive signal traces 14
are formed over a surface or within layers of PCB 12 using evaporation, electrolytic plating, electroless

plating, sef&ESINtTRYC PV, dritth& Stitadle Hieta depdsitivn rocdss Sigival tIteS A% Brovide for

electrical gemmunisatien thatween £pehof the spaicandyctor-pagkages, meuniedcompanents, and other
external system components. Traces 14 also provide power and ground connections to each of the

semicondU6TF packagECurd CONEsHie |tbddimBRE a¥entitendrlteFGEIEE has two packaging

levels. Fitstdevelpackaging is a technique for mechanically and electrically attaching the semiconductor

die to a carrier. Second level gacl%?ﬁ%n i,nvolvtes mechanicall(g aéwd %Iectriﬁiay)( attaching the carrier to the
PCB. In other embodiménts 4 e MICSHaUREH device mal) oniy Rave tHe first level g‘ﬁ‘(ﬁ(ab‘fhog where the
die is mephanigagliynhand electricallymaunted ehirettlyp tacthegREB. is a tEohthegpurpose of illustration,

several types of first leyel packaging, including wire hond package 16 and flip chip 18, are shown on PCB
T A T By B o L R OGE R b S S Betay 56, B chip
carrier (BECCp22,dual in-lire packagev(@l Py 24k lamdrgridiarvay (isGAN26 hmultieehip ymedule (MOM) 28,
quad flat npndleaded package (QN), 30, and guad flay package 32, ae shoyngugted on PCB 12
Depending upon the sys\‘fem requirements, any combination of semiconductor packages, configured with
any combinatioi offirst and seeond tevél packagiey stytesnag welllas bthes etdotrohicsdmponents, can

be connecier tp BCB L, I some.embpdiments, glectranig dey Ecgﬂi%i”&lﬂ&’eélae%i@%ec%tﬁ%ﬁ‘ed

semiconductor package, while other embodiments call for multiple interconnected packages. By
combininghetedmaie serhicondactor pakk&ges over a single substrate, manufacturers can incorporate

pre-made componentsEiggp %'ﬁ%”%i?ﬁ@é’@eé@”ﬁﬁx%%?éuon, several types of

first level packaging, including wire bond package 16 and flip
chip 18, are shown on PCB 12. Additionally, several types of
second level packaging, including ball grid array (BGA) 20, bump
chip carrier (BCC) 22, dual in-line package (DIP) 24, land grid
array (LGA) 26, multi-chip module (MCM) 28, gquad flat non-leaded
package (QFN) 30, and quad flat package 32, are shown mounted on
PCB 12. Depending upon the system requirements, any combination
of semiconductor packages, configured with any combination of
first and second level packaging styles, as well as other
electronic components, can be connected to PCB 12. 1In some
embodiments, electronic device 10 includes a single attached
semiconductor package, while other embodiments call for multiple
interconnected packages. By combining one or more semiconductor
packages over a single substrate, manufacturers can incorporate
pre—-made components into electronic devices and systems.

Because the semiconductor packages include sophisticated
functionality, electronic devices can be manufactured using

cheaper components and a streamlined manufacturing process. The
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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 lower costs for consumers.
FIG. 2a lllustrates further detail of DIP 24 mounted on PCB 12. DIP 24 Includes semiconductor die 34
having contact pads 36. Semiconductor die 34 Includes an active region containing analog or digital
circuits IAPRATENEY aSAEHiGE Hedices passive- devided Tohdtttve AyaRsS aingrdisRetitlayérs formed

within seppganeiuetardie 34 and-areeleetricalyetersennected ageardingtasthe electrical design of the
die. For example, the circuit may Include one or more transistors, diodes, inductors, capacitors, resistors,

and other circuit eleméntS forried Withif thé hefive FediaT b dit™34: tottaltiPads36'aH nade with a
conductivenmatayial 2suchpasaliminum1(@dd,.scoppet (Cu) diny(Sn) dliekel {Nia geldy Audnerssitver (Ag),
and are electrically connected to the circuit elements formed within die 34. Contact pads 36 are formed by
PVD, GV Slectiolytic TG, 67 dcifol S4plating Brackes:Difing assembly s Gfb 24, semiconductor
die 34 is owurdech tog carrierd8 using acggald-silicon @utecticilaperarcadhesivesmatarialsuch as thermal
epoxy. TI&e Qacléa e b%d SI.nc(leudoth anciggulative CEJacha%ing lrgatgrial such da%goli/mcqcrror ceramic.
Conductor ieads 40 dré tonnected to carrler 38 and wire bonds 42°are formed between feads 40 and
contact padg36sofidieBddasva first et packaging.temcapstlait 44ns depesited: overithe package for
environmental protection by preventing moisture.and particles fr ntering th ckage and
contaminéﬁés lgfeogie €§n?§ctapca?d%r§6?“o V\t/—“lﬁe ggr?dse@[ic I]blgiog ((:%nsnlegcl?eéD t%opﬁ&% 2 %S/ inserting
leads 40 iio hetesriolmed throughrROB t1 208olderaatéeiab46 isffowed ardurithlieads d0sand into the
holes to physically and electrically eonnect DIP 24 to RGB,12. Solder material 46 can b any metal or
electrically conductive material, e.g., Sn, lead (Pb), Au, Ag, Cu, zinc (Zn), bismuthinite (B1), and alloys
thereof, witleaa wptioAalfiuscmeteiial. Fdrfexantple hesoidermateridiéard Be eufesaticaSi/Pb, high-lead,
orlead-fise s 3¢ FIG 2Rilugtrates further detail of BGG 22 maunted on RCB 12, Sgmigonductor die

47 is connected to a carrier by wire bond style first level packaging. BCC 22 is mounted to PCB 12 with a
BCC stylé&sétond it padkaying.t[Sémicohductor 847 hilvihg comtatt pads 4858 niduited over a

carrier usjngan underfill.Qr epaxyeresin.adhesive,material 50 Semicenductardie A ingludes an active
region containing analog or digital circuits implemented as active devices, passive devices, conductive

layers, ar@®8ieFectid fdyets formetiwithin SehRESndRrIeT dié 47and areisidctrically intercdRnected

according e the-electrical dasign gfthedieckarexamples the eircuiymay decdde ongr meye transistors,
diodes, inductors, capacitors, resistors, and other circuit elements formed within the active region of die

47. Cont&&%%iﬂ‘%j@e Qe Mabe With & SOAGEEVEThater Al Such a5 AMed? SRINTAG ¢t3d, Hid are
electricallyscansiegtechtogtbecirguit elementsdferned withinedie A7 . LcondackpadsAdareformediby PVD,
CVD, electrolytic plating, or electroless plating process, Wire bonds 54 and bond pads 56 and 58
electricalfy cdnhect@dnaROFAds 48 OF sBATGHEtctsr e 4714 Cohitact Pads 826t BCE 22 forming the
first levelgackaginggMeddiag Compowund orencapstilant 6 isdepasited ovesseaueenducieiadie 47, wire
bonds 544 8ontact gads 48, and contact Eads 5 él;o growde Ehy%lgal dsupggrtaand %Iectr|c$l isolation for the

