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
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(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), soldtield, &fd tkmalmwebiaie®r 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 projéttioRs $6rtelevisiat disphiyst Skatiesndutisredesices &@ found in the fields of

entertain@@At,conductor 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,
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

mpurites i, e semiconducior mategal fo anipylats, apd gontrol the,onduevty.gffhe semiconductor
device. A semiconductor c‘fJewce contains active and passive elec ical structures. Active

struqturgs,dn&lumiﬂg mstotﬁ confr@t.nth@dmwm:@hecnﬁe:‘aliclmem:rByavhwiné<Ineveﬂs éﬁdoping and
application af an glectric field, the dransistar.gither, promotes or resiricts the flaw of lecircal current

Passive structures, including resistors, diodes, and Inductors, create a relationship between voltage and
current neeessAry 1@ pedort ad/akienys of eledtricaffupetiens! Theepdssive and active structures are

electrically connected toftm girgyits, whigh enable the semiconductan device to perform highspeed

calculations and other useful functions. Semiconductor devices are generally manufactured using

two complERRfaHut&Gtufifig ProteseBs U OffoRR&ERT Arahtifactdriiey, M Backeérd ffahtfactdiring, each

involving potentialy undreds-efsteps. Rrontkead manufaciuring lnvolves thedermation efaplurality of
die on the surface of a semiconductor wafer. Each die is typically identical and contains circuits formed by

electricalljPebritietfh§ Active ARE paBBive Tompthents. Backisidmanufactdithg vbivesWitgulating
individuat die fram dhe finished yafeand pagkaging the-diededuovidg struetural support-and
environmental isolation. . .

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



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
semicondluncécirV d%vi%elpggléagjis witq:g S ller f%oetgrigit y im%rggemaegﬁsaini%l ctgiﬁgl igtlerc nnection and
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packaglng materials. nother goal o semiconductor manufacturing iIs to produce igher

performantce sefvcorductorudevicesihrcredsesiit dewce perfermianceicamlbe accomplished by forming
active components tha&gge %qblg of 88%@@8&&5 Q'&Wr&gg&?gé&ﬂiql& gegge@%y ngl&gggns, such as

radio frequency (RF) wireless communications, integrated passive devices (IPDs) are often contained
within thesserhicondaeto: devidec ERanmpresiefPDs inslibégesidrirs csapakitorss andinductors. A typical

RF system requires maultipls JRDs inone.ormgie.sepicopducton packages operiarmythe pecegsary

electrical functions. However, high frequency électrical devices generate or are susceptible to undesired
electromagiéticSihferference IEMI) HhPrddio- frégue idFihterfer6158E (RMIY. Vs sthe fintercdevice

interference, sugh as £apacitiye.Jpductive, of;copductive coupling,alse kpown as) eress+talk, which can
interfere with their operation. The vertical electrical interconnection between stacked semiconductor

package®aAd exictnal deViddsid&it b€ B2 comphsHE witR coRbitEia thPsugH sicoiFTias ¥ F SV or

through hale vias{TH\Andhe J6{\s;sare-fosmed in grganig materials in@peripheral regiop around the
device. In RF applications using THVSs, the digital and RF signals carried by each THV may cause

interfererteFetiveeR Hdjaert THRS TheVSrgaRittnateriaf itse PA6Es RBCprtife s uate EMI or RFI
isolation. Assa result; sighal idegrity is redusedirhich €RB cayse signad transmissiorr egers-and hinder

Opeﬁukﬁkgfqﬁéﬂ%?%%@ﬂEEVfﬁﬂgiggﬁ?gggl 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
interference, such as capacitive, inductive, or conductive
coupling, also known as cross—-talk, which can interfere with
their operation.

The vertical electrical interconnection between



A need exists to isolate semiconductor die from EMI, RFI, and other intra-device interference.
Accordingly, in one embodiment, the present invention is a method of making a semiconductor device
comprising the steps of providing a semiconductor wafer having a plurality of semiconductor die, forming
a peripheral region around the semiconductor die, depositing an insulating material in the peripheral
region, removing a portion of the insulating material to form a through hole via (THV), depositing a
conductive, material e THY (0 farm a.canductive, 11V, fomming 2 conductive layer petween the
conductive THV and contact pads of the semiconductor e, 8eposmng noise abso?bmg material in the

peripheral ¢egion betlvedn the cormguctive THAE td Isotatethe sémiconductot did fidim imtra-device
interferenge, and;singyating; the spfp{i_gg)r]duclt%wﬁﬁygh_[ﬂ.@hftgg_rpg&ipgﬁrag{%%igri\ lo separate the