. are Q CJC Lo ,car er nas Ce rme . .
device. Contdct pads 64 are formed over asurfate of PCB 12 using dvaporation, €léctrdlytic plating,

electroless:plating, Screers printiagy,PVDnoraothep sditalié metabdepdsitiars peocess andlase dypically
pkﬂedtopackaging. Encapsulant 44 is deposited over the package for
environmental protection by preventing moisture and particles
from entering the package and contaminating die 34, contact pads
36, or wire bonds 42. DIP 24 is connected to PCB 12 by
inserting leads 40 into holes formed through PCB 12. Solder
material 46 is flowed around leads 40 and into the holes to

physically and electrically connect DIP 24 to PCB 12. Solder

material 46 can be any metal or electrically conductive
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prevent oxidation. Contact pads 64 electrically connect to one or more conductive signal traces 14. Solder
material is deposited between contact pads 52 of BCC 22 and contact pads 64 of PCB 12. The solder
material is reflowed to form bumps 66 which form a mechanical and electrical connection between BCC
22 and PCB 12. In FIG. 2c, semiconductor die 18 is mounted face down to carrier 76 with a flip
chip style first level packaging. BGA 20 is attached to PCB 12 with a BGA style second level packaging.
Active refifdhS0-Edntafirty analBg ot Wigital Birduitdimpléfentsty ag atfve' d&Vices, passive devices,
conductive; layers, anddielestric layers farmed withineserpicpngueter die 1@ isielgstrically, interconnected
according to the electrical design of the die, For example, the circuit may include one or more transistors,
diodes, ifiUctors capaditors, Fe&BIrS, artd'6thiar tiEdit BrenTentd torifdt WithAEEvE tEgion 70 of
semiconductongienl8yiSemieandusator died-Srisstectrically and mechanically attached to carrier 76
through a large number of inog\éidu | .conductive solder bumps or baélj g? Solde Pumﬁgs 78 are formed
ere

over bump pads or Intéreannédt sites 80" WhidH are disp&ded 61y a& gty 76 “BUMPAS 80 are
made withra eareluctive nsatetiak suclrasAldCa, 8, Ni Ath ondg; andtase £lecitealkyrcamnected to the

circuit elements formed jn active.regjon 70. Bump pads 80 are formed by PVD, CVD, el ctrg@@' plating,
or eIectrovfelsl:sepI%lﬁrrllrgl p?éc@s%. gﬁ d'géj% &J?nvp%iéj gr% SI%%R%aIIy gﬁg rgé::hla%iénaqlly}%%%ﬁe%t% toEE;:ontact
pads or Ihtereonrieck sit€s 82 onlcardercdd By besaldemefibagprogess. Semi corBBA 20risa&lectrically and

mechaniglalehaatt\;\ched t%g&%%z b%daslalge numberrg)giencgi\(/jig]lé%l Cé)nductive solger bumps or balls 86.

in S mou X C ler S1n .
The solder bumps are formed over ump pads or Interconnect sites 84. The bump pa%ls 4 are electrically
connectedntddnterdanrect sites:82 tisroughadndactivee mes=30 edutéd throbigh taermetrrs. @ontact pads 88

are formed aver-a syrface,0t PCB 12.uisipg evaporation, electrolytic plating, electrolass;plating, screen

printing, PVD, or other suitable metal deposition process and are typically plated to prevent oxidation.
Contact [sadsc88- efecirivallgreonhect te vnecsrimereleondiftive Bigital acds 14CFhe solder bumps 86 are

electrically and,mechanically cannegted to cantact pads gt honding nads 8810, PCB 12 by a solder reflow

process. Molding compound or encapsulant 92 is deposited over semiconductor die 18 and carrier 76 to

provide ph§BitaPsgporeand efectricat isblation for i déviee. [ The flipeHip Béficatductor device

provides g shortglgstrical eonduction path-fromtheagtive deviges pn.semigpducton die-18 1g,conduction
tracks on PCB 12 in order to reduce signal propagation distance, lower capacitance, and Improve overall
circuit peffofridace MAanbiterEtfbodiment, the’senfiésrnductordie 187456 meckanitaly and

electrically-gitached-directly {a PCH-12 using iipichip styledfirst levebpackagingwithoutcarrenr6.
the active region of die 47. Contact pads 48 are made with a
conductive material, such as Al, Cu, Sn, Ni, Au, or Ag, and are
electrically connected to the circuit elements formed within die
47. Contact pads 48 are formed by PVD, CVD, electrolytic
plating, or electroless plating process. Wire bonds 54 and bond
pads 56 and 58 electrically connect contact pads 48 of
semiconductor die 47 to contact pads 52 of BCC 22 forming the
first level packaging. Molding compound or encapsulant 60 is
deposited over semiconductor die 47, wire bonds 54, contact pads
48, and contact pads 52 to provide physical support and
electrical isolation for the device. Contact pads 64 are formed
over a surface of PCB 12 using evaporation, electrolytic
plating, electroless plating, screen printing, PVD, or other

suitable metal deposition process and are typically plated to
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FIGs. 3a-31 lllustrate a process of forming conductive vias in a peripheral region around a semiconductor
die. To start the process, FIG. 3a shows a plurality of semiconductor die 102 formed on a semiconductor
wafer 100 using conventional Integrated circuit processes, as described above. Each semiconductor die
102 Includes analog or digital circuits Implemented as active and passive devices, Integrated passive
devices (IPD), conductive layers, and dielectric layers formed on topside active surface 106 and

electricalRFIRETEONNECER BECTrding (o tha Fle &AL design 6 the dié 1R SIMBIEtheifuft may

Include ope Q¥dreredransistors; dicdes, andwotheycircuit elementsformed svithin agtive surface 106 to
Implement baseband digital circuits, such as digjtal signal processor (DSP), memory, or other signal

processifg BirdUit The Sentic6Rd&Br die i 3P fhay HsdEortain PD, Fiith S 1haGEtore tapaditors, and

resistor, fof radis freguency éREp sigoal processing. Centact pads 404 electtigallycannestto active and
passive d?/ic s and signal traces in active area%iOG of Senﬂconductor die 10k2h. Semiconductor die 102
a

are sepalated By saiv'streStS08 Tt BTG, 3B Semmiconducior wafdr 1001 Modtiied 15 Bxpaiision table 103

with ultraxiolet{UN/) 12pe so that contact pads 104 and active surface 106 are oriented face up. In

FIG. Sc, a saw blade of Ia%eféoolzllo cuts througgcsgw streleet 1_1%3 down to expansion table 103 in a
la |5thdless

dicing operation. The saw é cute asg%%lhca%ng awi ari the Width of saw street 108. In FIG.

3d, expansiorn dable 103 Thowes in twoEdinpensiorplateral dirédtios's, asshdbwpdiykargowsy 114 Bterexpand

the width saw St{%%tclr?e% i.g.d f?,r%%alpzer;%\gﬁal are%ié)g 1Slf? %ned cS:reeaé% g gfg%tg physigal separati_on
between the die. %xpansmn table 103 moves substantially t & same distance in the x-axis and y-axis
within thectoléraate of thettabler eonteal 1o proVide separationarenad aperiphenpofedch die. The

post-expansian Width.qfpedbiral tegion 116, fanugs fo0L8-200.um, The gxpanded dimension depends

on the design embodiment, 1.e., half-THV, full-THV, single row via, or double/multiple row via.
an alternateneimbodivirent athersemigoAducterd water is dicedas separare the' sémiconductor die. The

individual,semicopductor fiesare then fransferred.and affixed o 4 tempran.chig CAIRIIAA +o

pick-and-place operation using an adhesive layer, e.g., thermal epoxy. The semiconductor die are placed

on the chifpBafi? Sbst® halesd predeferriified Iseparatioh 6Kpétiptferaliegioht IiT gehersd the
separationhas,sufficignt width to- form-gonductive yiaswithin the peripheral tegien,as-desgribed below.
resistors, and other circuit elements formed within active
region 70 of semiconductor die 18. Semiconductor die 18 1is
electrically and mechanically attached to carrier 76 through a
large number of individual conductive solder bumps or balls 78.
Solder bumps 78 are formed over bump pads or interconnect sites
80, which are disposed on active region 70. Bump pads 80 are
made with a conductive material, such as Al, Cu, Sn, Ni, Au, or
Ag, and are electrically connected to the circuit elements
formed in active region 70. Bump pads 80 are formed by PVD,
CVD, electrolytic plating, or electroless plating process.
Solder bumps 78 are electrically and mechanically connected to
contact pads or interconnect sites 82 on carrier 76 by a solder
reflow process.
BGA 20 is electrically and mechanically attached to
PCB 12 by a large number of individual conductive solder bumps

or balls 86. The solder bumps are formed over bump pads or
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In FIG. 3e, an organic insulating material 120 is deposited in peripheral region 116 using spin coating,
needle dispensing, or other suitable application process. FIG. 3f is a top view of organic insulating
material 120 deposited in peripheral region 116. Organic material 120 can be benzocyclobutene (BOB),
polyimide (PI), or acrylic resin. Alternatively, other non-conductive materials such as a polymer molding
compound, liquid epoxy molding, compression molding, soft laminating film, or other material having

dielectric et GREASHSUIZHHG Properties &an BERpBefed ipéfsherafegioh=EL6: Yrhe non-conductive

materialsccamalse e deposited ustigha dranster amoldingrorripjegtion srlding precessaes 90 In FIG. 3g,
a portion of organic material 118 is removed by laser drilling or deep reactive ion etching (DRIE) to create

openings'&HHGiSs 122 s extérids  Gowr 9o expandior tabig 1935 Tha bpehigieo P d%iEnd completely

through thepesipberst regisn fron ene gidesaithesemiaonducierdie 19 its opposie sige. FIG. 3h shows a
top view o openin%s 122. The sidewalls of o enings 122 can l%e vertical or ta ered,.t In FIG. Si, an
electrically SOndURLITE Mdtefal 15% is Hepodsited ntd bpefings 122 §ding . SVbt8basoration,
electrolyticeplatingleglectialess platingescreen grinting torcdthen Syitable metaldepasitiomprocess. An
electricall(}/ co dtuctive m eri%la}%%ﬁ}nis %%teg%ede%gd deggsaiﬁd over org%rgictmaterial 120 using PVD,

CVD, evaﬁioraﬁ‘onl,oerféctro ﬁtrllc p ctroless szﬁﬁlg, screéncp?lrrll%ng, or othér suitablé Metal

depositiongrdcessi v eptipnal passivationl lhyer tare be depesitédioper Sémicoaductor wafer 100 to

Isolate conductive layer 128 from active.surface 106. The passivation layer.can _be one or more layers of
Siicon donds (G169, Tican e (SN Sicon Dt (STON) DAt bontahde (1a505)
aluminunporidien(AI268) soB6then nitéridl havingesiamlad msulatingcandosteuctaral profpertiesidThe

insulating |ayer is, depasited using RYR, QY. prinfing, spin ceaing, spray coafing, sintering or thermal

oxidation. A portion of passivation layer is removed by an etching process to expose contact pads 104.
The condugtieadhyer128<fornsé sighabravesior rulistiibatiorslage s (R toselectficaliaéonnect contact

pads 104;to condugtive- material 126, asshowpyjn FS; 31. Jhe canductive material 126,and conductive
layer 128 can be one or more layers of Al, Cu, Sn, Ni, Au, Ag, or other suitable electrically conductive
material.provides a short electrical conduction path from the active

devices on semiconductor die 18 to conduction tracks on PCB 12

in order to reduce signal propagation distance, lower

capacitance, and improve overall circuit performance. 1In

another embodiment, the semiconductor die 18 can be mechanically

and electrically attached directly to PCB 12 using flip chip

style first level packaging without carrier 76.

FIGs. 3a-31 illustrate a process of forming conductive

vias in a peripheral region around a semiconductor die. To

start the process, FIG. 3a shows a plurality of semiconductor

die 102 formed on a semiconductor wafer 100 using conventional

integrated circuit processes, as described above. Each

semiconductor die 102 includes analog or digital circuits

implemented as active and passive devices, integrated passive

devices (IPD), conductive layers, and dielectric layers formed

on topside active surface 106 and electrically interconnected

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

circuit may include one or more transistors, diodes, and other
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In FIG. 3k, semiconductor die 102 are singulated through a center portion of peripheral region 116, i.e., to
bisect conductive material 128 and create conductive through hole vias (THV) 130. The peripheral region
116 is cut by a cutting tool 132 such as a saw blade or laser. By cutting through the center of conductive
material 126, THVs 130 are conductive half-vias which provide an electrical connection from one side of
semiconductor die 102 to the opg;?)site side of the die. The cutting tool completely severs the peripheral

region to Separaté thd GRCTHE. 32 SRBMH S E-fopView Of THVS PE0TIRE séMfcondudir tid'aFe-removed

from expapsiendabled03i tal cifbeiprecessftow 98 FHGS i3a:31 maynalsogiseakconfigured wafer
technique involving the attachment of a plurality of semiconductor die on a temporary carrier. An