semiconductor die. In another embodiment, the present invention is a method of making a semiconductor
device camprging Hive steps of providimgaa semiconduator watethaving aigtaralitylof S8miconductor die,

forming &, peripheralregion.argund-the semiconductardie, depositing.an insulating, mategialip the
peripheral region, removing a portion of the insulating material to form a’lHV, depositing a conductive
material inafe 1Y Morierm @ecotriutiive H FRrmthds eRGUctR@Iager BetWd¥n the EBAductive IHV and

contact pads of the semiconductor die, andjorming:a shiglding regien;in.the peripherakiegion between
the conductive IHV to isolate the semiconductor die from interference. In another embodiment,

the preseht MvehtiBh is a‘hiethol Ot tdking AEetticORdFASH-dvide cORPFSRIG tHE stép<6fforming a
IHV in a peripheraliregion ef-a semicondystas die,deposiing @ eardugtive mateHalbin thedHV to form a
conductive IHV, forming a conductive layer between the conductive IHV and contact pads of the
semiconducfor die, and depositing a shielding material in the peripheral region between the conductive
IHV to isolate the semiconductor die from interference. In another embodiment, the present
invention is a semiconductor device comprising a_ semiconductor die having a peripheral region. A
conductive IHV is formed in a periph&&FP&idh SFthel e mBRRTABPdie. A conductive layer is formed
between the conductive IHV and contact pads of the semiconductor die. A shielding material is deposited
in th ripheral region between th n ive IHV to isol h micon r die from interference.
the peripheral reg OAb%teeecf etxﬁsctos dil:Jgt ieso ait_oe Ssoea}%?éo%a%ctcoor dclil(lzteo r%mOEMI Ee erence

RFI, and other intra-device interference. Accordingly, in one

embodiment, the present invention is a method of making a

semiconductor device comprising the steps of providing a

semiconductor wafer having a plurality of semiconductor die,

forming a peripheral region around the semiconductor die,

depositing an insulating material in the peripheral region,

removing a portion of the insulating material to form a through

hole via (THV), depositing a conductive material in the THV to

form a conductive THV, forming a conductive layer between the

conductive THV and contact pads of the semiconductor die,

depositing noise absorbing material in the peripheral region

between the conductive THV to isolate the semiconductor die from

intra-device interference, and singulating the semiconductor

wafer through the peripheral region to separate the

semiconductor die.

In another embodiment, the present invention is a



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-IHVs
formed in a peripheral region of the semiconductor die;

method of making a semiconductor device comprising the steps of
providing a semiconductor wafer having a plurality of
semiconductor die, forming a peripheral region around the
semiconductor die, depositing an insulating material in the
peripheral region, removing a portion of the insulating material
to form a THV, depositing a conductive material in the THV to
form a conductive THV, forming a conductive layer between the
conductive THV and contact pads of the semiconductor die, and
forming a shielding region in the peripheral region between the
conductive THV to isolate the semiconductor die from
interference.

In another embodiment, the present invention is a
method of making a semiconductor device comprising the steps of
forming a THV in a peripheral region of a semiconductor die,
depositing a conductive material in the THV to form a conductive
THV, forming a conductive layer between the conductive THV and
contact pads of the semiconductor die, and depositing a
shielding material in the peripheral region between the
conductive THV to isolate the semiconductor die from
interference.

In another embodiment, the present invention is a
semiconductor device comprising a semiconductor die having a
peripheral region. A conductive THV is formed in a peripheral
region of the semiconductor die. A conductive layer is formed
between the conductive THV and contact pads of the semiconductor
die. A shielding material is deposited in the peripheral region
between the conductive THV to isolate the semiconductor die from

interference.



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; 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 noiﬁgg?rgggggg%q% fqrmed pggw%%gggl tive IHVs in a peripheral
FIG."10 |ﬁustrates a noise

region of the semiconductor die; absorbing material dispersed
between conductive IHVs in a peripheral region of the semiconductor die;

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. 11 illustrates a noise absorbing region formed around each conductive full-IHV in a peripheral region
of the semiconductor die; FIG. 12 illustrates a noise absorbing region formed 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
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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