encapsulaRtis degbsRed Bref thePSetficonddctor die: eonttichive Vinard formed tHrough vias in the
encapsulast fhencartenis debonded anghRBLS are fermechbaetmeengortact padsan-ther semiconductor
die and conductjve vias. An Interconnect strL%cture such as solder bumpz are formed and the wafer is

singulated IR IhdNTdiral S8Midordtttordie. °F TAFIB. 4 SHONE & YinAFEonfigtiFation for semiconductor
die 102 wittoearndtictive THWsh13Q forpetksinladperpkerakregion ¢f therdie ta pravide-an etecitical
connectionafsrgmvone gi‘ge o@fseagg ie ;[Lo %h Oonas(i:thsidenof t(pte.qfig. ggngu%ta/ T V_s 130 eleqtrically
connect ﬂ%rougjh RDIS'19810 contact p%d% 04, 3sWell'as {6 active and passive devices and signal
traces in active arelub@® of semicbhductogeiel t@2ductor die 102 are separated by

saw street 108. In FIG. 3b, semiconductor wafer 100 is mounted

to expansion table 103 with ultraviolet (UV) tape so that

contact pads 104 and active surface 106 are oriented face up.

In FIG. 3c, a saw blade or laser tool 110 cuts through
saw street 108 down to expansion table 103 in a dicing
operation. The saw blade cuts a gap having a width less than
the width of saw street 108. In FIG. 3d, expansion table 103
moves in two-dimension lateral directions, as shown by arrows
114, to expand the width of saw street 108, i.e., form a
peripheral region 116 and create a greater physical separation
between the die. Expansion table 103 moves substantially the
same distance in the x—-axis and y-axis within the tolerance of
the table control to provide separation around a periphery of
each die. The post-expansion width of peripheral region 116
ranges from 5-200 pm. The expanded dimension depends on the
design embodiment, i.e., half-THV, full-THV, single row via, or
double/multiple row via.

In an alternate embodiment, the semiconductor wafer is
diced to separate the semiconductor die. The individual
semiconductor die are then transferred and affixed to a
temporary chip carrier in a pick-and-place operation using an
adhesive layer, e.g., thermal epoxy. The semiconductor die are

placed on the chip carrier so as to have a predetermined
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FIG. 5 shows semiconductor die 140 with conductive full-THVs 142 formed in a peripheral region of the
die to provide an electrical connection from one side of each die to the opposite side of the die. To form
full-THVs 142, the peripheral region is made sufficiently wide to form two side-byside conductive regions
like 126 in FIG. 31. The peripheral region is filled with organic material like 120 and the two conductive
regions are formed separated by the organic material in the peripheral region. The cutting tool severs the
organic m&eAAPLetRReRthE ThodRbaIVEHAS To provid I RINEFIAVs 1154%(? REARAIAL dformed similar
to RDLs 328 in Eien3]. Gonductive FidVs ld2relectrically eannect thrpugh RRL$244 to eentact pads 146
of semiconductor die 140. .. FIG. 6 shows two stacked semiconductor die 140 electrically
interconretted’ i thd Vet {2) ik clibn rough conductive THVs 142. The active and passive devices
and signal traces in active area. 148 pf each seancondustor the 140 electdeally iconpect through contact
pads 146, RDL 144, and conductive THVs 142. FIG. 7 shows semiconductor die }50 with
conductivERASTHIGS 153 al%%r&doril}ﬁ five a9V s 154 FSrhish SR mIfise 'otfaet rdWs 'S peripheral
region araus@thesdiedp providelasreleatricabdenngstion fromi one sidecefseach diedo the otherside of the
die. To fotrm fuII-.‘IéHV% 52 and hacllf-THVs 15t4:L %he %gri%r}erggtre]%%n [ mgge tsugici.erptly wide to form
three condUctive réqgions,ciff(%% mllﬂél.ﬂﬁ, in mu |pTe oftSet rows. The peﬁpﬁera? region is filled with
organic npatetiphlikea120-and the ¢anductVegegionsrexe forired dejfarated yethe organic material in the
peripheral region. The cutting to ers the middle co tive via to provide one full-THV 152 and one
half-THV%leSKﬁ%i%%%g lp%krlllﬁﬁgrlga? rgé%er?/)of e]fejl(cj?]l %érr%}coend%%?gr'dig 150, gﬁ%écl%%rlenférmed similar to
RDLs 128 It F1G 23] Cohductive1H Visa52- 054l efecincallp coaneetlthrcughhRBs sa 56tocodtact pads
198, as welhas In Adyeand passive, dovices and sianah races in s, adlive greq of seqiconductor die
150. Semiconductor die 102, 140, and 150 may each contain baseband circuits that are
susceptilsie ¢ EMINRF tormsthéri e rferened hstichras-capatitivied indugtidé edreasoinduetive coupling. In
other embediments,.semicandugtor, die 102, 140; and 150 ontajn infegratad passive deyices{(IPD) that
generate EMI, RFI, and other Interference. For example, the IPDs contained within semiconductor die
102, 140r&8d 280 ptévide The eleetricat HAREISIRIBS heeded fordgh dregteRey appicatibns, such as

resonatorss p@-ga&ﬁl};p& e@wﬁgq%ﬁlgerg,rbqqu@@gqglrtler1§0§mm§t@q: Hl-Q resonant transformers,
and tuning capacitors. The IPDs can be used as front-end wireless RF components, which can be

positioned between the Anfehha atfér trandteiet OThe tPDIAGECSr Bart BE Hi-O Yalur® transformer, or
coil, operating wpdoP01Gigahedz 1 Imsarpe @pphicationse Auitiple bakmsareeraed on A-sareg
substrate, allowing multi-band operation. For example, two or more baluns are used in a quad-band for
mobHepﬁBﬁE@%ﬁ(ﬁﬁﬁPl“gs or holes 122 that extends down to expansion

table 103. The openings 122 extend completely through the

peripheral region from one side of the semiconductor die to its

opposite side. FIG. 3h shows a top view of openings 122. The

sidewalls of openings 122 can be vertical or tapered.

In FIG. 3i, an electrically conductive material 126 is

deposited into openings 122 using PVD, CVD, evaporation,

electrolytic plating, electroless plating, screen printing, or

other suitable metal deposition process. An electrically

conductive material 128 is patterned and deposited over organic

material 120 using PVD, CVD, evaporation, electrolytic plating,

electroless plating, screen printing, or other suitable metal

deposition process. An optional passivation layer can be

deposited over semiconductor wafer 100 to isolate conductive
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global system for mobile (GSM) communications, each balun is 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.