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 definegl by the anpended claims.and.their equivalents as.supnorted by the followingdisclosure and
drawings. Semiconductor §eV|ces are general?y manufactured using two compllex manufacturing
processesoftontiend mantfadtuding andbackendsmahefaeturing. Fpontiend manafacturing invelves the

formation,qf &, plyality of e on fhe surfage of a semicandugtor wafer. Each die on he wafer, contains

active and passive electrical components, which are electrically connected to form functional electrical
circuits. Activeaglectticalrcomparents, Sieh aseiandistofs, ave the abilifptaredritrol e flow of electrical

current. Rassive; electrical gampanents, sychas gapacitors. Jnductors, resistors, andtransfarmers, create

a relationship between voltage and current necessary to perform electrical circuit functions.
Passive &l athiceomponeénts taré forftePdver the surface of the semiconductor wafer by a series of

process steps including doping. dgHBSiH%’iRJ@@HHPQE?&Wset&P@% apdplanarizationeDoping
introduces impurities into the semiconductor material by techniques such as ion implantation or thermal
diffusion. 865ing prodessTRBdifies 1He efdctrital Bnductivity Of semictnductsiiiatefiafinSactive

devices, transfeaming thesemicondycian material nte dopermangnt insylater permaneateonductor, or
changing the semiconductor material conductivity in response to an electric field. Transistors contain

regions of VaRffg BpesAhd deyBes of dBpgHt et i hede<sary t-éndbi€ the transistor to promote

or restricktheifloyw afielestricab ewrentiupon theappligatien efiam elestricfieldmp1 ant aAetive ard passive
components are formed by layers of materials with different electrical properties. The layers can be

formed by AVt ety O AEPSSifSH techPfyuESUEMRnE §1¥ Palt By 'the $ype BF maté i befify deposited.
For example,dhinfilini dgpasitioremaydnwlve chemicad vapor depasittan,(C\iB); jpkysical vapor deposition
(PVD), electrolg/g'g J‘PI!(Iafll’E] , and electroless O1plagcir(ljgr processes. Each layer is greI{\erglrlytpatterned to form

portions 6f &ctive Compohents, pasaive Componants “or eleétfical tonnactions B8fween components.
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 wvapor 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,



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

depositingthe mategalinia.the areas or yeidsdrmed by 4 preyious deposition/eteh process ising
techniques such as e?ectrofess an eI%ctrontlc plating. %epositlng a thin film of mafegrl'dl over an
existing patterecan exaggerate tHdranderlydng pattern ard treate d nonfumiforidy flatisurface. A uniformly

flat surfage is required fo produice smaller.and more densely pagked active and passiyg components.

Planarization can be used to remove material from the surface of the wafer and produce a uniformly flat
surface. Plaparzatiorrvelvesipolishingthe suface aof fire waferwitca polishing paldt Ansabrasive

material and,sorrasive chemical are added tg the surface of.the wafge during palishing.The combined

mechanical action of the abrasive and corrosive action of the chemical removes any Irregular topography,
resulting it EemifePFIRabiFaEeecd- ThBadkeBad peuf&éufiRg réfers RIFERERG ot Singulating the

finished wafgs itq the individualdie and then packagiag the diefor situera] suppert.andemdronmental
isolation. To singulate the die, the wafer is scored and broken along non-functional regions of the wafer
called saiwatfeets br Serfitsest The Wwater RPSiRGaRESH B3ing Hr1asér-suttifg devicest salWblade. After

singulatigqs the individual die gee mauted r voids formed by a previous
deposition/etch process using techniques such as electroless and
electrolytic plating.

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

Back—-end manufacturing refers to cutting or
singulating the finished wafer into the individual die and then
packaging the die for structural support and environmental
isolation. To singulate the die, the wafer is scored and broken
along non-functional regions of the wafer called saw streets or
scribes. The wafer is singulated using a laser cutting device

or saw blade. After singulation, the individual die are mounted



to a package substrate that includes pins or contact pads for interconnection with other system
components. Contact pads formed over the semiconductor die are then connected to contact pads within
the package. The 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 th micondyctor device is made ayailable 1o the gther system components. FIG.
1 iIIustratJ(Ceéle?e r%%?ca Svicszgqi%)%raa\?lcnegeg c?i?p éélrﬁe}lg%bsst ate %r%ﬁntcegc}%fgc%t oaagrg (P8r8) 12 with a
plurality ofrsesmicondyctsripackagel ndirsted ansitsssurfager Electtohic devivg d0tmay#ave one type of

semiconductor package, or,multiple types of semigqnductar packages, depending on the agpication. The

different types of semiconductor packages are shown in FIG. 1 for purposes of illustration.
Electronie @égice 10y teca BEmitRalone sysene it tses tHe semicoriduett? pagkades torpgéerform an

electrical fuefian, Alfematively, electronic device 10nay,be 2 subcomponent of a Jarger, system. For

example, electronic device 10 may be a graphics card, network interface card, or other signal processing
card thattanBECRBEHEd rito A cSthpater "PHe! sémicbntiaEior pbatRagEeRaR irichid e fficropFstessors,

memoriegaanligation specifig inte cirquits (ASICe) dogic Sirguits, analog cirpuits; R circulits,
discrete devices, or other semiconductor die or electrical components. In FIG. 1, PCB 12 provides

a general S@bstrate forstriRaTapsifppott &R electricl iftercbnhecfor the ekfidsiductaryaikages

mounted ontherRCBugendudetiveisignajrtraces 14 are formed-overaesurface; ar withia layers of PCB 12
using evaporation, electrolytic plating, electroless plating, screen printing, PVD, or other suitable metal

depositioR Froces! Sidral trites 12AFrovide ol efe il 88mPunication between each of the
semiconductor packagescmountediearapenenys card other externalisystan compangnss. divages 14 also

e e 1 SRS
plurality of semiconductor packages mounted on its surface.
Electronic device 10 may have one type of semiconductor package,
or multiple types of semiconductor packages, depending on the
application. The different types of semiconductor packages are
shown in FIG. 1 for purposes of illustration.

Electronic device 10 may be a stand-alone system that
uses the semiconductor packages to perform an electrical
function. Alternatively, electronic device 10 may be a
subcomponent of a larger system. For example, electronic device
10 may be a graphics card, network interface card, or other
signal processing card that can be inserted into a computer.

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

-10-



In some embodiments, a semiconductor device has two packaging levels. First level packaging is a
technique for mechanically and electrically attaching the semiconductor die to a carrier. Second level
packaging involves mechanically and electrically attaching the carrier to the PCB. 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
packagin includiq wire bopdrpnac age 16 and fli fchi 18, are.shown on PCB 12 Agégio Qlly, several
types of s%c%%%ﬁeve paaréiagi%g, ﬁléglugd\lfr?d: bgll 8H§ aarl%% (%%,&Sl%(.})l Ibmg %ﬁff)scaorrﬁer Cg) 22, dual
in-line package (B2, daricbgrid atray {EGAY 26¢ nrit-thipomoddle(MOME 28, guad flatnon-leaded
package (QEN) 30, and ayad flat package 32, are shown.mounjed on P&B, 12, Pepgnding upon the
system requirements, any combination of semiconductor packages, configured with any combination of
first and secvrrislevel packagihgtstyles sas wellagvotder dlettrenie Coniponentsdan becednimetted to PCB
12. In someGrubadinenis. aledianic dRyice dd nelies asindle Attaghed semiconghisigipackage, while

other embodiments call for multiple interconnected packages. By combining one or more semiconductor
packages BderCk Bl siisstrate, MaRLRBITEIPEAT Medrporatedsiesmade TbRthatients fito electronic

devices and,systems. Becrise thersamiconductorpackagesnglude saphisticated functionality, electronic
devices can be manufactured using cheaper components and a streamlined manufacturing process. The

resulting deviceg afe less likely to fail and less expensive to manufacture resulting in lower costs for

consumers. FIG, 2adlhusteates further defaibofdal 24 maunied 0aRGB 42, PP 2ddncludes

semiconductor die 34 havin%e%?ntact pads 36. Semiconductor die 34 includes an active region containing
analog oP@igitarcirtdits fpletnentBd B8 activd tevidsk pedive dévices SEOHUtigtVe fYers, and dielectric

layers formaedh withinesenyicenductor dierd4-and are etectically inteeconnecteshaccordingde éhe glectrical
design of the die. For example, the circuit may include one or more transistors, diodes, inductors,

capacitor3, féidtofs: and Bie Srclit ESiemBATERAMBE Withl? the SciVe Tyl 6f dig 3" Contact pads 36

are made:With ardenduciive maieralh suehas aiimingm (Al): sepprers Cu),Itin Smenickel (Ni), gold (Au),

or silver %géb nd are electricall%f?ggg%ctgg (gg: tr(lje circuit elementslforgned within d%e:,L gg.tContact pads 36
y ytic pla

are forme TEVD, 8leltrd g br efettrofestiPlalily proceds. Dlifing a8Sembly of DIP 24,

semiconducterldip Bdkisqiounted 4o @ cdtrerd38 usingreegaldrsikiconlguteatic Ryeroradhdsive material
such as thermal epoxy. The package body includes an insulative packaging material such as polymer or
ceramic. I&%Lﬁ%%%?gr(ﬁ/g scf(f ?ﬁre}é go%rlfl)eect%é o carrier 38 and wire bonds 42 are formed between leads 40
and contact pads 36 of'die 3zhas adirstdevel packagmgt EatapsulamstAzeisadeposited ovér the package for