FIG. 8 shows further detail of the peripheral region around semiconductor die 140, THVs 142, and RDL

144 from FIG. 5. In one embodiment, one THV 142a may carry a digital signal switching at a high rate. An
adjacent TRRE 14215 Cafrfed P RESIGna M Whithss St&ceptibllé td BRI BAATR AR Thetigh frRguBhcy

switching-efthe digitat @n T A42acogitd induse EEMkard RES noise, and; advessely affectithe RF signal
on the adjacent THV 142b. To reduce the effects of intra-device EMI and RFI within

semiconduttol dié 149! A roide SBY0HbINg 6 shiciny regicH t6d Empianted ot forhiéd iPdrganic
material 32@in therpesiphesal (rgivoDetween conductive: EHVS1142a-and; 142k 0f semiconductor die 140.
Shielding.region 160 is typically formed prjor to singulation. In one embodiment, shjeldin region 160 is
formed ab CTAAE MRteAaT 120 B Hepdsiad PARBRARIE, shilding Fegior 160 s iblanted after organic
material 12pissdepasited, eq. after, thevognductivie Thitys areiformed tTher EMifREshieldingrggion 160
has an ar:]qugll%lrérsemi-cirrcu(%alg,erecg1 ngulardgrtotger gegmeé@gcsg%ped IG. g is a Cross-s gti%nal view of
shielding region Te0 exten mgrtﬁlrougﬁxthe pe%ipﬂéral re&on of Semiconductor die 140 to Shield adjacent
conductivies TiH&sM2a and 242l fromi imdrapdevices EMI @nelREk Shigldingaegiomdk60Lis4connected to a
low-impedance ground point on a substrate or printed circuit board (PCB) to provide.a discharge path for
the EMI/Iglaleeﬁegr%éj}lgﬁﬁeYcﬁng ?ggelgn i%% c%%rg]esagl ggt%c%gt%ﬁél such as (l:asr%]fﬁ)h%gélg or aluminum
flake to réducerthe @ffdets 0PEM antREle Altgrmatively; shiefditig eégiond 601dah Bbevsoft-magnetic

materials syeh as teprte or.carbanyl jrop, Cui, Al Stajpless stael, nickel silygr, lowscatbon gteel, silicon-iron

steel, foil, epoxy, conductive resin, and other metals and composites capable of blocking or absorbing
EMI, RFImaihé birrek idtepfeperibeconduct jiyan biteataté €inbscdiment, EMI/RF| roise absvfsing or

shielding yratefial 162 issimplanted,or deposited bgiwesn and arqund conductive T ﬂ\%s 142 in dispersed
configuration, as shown in FIG. 10. The dispersed configuration may either be through holes filled with
noise absotBMgOr SHiemghatetials or in granular particulates implanted in organic material 120.

Shielding material 162 ganghesa diglectre,matsrial such-asi¢arbep-blackoralyminumdlake to reduce the
effects of EMI and RFI. Alternatively, shielding material 162 can be soft-magnetic materials such as ferrite

or carboriyMHrBHIEUSAF StdiffesB Steet Omickdl SFEr Rivicathditsteen silitbn-irorfsteelt©

bisect conductive material 128 and create conductive through
hole vias (THV) 130. The peripheral region 116 is cut by a
cutting tool 132 such as a saw blade or laser. By cutting
through the center of conductive material 126, THVs 130 are
conductive half-vias which provide an electrical connection from
one side of semiconductor die 102 to the opposite side of the
die. The cutting tool completely severs the peripheral region
to separate the die. FIG. 31 shows a top view of THVs 130. The
semiconductor die are removed from expansion table 103.

The process flow of FIGs. 3a-31 may also use a

reconfigured wafer technique involving the attachment of a

plurality of semiconductor die on a temporary carrier. An
encapsulant is deposited over the semiconductor die. Conductive
via are formed through vias in the encapsulant. The carrier is

debonded and RDLs are formed between contact pads on the
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foil, epoxy, conductive resin, and other metals and composites capable of blocking or absorbing EMI, RFl,
and other intradevice interference. FIG. 11 shows noise absorbing or shielding region 164
implanted or deposited in organic material 120 in the peripheral region between semiconductor die 140. In
this embodiment, the EMI/RFI shielding region 164 is circular and implanted or deposited around
conductive THVs 142. Shielding region 164 extends through the peripheral region of semiconductor die

140 to shiSIE SORRERT EBAdGCHve 9V E 3840 Titraldévice ENN drith REF SHigfding region 164 is

connectegtteaclowrinprdance greund peint e subsirate onELCB tRipravide,a discharge path for the
EMI/RFI energy. Shieldin% region 164 can be a dielectric material such as carbon-black or

aluminun’ HERE G FSlictthe etfelts oAt afd R CREGMEGVelS Shielding region 164 can be
soft-magnetic materialg sach as fersite; or carbeayl irem Guy Al a staiiesosteekmickehailver olow-carbon

steel, silican-iron steel, foil, epoxy, conductive resin, and other metals and composites capable of blocking
or absorIG EMIZ L and GO hr e ded Ao e ahad L6 F1G=E SHAN hote agébrbing or
shieldinga€gionel G6i knplantedorideposited ire organicatenal d20iin the peripheral regien bétween

semiconduct r((ijjgzelotz. Ir]C%hés embodirggnt the EM /R%JF?I1 shi Iging rsgion 166.is s '-vcirc and

implante& or eposltedp around donductive ‘Fﬁ S iel iﬁg'reglonnfé%ceﬁ‘éﬁds r%ug he peripheral

region ofskeautcanductdrydie dd2<totshidld adigceRb tondudiived s 130 frapadura-dévice £MI and RFI.

Shleldlnqﬂrejg on 166C|s co necéeda%)dagjoav%-lsrgggd nce. %rogngrpé)lrgion a pubstrate or.PCB to provide a

discharge %at for the EMI/RF| energy. FIG. 13 shows barrie??ayer 68formed around
conductivecTHVs I A Adise abseririg ondhielding reigionrd 470 is formed around barrier layer 168. After

openings 122 are form§gG§ee5 FL%.O\EA% s@&@_igggggig@oyod@efo&r%d ‘gpttge g%r}%{é&l{fggg of the cavity.

Barrier layer 168 is formed over shielding region 170. In one embodiment barrier layer 168 can be one or
more layérslof-arHinsulafing heatefdl suthraseSIORISIZNYG, STIONTaRD5 Ritcohi€Zro2), Al203, polyimide,

BCB, polybenzoxazgles(PBQ), or.gther maierialhaving similar dnsulafing,and stryctyral prperties.

Barrier layer 168 is deposited using PVD, CVD, printing, spin coating, spray coating, sintering or thermal
oxidationt IFhe teRRMIRG pditith Sflogeringsie22 istflledlawith Evrductivé matéfial todrm conductive

IHVs 142, Shieldingegion L 7hextends trough the peripheralregion gf sepicondyctor gie 140 to shield
adjacent conductive IHVs 142 from intra-device EMI and RFI. Shielding region 170 is connected to a
low-impedaf€e gt pdiNEor akubREratelsePERto Btovite a dischareSath Frth8 EMI/RFI energy.

region is filled with organic material like 120 and the two
conductive regions are formed separated by the organic material
in the peripheral region. The cutting tool severs the organic
material between the two conductive vias to provide full-THVs
142. RDLs 144 are formed similar to RDLs 128 in FIG. 37j.
Conductive THVs 142 electrically connect through RDLs 144 to
contact pads 146 of semiconductor die 140.