environmenfal,protection By revanting moistyrg and PAIEIES . g package 16 and flip
chip 18, are shown on PCB 12. Additionally, several types of
second level packaging, including ball grid array (BGA) 20, bump
chip carrier (BCC) 22, dual in-line package (DIP) 24, land grid
array (LGA) 26, multi-chip module (MCM) 28, quad flat non-leaded
package (QFN) 30, and quad flat package 32, are shown mounted on
PCB 12. Depending upon the system requirements, any combination
of semiconductor packages, configured with any combination of
first and second level packaging styles, as well as other
electronic components, can be connected to PCB 12. In 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
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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 material, e.g., Sn, lead (Pb), Au, Ag, Cu, zinc (Zn),
bismuthinite (B1), and alloys thereof, with an optional flux material. For example, the solder material can
be eutectic Sp/Pb, high-lead, or lead-free. FIG. 2% lllustrates furtherfggtail of BCC 22 mounted on
PCB 12, Ao e AT s e 5 S el By Lhe o Lol el sasiaaing, BCC 22
is mounted to-REB=12 withcan BCGs styletsecoheldevelpackdginge Senscohductsredie 47 having contact
pads 48 is maunted qyer acartier using ap ynderfill or.enoxysiesin adhesive materia| 50. Semiconductor
die 47 Includes an active region containing analog or digital circuits Implemented as active devices,
passive devicesl epadudtive layarstand dicleciié fprs fornedl withinsepticosducteridie 47 and are
electricallypleiconnegigd according » the sledical desionatihe fle fFauexampiecte crcpifmnay
Include one or more transistors, diodes, Inductors, capacitors, resistors, and other circuit elements formed
within the” &€tetredibri6Mdie 4y . Tontd@ pads4seare madé with @ eendGctivestiaerial sachas Al, Cu,

Sn, Ni, AHa%h%Qc%’&Qc@ref@%tﬂ?@HXf connacipd fo theseircuitelements farmed 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 éiétricalfy édnnstt Eahtatt pads 48 of S8Rfidonduktdt idie 47 B ontRE pads 52 of
BCC 22 fgrmingrthefirst femel packaging.Meldingcempaued or encapsidant L0 isfepgsited ever
semiconductor die 47, wire bonds 54, contact pads 48, and contact pads 52 to provide physical support
and electicdfisofation 16 the YEice: Corftd& piitis 64 areformed over a'Surfate ot PCB 12 using
evaporatiosn electolydic phatingy elactiolesstplating, iseraens prirtIc AR or ethek stitaple metal
deposition process and are typically plated to prevent oxidation. Contact pads 64 electrically connect to
one or mofe’ ¢GdUCtivE STyn4T atss 19 sofdfe? AibridiSs tRBosited BEveEHCoHiadt Pads 52 of BCC
22 and contast-pads 64 ef PCH h2nThe soldenmateral isl refldveditosfosmdunps: 66 ndich form a
mechanicaltand electrical co?nnectiorg]1 betw%en I%CC 2% and F’,CBJ;ILZ(.]1 , IanIt(El. 2c, semiconductor
die 18 is MOUNTSE FALE dowWn O carier 78 with & fifp Ehip Style fitst 18Vl baRk&ding " BGA50 is attached to
PCB 12 witlhr adBGAstyle setend leveh packaging.rAdtivearegion 70-contaming analogtasmdigital circuits
Implemeé}ltfd as active uev{cersé pas%iv%‘1 gg\t/iggs, cq:rédsu%igg %a er%,n?dogikt?lerctr(i:cl Ilgalggr formed within
semiconductor die 18'is e?ec%rlcéllyﬁn?erconnec?éd according to'the e ectrical design of the die. For
example gthercinctit niayrmetldeidrielor mioee ransistors cdiodes,afidyucters; ¢apacitors aresistors, and
other circuit elements formed within active region. 70 of semiconductor die ,18. Semiconductor die 18 is
electrical aél]‘ralsd rrz'gngec%z;rlfg])ic%qlﬁy8 Sttgéﬁ(ﬁj fo ga%%}l %: %ﬁ]r%ugglcaelgﬁgaefﬁur% (éPoF %d%/%ﬁnajl ré%%llductive solder
bumps or(Bdlls 78 Gulder Hdmps 78iare fSimed ovekisumplpads ardatérddnnect sitess 80 vwhich are
disposed angctive region.7Q.Bump pads 8P are made with.a copductive materiah sichas Al Cu, Sn, Ni,

Au, or Ag, and are electrically connected to the circuit elements formed in active region 70. Bump pads
80 are fofracddy PMDICY D BectrblyticGslating, torrele@roléssplating prosessy SBider buiips 78 are

e'zctrica'eq@zﬂc?@fp@@i&aw gennepted fo contactpadsar Infercengect,sites 82 on garrigy 46 by a solder
rerilow process.
P assembly of DIP 24, semiconductor die 34 is mounted to a carrier

38 using a gold-silicon eutectic layer or adhesive material such
as thermal epoxy. The package body includes an insulative
packaging material such as polymer or ceramic. Conductor leads
40 are connected to carrier 38 and wire bonds 42 are formed
between leads 40 and contact pads 36 of die 34 as a first level
packaging. Encapsulant 44 is deposited over the package for

environmental protection by preventing moisture and particles
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BGA 20 is electrically and mechanically attached to PCB 12 by a large number of individual conductive
solder bumps or balls 86. The solder bumps are formed over bump pads or Interconnect sites 84. The
bump pads 84 are electrically connected to Interconnect sites 82 through conductive lines 90 routed
through carrier 76. Contact pads 88 are formed over a surface of PCB 12 using evaporation, electrolytic
plating, electroless plating, screen printing, PVD, or other suitable metal deposition process and are
typically plated to prevent oxidation. Contact pads 88 electricall nnect tg pne or mare_conductive
signal tra%c]é(sj 14°%F Srs%) e;%bu?n &sag% %?ee eé%#ic%ﬁ?%%lalﬁé%%{agn%ca% I%/eco%n%’ectce%tlr'[%%cc()tntgéat%%ds or
bonding pads 88 oniRPEBHd s a solderéffow processo Muotding¢ohtpdtdid orengapsulant 92 is
deposited gver sqmicondugtor die 48 apd,carrier 78,ta-provide. physical suprort and efectrical isolation for
the device. The flip chip semiconductor device provides a short electrical conduction path from the active
devices dgrrs@nicohddétor dief 18t Gonduction tickd DAPCBNY indrdet ferévuikessigmal propagation
dlstancegﬂ g8 capaglangg and lmproveoverall, gireuit perfgrmance,, Inpapother embogdiment, the
semiconductor die 18 can be mechanically and electrically attached directly to PCB 12 using flip chip style
first level'pHekagmg Withotit tahferamsy metal mMGseda s biustraty ajtbeess-éffrming conductive vias
in a peripheralregipn aroynd agemieanductergie. 19, stagt the process. FIGn3a shows a plurality of
semiconductor die 102 formed on a semiconductor wafer 100 using conventional Integrated circuit

processesl a8'dk8dribddCaliéie. Eathcsetitondudtbrdizcro? ifrtiltedmarfittg 6P dibital drcuits
Implemented-asiactive and-passivg.devices,dntegrated passiveidevices(IRR).Lconduetive layers, and
dielectric layers formed on topside active surface 106 and electrically Interconnected according to the

electrical d&sigr of thettid SE6h exdimpig 2hiedifttit may Include one or more transistors, diodes, and

other circuit elements formed aithin agtive-surdacer106 te:kmplement baseband digitabeirauits, such as
digital signal processor (DSP), memory, or other signal processing circuit. The semiconductor die 102
may also¢bntain IPD; suci &S ?ﬁ&lféf&%%aﬁléﬁto?%, antl [ES6E 16 ralid feqiercy (RF %ignal
processing. Xeomaetpadsy1@4 electically cennectde agiivier andpassve deviceswandksignal traces in
active area, 106 tof sem]isccocndugt r die 102. Se iconPuctor]ine 102 are se aratec(ij bg saw street 108. In
FIG. 3b, sémitonductor waf&r 106 is“moaAted 16 expahsion tabla03 with titFAVicIst (V) thpe so that
contact padsiifd4diang activessttifagoedObidreicriented face wyer a cadnFH6Er Secsarsawablade or laser

tool 110 cutaetf%rpygﬁl saw street 108 dawn to xpanséorl}lt%blgélglg Eg.dicigg&pgg%t(ijpn. The saw blade

cuts a galf)rhavmg a width 165§ ﬁ}]a_nrt%sélv{}id?hdotie Saw street T 3d, expansmﬁ1 ?atb?é: 103 moves in

two-dimensmmnddteraldirettionsrasistiowr by<grows T4 tte iexpanddhe Wedthaof sangstrest 108, i.e.,
form a peripheral region 116 and create a greater physical separation between. the die. Expansion table
103 moves gﬁﬁsltantié]Vt e same is?ance in the x-axis and 'yfxglsS svjl'tﬁlgn the toleranice of the table
control tocprovidetseparatorearoundrel perighiery tof igachadier Thé poseexparisiomwidth of peripheral

region 116 tanges irom 5:200 am, The expanded dimension depends op 1he design embodiment, i.e.,
half-THV, full-THV, single row via, or double/multiple row via.
according to the electrical design of the die. For example, the