FIG. 6 shows two stacked semiconductor die 140
electrically interconnected in the vertical (z) direction
through conductive THVs 142. The active and passive devices and
signal traces in active area 148 of each semiconductor die 140
electrically connect through contact pads 146, RDL 144, and
conductive THVs 142.

FIG. 7 shows semiconductor die 150 with conductive

full-THVs 152 and conductive half-THVs 154 formed on multiple
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Shielding region 170 can be a dielectric material such as carbon-black or aluminum flake to reduce the
effects of EMI and RFI. Alternatively, shielding region 170 can be soft-magnetic materials such as ferrite
or carbonyl iron, Cu, Al, stainless steel, nickel silver, low-carbon steel, silicon-iron steel, foil, epoxy,
conductive resin, and other metals and composites capable of blocking or absorbing EMI, RFI, and other
intra-device interference. FIG. 14 shows noise absorbing or shielding region 172 implanted or

deposited " Giganfrterial 4 285A e’ fergheraPregior betsen <emitoRdictoPaieViAs: 1A%his

embodimens eachd&MI/Rkh shietding regien 172ds gvakorgrectangslar anddimplanrted af geposited around
two or more conductive IHVs 142. Shielding rgﬁion 172 extends through the peripheral region of

semicondUctsr i€ 120F0%Held abifacet Bonductive Hiv/s' 142 76 it ddeWttEem? and RE. Shielding

region 17428 genaeatedrited low-impedance greyund peint on avsudlestraie o6 B ka-peovide a discharge

path for the EMI/RFI enu%r%;%., S ielcliin% re iog 172 can be a diel %tric mate]gi | such as
carbon-biaeR O AdminuhT fake Ty redties thé effbtts of EMIand REITAitérhRfivel§,  &higiding region 172
can be saftwagnetinenaterialstatichlas-fegriteror icarkidnyl #onyCuh Af istaintesssteead rnigkel silver,

low-carbqn steel, silicon-irgn steel, foil, epoxy, conductive resin, and other metals_ and composites
capatie STUTGokiA of Bsame ER AT S Ges e e TS e Ea S o B PREC s
noise absorbmgicr simeldingaregion I7dinpplantdueoradepositedin orgédmic materiald 26dnthe peripheral
region between semiconductar die 140. In this embodiment, the.EMI/RFI s iell igg 9gi 2’[74i circular
and implasnetg ‘or dlé,}f)%s.f['?elé:‘E g%oeun%oc;\‘gs%%nto%\ﬁ"leult\ﬁg rlc%v?/spo con SctR/%engfs 42 é)r hl?ggher%%%sity I/0.
Shieldingoregidre 174 €XiéndS through!the iperiphérat #dgior ©f semidoneiuctor e 1401td shiefd adjacent

conductive, Vs $42 fropy Intracdevice, EMJ anol REL shielding yegjon.1 44 is copnected to.a
low-impedance ground point on a substrate or PCB to provide a discharge path for the EMI/RFI energy.
Shielding-eibic 74 ead hésa diefectid niaterdlsuch bbvcarbomndidckidrauminuti flake & réduce the

effects of LM} apd RElAltematively, shieldingregion, 174 canhe;soft: magnetig matedals sugh as ferrite
or carbonyl iron, Cu, Al, stainleés steel, nickel silver, low-carbon steel, silicon-iron steel, foil, epoxy,
conductivel (s, dnePGtRer ietals andComisosites TapabReSTISIOEKNG bP AbSedIngEMI, RFI, and other

intra-device interferencg.y i conductor die 102, 140, and 150 may each contain
baseband circuits that are susceptible to EMI, RFI, or other
interference, such as capacitive, inductive, or conductive
coupling. In other embodiments, semiconductor die 102, 140, and
150 contain integrated passive devices (IPD) that generate EMI,
RFI, and other interference. For example, the IPDs contained
within semiconductor die 102, 140, and 150 provide the
electrical characteristics needed for high frequency
applications, such as resonators, high-pass filters, low-pass
filters, band-pass filters, symmetric Hi-Q resonant
transformers, and tuning capacitors. The IPDs can be used as
front—-end wireless RF components, which can be positioned
between the antenna and transceiver. The IPD inductor can be a
hi-Q balun, transformer, or coil, operating up to 100 Gigahertz.
In some applications, multiple baluns are formed on a same
substrate, allowing multi-band operation. For example, two or

more baluns are used in a quad-band for mobile phones or other
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While one or more embodiments of the present invention have been illustrated in detail, the skilled artisan
will appreciate that modifications and adaptations to those embodiments may be made without departing

from the scope of the present invention as set forth in the following claims. Claims What is claimed: 1. A
semiconductor device, comprising: a first semiconductor die with a first surface and a second surface

opposite the first surface; , , , ,
global system for mobile (GSM) communications, each balun is

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.

FIG. 8 shows further detail of the peripheral region
around semiconductor die 140, THVs 142, and RDL 144 from FIG. 5.
In one embodiment, one THV 142a may carry a digital signal
switching at a high rate. An adjacent THV 142b carries an RF
signal, which is susceptible to EMI and RFI. The high frequency
switching of the digital on THV 142a could induce EMI and RFI
noise and adversely affect the RF signal on the adjacent THV
142b.

To reduce the effects of intra-device EMI and RFI
within semiconductor die 140, a noise absorbing or shielding
region 160 is implanted or formed in organic material 120 in the
peripheral region between conductive THVS 142a and 142b of
semiconductor die 140. Shielding region 160 is typically formed
prior to singulation. In one embodiment, shielding region 160
is formed as organic material 120 is deposited. Alternatively,
shielding region 160 is implanted after organic material 120 is
deposited, e.g. after the conductive THVs are formed. The
EMI/RFI shielding region 160 has an angular, semi-circular,
rectangular, or other geometric shape. FIG. 9 is a cross-
sectional view of shielding region 160 extending through the
peripheral region of semiconductor die 140 to shield adjacent
conductive THVs 142a and 142b from intra-device EMI and RFI.
Shielding region 160 is connected to a low-impedance ground
point on a substrate or printed circuit board (PCB) to provide a
discharge path for the EMI/RFI energy.