circuit may include one or more transistors, diodes, inductors,
capacitors, resistors, and other circuit elements formed within
the active region of die 47. Contact pads 48 are made with a
conductive material, such as Al, Cu, Sn, Ni, Au, or Ag, and are
electrically connected to the circuit elements formed within die
47. Contact pads 48 are formed by PVD, CVD, electrolytic
plating, or electroless plating process. Wire bonds 54 and bond
pads 56 and 58 electrically connect contact pads 48 of

semiconductor die 47 to contact pads 52 of BCC 22 forming the
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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 separation or peripheral region. In general, the
separation has sufficient width to form conductive vias within the peripheral region, as described below.
In FIG. 3e,.an organic insulating material is. deposited in peripheral regign 116 using spin coating,
needle d%ﬁgﬁgn%,e or oi:hé?g?jifggglg %bpli(g,na%[%or?l& ngfgﬁ&rg) f %ra teonpc\?%\%uo%aogréar#%g iﬁssulating
material 120 depositedoingperiphetal vediontids. Orgadi¢ material b20:dan bé,benzotyclobutesde (BOB),
polyimide, () a1 pcyic.iesin. Altemnagiyely, ot nofscqnductive malggials,such as a polymer molding
compound, liquid epoxy molding, compression molding, soft laminating film, or other material having
dielectricortdctiical insulathag propefties carebdeieposited Fopérisheralaegiontl B6. Theomareéonductive
materials can also be,deposited using a frapsfermalding griniection malding process. In FIG. 39,

a portion of organic material 118 is removed by laser drilling or deep reactive ion etching (DRIE) to create
openingsFartioled 122 tkattes@emisSdBwa t6 eXparisio s $able 103t ThE opeRingsCI2 2C&%eRd completely

through the peripheral Legion from one side f%%@é@@i%@ﬂ%}%r die o its1 9ppesiterside +f/G. 3h shows
a top view of openings 122. The sidewalls of openings 122 can be vertical or tapered. In FIG. 31,

an electricafly dniduttive thatehial 126 Tstdéposiae intd opetfitgs 122 biding PVD SEVD; @vap6ration,

electrolytic-plating, eleclroless platinggsereen prinling,ar othepsuitable meatalidgposition process. An
electrically conductive material 128 is patterned and deposited over organic material 120 using PVD,

CVD, eva&lidrafidit, Ele AroVREpIating f@er&12Ss phdingt séfeen 1inting, 6rotheFsulasls nictal
depositiopprocessy An optianak passivation layercan bedeposited over seynicopdugtor wafer 100 to
isolate conductive layer 128 from active surface 106. The passivation layer can be one or more layers of

silicon didXidE {s162)" sitichf ittie (8IaNE) sificait bxyriithite (SIORG tantaltim Peritoxite (14205),

aluminuna arided®AIl208), or other material having similar insulating and structural properties. The
insulating layer is depo§|teg Il.létlnngVD, C\/,D,O%rl tlngbiplg ,coailgg,i%prgg cotaggg,fsa{réteengg or thermal

oxidation. A portion of passivation fayer 1S tefmoved by an &tching proceSs 10’ eXpose contact pads 104.

The conductive tayes 1 28dorms signat fracesbr redistribationt layersLRall) tosel@ettically. comtert contact
s 1001 TG TBISTS 136,25 U0 1G] RS ety 120 and concive
material.packaging. Active region 70 containing analog or digital

circuits implemented as active devices, passive devices,

conductive layers, and dielectric layers formed within

semiconductor die 18 is electrically interconnected according to

the electrical design of the die. For example, the circuit may

include one or more transistors, diodes, inductors, capacitors,

resistors, and other circuit elements formed within active

region 70 of semiconductor die 18. Semiconductor die 18 is

electrically and mechanically attached to carrier 76 through a

large number of individual conductive solder bumps or balls 78.