Shielding region 160 can be a dielectric material such
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a second semiconductor die laterally separated from the first semiconductor die; an insulating material
disposed between the first and second semiconductor die that extends between a level of the first surface
and a level of the second surface; a conductive through hole via (THV) formed through the insulating
material; a conductive layer formed between the conductive THV and contact pads on the first and
second semiconductor die; and noise absorbing material disposed around the conductive THV to

isolate theSir§eanPsecoritSerficoRduetorie frdmiftradevic titerférence f 25 The semi€dtductor
device ofglainrk1whereir henaeiseabsorhing maieral extendsbeatweendhe tevel of the first surface to

the level of the second surface, , ,
magnetic materials such as ferrite or carbonyl iron, Cu, Al,
stainless steel, nickel silver, low-carbon steel, silicon-iron
steel, foil, epoxy, conductive resin, and other metals and
composites capable of blocking or absorbing EMI, RFI, and other
interference.

In an alternate embodiment, EMI/RFI noise absorbing or
shielding material 162 is implanted or deposited between and
around conductive THVs 142 in dispersed configuration, as shown
in FIG. 10. The dispersed configuration may either be through
holes filled with noise absorbing or shielding materials or in
granular particulates implanted in organic material 120.
Shielding material 162 can be a dielectric material such as
carbon-black or aluminum flake to reduce the effects of EMI and
RFI. Alternatively, shielding material 162 can be soft-magnetic
materials such as ferrite or carbonyl iron, Cu, Al, stainless
steel, nickel silver, low-carbon steel, silicon-iron steel,
foil, epoxy, conductive resin, and other metals and composites
capable of blocking or absorbing EMI, RFI, and other intra-
device interference.

FIG. 11 shows noise absorbing or shielding region 164
implanted or deposited in organic material 120 in the peripheral
region between semiconductor die 140. 1In this embodiment, the
EMI/RFI shielding region 164 is circular and implanted or
deposited around conductive THVs 142. Shielding region 164
extends through the peripheral region of semiconductor die 140
to shield adjacent conductive THVs 142 from intra-device EMI and
RFI. Shielding region 164 is connected to a low-impedance
ground point on a substrate or PCB to provide a discharge path

for the EMI/RFI energy.
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3. The semiconductor device of claim 1, wherein the noise absorbing material has an angular,
semi-circular, or rectangular shape. 4. The semiconductor device of claim 1, further including a plurality
of conductive THVs such that the noise absorbing material is dispersed between the plurality of
conductive THVs. 5. The semiconductor device of claim 1, wherein the noise absorbing material is
disposed around a plurality of conductive THVs. 6. The semiconductor device of claim 1, further including

a barrier layer formed Béthieet the nofE-aBsorBingTRaterial and tBhaGctvECT v % odericohductor
device, campFisk@on-black or aluminum flake to reduce the effects of EMI

and RFI. Alternatively, shielding region 164 can be soft-
magnetic materials such as ferrite or carbonyl iron, Cu, Al,
stainless steel, nickel silver, low-carbon steel, silicon-iron
steel, foil, epoxy, conductive resin, and other metals and
composites capable of blocking or absorbing EMI, RFI, and other
intra-device interference.

FIG. 12 shows noise absorbing or shielding region 166
implanted or deposited in organic material 120 in the peripheral
region between semiconductor die 102. In this embodiment, the
EMI/RFI shielding region 166 is semi-circular and implanted or
deposited around conductive THVs 130. Shielding region 166
extends through the peripheral region of semiconductor die 102
to shield adjacent conductive THVs 130 from intra-device EMI and
RFI. Shielding region 166 is connected to a low-impedance
ground point on a substrate or PCB to provide a discharge path
for the EMI/RFI energy.

FIG. 13 shows barrier layer 168 formed around
conductive THVs 142. A noise absorbing or shielding region 170
is formed around barrier layer 168. After openings 122 are
formed, see FIG. 3g, shielding region 170 is formed on the inner
surface of the cavity. Barrier layer 168 is formed over
shielding region 170. In one embodiment barrier layer 168 can
be one or more layers of an insulating material such as Si02,
Si3N4, SiON, Ta205, zircon (Zr02), Al203, polyimide, BCB,
polybenzoxazoles (PBO), or other material having similar
insulating and structural properties. Barrier layer 168 is
deposited using PVD, CVD, printing, spin coating, spray coating,
sintering or thermal oxidation. The remaining portion of

openings 122 is filled with conductive material to form
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a semiconductor die with a first surface and a second surface opposite the first surface; an insulating
material disposed around the semiconductor die that extends between a level of the first surface and a
level of the second surface; a conductive through hole via (THV) formed through the insulating
material; a conductive layer formed between the conductive THV and a contact pad on the first
surface of the semiconductor die; and a shielding region disposed around the conductive THV to

isolate the ¥ePMESAdTCtordid fiot intraBFicd i@ riefehi@? 8 TheSediRikdRdiEbPEalicE ¥t claim 7,
wherein the:shigldingregioniexiends tueuah theuinsdlatingdnatepak o shield adjacent

conductive THVs 142 from intra-device EMI and RFI. Shielding
region 170 is connected to a low-impedance ground point on a
substrate or PCB to provide a discharge path for the EMI/RFI
energy.

Shielding region 170 can be a dielectric material such
as carbon-black or aluminum flake to reduce the effects of EMI
and RFI. Alternatively, shielding region 170 can be soft-
magnetic materials such as ferrite or carbonyl iron, Cu, Al,
stainless steel, nickel silver, low-carbon steel, silicon-iron
steel, foil, epoxy, conductive resin, and other metals and
composites capable of blocking or absorbing EMI, RFI, and other
intra-device interference.

FIG. 14 shows noise absorbing or shielding region 172
implanted or deposited in organic material 120 in the peripheral
region between semiconductor die 140. In this embodiment, each
EMI/RFI shielding region 172 is oval or rectangular and
implanted or deposited around two or more conductive THVs 142.
Shielding region 172 extends through the peripheral region of
semiconductor die 140 to shield adjacent conductive THVs 142
from intra-device EMI and RFI. Shielding region 172 is
connected to a low-impedance ground point on a substrate or PCB
to provide a discharge path for the EMI/RFI energy.

Shielding region 172 can be a dielectric material such
as carbon-black or aluminum flake to reduce the effects of EMI
and RFI. Alternatively, shielding region 172 can be soft-
magnetic materials such as ferrite or carbonyl iron, Cu, Al,
stainless steel, nickel silver, low-carbon steel, silicon-iron
steel, foil, epoxy, conductive resin, and other metals and

composites capable of blocking or absorbing EMI, RFI, and other
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9. The semiconductor device of claim 7, wherein the shielding region has an angular, semi-circular, or
rectangular shape. 10. The semiconductor device of claim 7, further including shielding material
dispersed in the insulating material between conductive THVs. 11. The semiconductor device of claim 7,
further including the shielding region formed completely around the conductive THV. 12. The
semiconductor device of claim 7, further including a barrier layer disposed between the shielding region
and condtietivé TRRY 1 £8. TRE-§&mfcomidtiEtor device of claim 7, further including the shielding region
formed around a plurality of conductivesT H¥s s d 4a Asermicarductosdewice GOMpISinGn 174

implanted or deposited in organic material 120 in the peripheral
region between semiconductor die 140. 1In this embodiment, the
EMI/RFI shielding region 174 is circular and implanted or
deposited around offset or multiple rows of conductive THVs 142
for higher density I/0. Shielding region 174 extends through
the peripheral region of semiconductor die 140 to shield
adjacent conductive THVs 142 from intra-device EMI and RFI.
Shielding region 174 is connected to a low-impedance ground
point on a substrate or PCB to provide a discharge path for the
EMI/RFI energy.

Shielding region 174 can be a dielectric material such
as carbon-black or aluminum flake to reduce the effects of EMI
and RFI. Alternatively, shielding region 174 can be soft-
magnetic materials such as ferrite or carbonyl iron, Cu, Al,
stainless steel, nickel silver, low-carbon steel, silicon-iron
steel, foil, epoxy, conductive resin, and other metals and
composites capable of blocking or absorbing EMI, RFI, and other
intra-device interference.

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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a semiconductor die with a first surface and a second surface opposite the first surface; a conductive
through hole via (THV) laterally separated from the semiconductor die that extends between the first and
second surfaces; a conductive layer formed between the conductive THV and a contact pad of the
semiconductor die; and a shielding region formed around the conductive THV to isolate the
semiconductor die with respect to interference. 15, The semiconductor device of claim 14, wherein the
shielding region has an angular, semi-circular, orfé@&fgular shape. 16. The semiconductor device of
claim 14, further including a plurality of conductive THVs such that the shielding region is formed between

the pIuraIit% of conductive THVs.
What is claimed:

1. A semiconductor device, comprising:

a first semiconductor die with a first surface and a second
surface opposite the first surface;

a second semiconductor die laterally separated from the
first semiconductor die;

an insulating material disposed between the first and
second semiconductor die that extends between a level of the
first surface and a level of the second surface;

a conductive through hole via (THV) formed through the
insulating material;

a conductive layer formed between the conductive THV and
contact pads on the first and second semiconductor die; and

noise absorbing material disposed around the conductive THV
to isolate the first and second semiconductor die from intra-

device interference.

2. The semiconductor device of claim 1, wherein the noise
absorbing material extends between the level of the first

surface to the level of the second surface.

3. The semiconductor device of claim 1, wherein the noise
absorbing material has an angular, semi-circular, or rectangular

shape.
4. The semiconductor device of claim 1, further including a
plurality of conductive THVs such that the noise absorbing

material is dispersed between the plurality of conductive THVs.
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17. The semiconductor device of claim 14, further including the shielding region formed completely
around the conductive THV. 18. The semiconductor device of claim 14, further including the shielding
region formed around a plurality of conductive THVs. 19. The semiconductor device of claim 14, further
including a barrier layer formed between the shielding region and conductive THV. 20. A semiconductor
device, comprising: a semiconductor die;

5. The semiconductor device of claim 1, wherein the noise
absorbing material is disposed around a plurality of conductive

THVs.

6. The semiconductor device of claim 1, further including a
barrier layer formed between the noise absorbing material and

conductive THV.

7. A semiconductor device, comprising:

a semiconductor die with a first surface and a second
surface opposite the first surface;

an insulating material disposed around the semiconductor
die that extends between a level of the first surface and a
level of the second surface;

a conductive through hole via (THV) formed through the
insulating material;

a conductive layer formed between the conductive THV and a
contact pad on the first surface of the semiconductor die; and

a shielding region disposed around the conductive THV to

isolate the semiconductor die from intra-device interference.

8. The semiconductor device of claim 7, wherein the shielding

region extends through the insulating material.

9. The semiconductor device of claim 7, wherein the shielding

region has an angular, semi-circular, or rectangular shape.
10. The semiconductor device of claim 7, further including

shielding material dispersed in the insulating material between

conductive THVs.
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a conductive through hole via (THV) laterally separated from the semiconductor die; a conductive

layer formed between the conductive THV and a contact pad of the semiconductor die; and

shielding material disposed around the conductive THV to isolate the semiconductor die with respect to
interference. 21. The semiconductor device of claim 20, wherein the shielding material extends from a

first side of the semiconductor die to a second side of the semiconductor die opposite the first side. 22.
The semiconductor device of claim 20, wherein the shielding material has an angular, semi-circular, or

rectangutar shapee 23emhe sgmicanducierdevice-ef claim 207further including the,shiglding material

dispersed between a plurality of conductive THVs. ,
shielding regidn formed completely around the conductive THV.

12. The semiconductor device of claim 7, further including a
barrier layer disposed between the shielding region and

conductive THV.

13. The semiconductor device of claim 7, further including the

shielding region formed around a plurality of conductive THVs.

14. A semiconductor device, comprising:

a semiconductor die with a first surface and a second
surface opposite the first surface;

a conductive through hole via (THV) laterally separated
from the semiconductor die that extends between the first and
second surfaces;

a conductive layer formed between the conductive THV and a
contact pad of the semiconductor die; and

a shielding region formed around the conductive THV to

isolate the semiconductor die with respect to interference.

15. The semiconductor device of claim 14, wherein the shielding

region has an angular, semi-circular, or rectangular shape.
16. The semiconductor device of claim 14, further including a
plurality of conductive THVs such that the shielding region is

formed between the plurality of conductive THVs.

17. The semiconductor device of claim 14, further including the

shielding region formed completely around the conductive THV.
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24. The semiconductor device of claim 20, further including the shielding material formed completely
around the conductive THV. 25. The semiconductor device of claim 20, further including a barrier layer
formed between the shielding material and conductive THV.

18. The semiconductor device of claim 14, further including the

shielding region formed around a plurality of conductive THVs.

19. The semiconductor device of claim 14, further including a
barrier layer formed between the shielding region and conductive

THV.

20. A semiconductor device, comprising:

a semiconductor die;

a conductive through hole via (THV) laterally separated
from the semiconductor die;

a conductive layer formed between the conductive THV and a
contact pad of the semiconductor die; and

a shielding material disposed around the conductive THV to

isolate the semiconductor die with respect to interference.

21. The semiconductor device of claim 20, wherein the shielding
material extends from a first side of the semiconductor die to a

second side of the semiconductor die opposite the first side.

22. The semiconductor device of claim 20, wherein the shielding

material has an angular, semi-circular, or rectangular shape.
23. The semiconductor device of claim 20, further including the
shielding material dispersed between a plurality of conductive
THVs.

24. The semiconductor device of claim 20, further including the

shielding material formed completely around the conductive THV.
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25. The semiconductor device of claim 20, further including a
barrier layer formed between the shielding material and

conductive THV.
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