Solder bumps 78 are formed over bump pads or interconnect sites

80, which are disposed on active region 70. Bump pads 80 are

made with a conductive material, such as Al, Cu, Sn, Ni, Au, or

Ag, and are electrically connected to the circuit elements
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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 opposite side of the die. The cutting tool completely severs the peripheral

region totsegr%raethe le. FIG. Si howsq op view of THYs . The sremic d cto%gi]g are removed
from expar?sioﬁ %aﬁ]g 1 %%.:N% re%‘ﬁgnprogéss ow %f Eiagss Sjgi?Sf rrr?ay 8f§rgguase%§/ reconfigured wafer
techniqu€ivohving tHerattathmemtlcf al plarality obdemicondeactor dieadn ademiporary<carrier. An

encapsulant is dengsited oyer the sericondyclor die. Gondyctive via are formed fhrouah vis in the

encapsulant. The carrier is debonded and RDLs aré formed between contact pads on the semiconductor
die and condteétite WassAR Interdorneensipgttureisiich &8 selderbumpsard formvedhand tsewafer is
singulated irtoindividyal semiconductor die. FIG. 4 shows a final configuration for semiconductor
die 102 with conductive THVs 130 formed in a peripheral region of the die to provide an electrical

connection from one sidfe’of dach bi€ {¢ tHe dposite sidel offreldie 1CahductivetRavsd 3dblectrically
connect threughyRPY-s 128 tocontactipads 104, ag wellas: to active and passive devices apd signal

traces in active area 106 of semiconductor die 102. FIG. 5 shows semiconductor die 140 with
conducti& fullePHs 422 formé&d fiPa PefiphEraP fediof of tHeGie t8 FrévilE™an éléctficaf-connection from

one side of, each digmtothe Ppposite side afifbedlign T o-fonm fyll-THVs 442 theipesipheral region is made
sufficiently wide to form two side-byside conductive regions like 126 in FIG. 31. The peripheral region is

filled with"OYgARIRaterfal fiké $26 AMDHE 16 'coRdbictive regishs & oHfEd $eparatéd by the organic

material routed through carrier 76. Contact pads 88 are formed over a
surface of PCB 12 using evaporation, electrolytic plating,
electroless plating, screen printing, PVD, or other suitable
metal deposition process and are typically plated to prevent
oxidation. Contact pads 88 electrically connect to one or more
conductive signal traces 14. The solder bumps 86 are
electrically and mechanically connected to contact pads or
bonding pads 88 on PCB 12 by a solder reflow process. Molding
compound or encapsulant 92 is deposited over semiconductor die
18 and carrier 76 to provide physical support and electrical
isolation for the device. The flip chip semiconductor device
provides a short electrical conduction path from the active
devices on semiconductor die 18 to conduction tracks on PCB 12
in order to reduce signal propagation distance, lower
capacitance, and improve overall circuit performance. 1In
another embodiment, the semiconductor die 18 can be mechanically
and electrically attached directly to PCB 12 using flip chip
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
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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. 3]. 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
semicondyctor die, 140 electrically egnnect through contact pads 146, RPL 144, and conductive THVs

b , . . :
142. SUCaJﬁGE? esh%&v%%%%nslconggtogéeSlS%WV%/ltﬁc ngﬁc%%letft\jll-%mfserl%lf 3%801%:‘?%86cuve
half-THVE 16418 #néd onaviuktiplecoffset rows dhia periphefat redion arsumd theodiedo providé an electrical
connectiqr, from one. side of each dig to the.ather side of the i, Joform full-THys,152 and half-THVS
154, the peripheral region is made sufficiently wide to form three conductive regions, like 126 in FIG. Si, in
multiple cffset Fows U perpiferalregiorrisdilled Wit dryanicrnteridl dike 220 @ndthe conductive
regions aig farupect separaied.by he-orgnicmalerial injie.neripherslegion. 1he,autling jgol severs the
middle conductive via to provide one full-THV 152 and one haIf-fHV 154 in the peripheral region of each
semicondiftércaie 1608 RDLsCP56 HAEformedsimiiar toRPLS 1289/ FIGC 3] Tttichve TRfVs 152-154

electricallyconnect through RRIs;136-{0-contaet pads 138, &SM‘%'&@%@ aglive-and passivg devices and
signal traces in the active area of semiconductor die 150. Semiconductor die 102, 140, and 150

may eaclt €6RtafH Basétrand Grcéuits thatare susteptible ¢ EMIC REL Sor other Interfétehte, $ith as

capacitive s ipduetivey 9 conductive saupling. i sther empodiments, semicrnducterdie 402,140, and
150 contain integrated passive devices (IPD) that generate EMI, RFI, and other interference. For

example ThETPDS cohtaified withif 8Emicbhalictor A 102, £40, ahde150 frovitie e KiBéital
charactensticsinaededifgr high fraguency applicationss sdeky as sesenajors) highopasssiilters, low-pass
filters, band-pass filters, symmetric Hi-Q resonant transformers, and tuning capacitors. The IPDs can be
used as fr@n{?e}nd RFOREE RPEoMpBRENtS! Whith E4P6E f)%%ﬁi%ngdjﬁ%m%en the'&ntenna and
transceiveentheo iR trcuetal icanilp air® balsin, transfatmen, = codueperating ngde dd0sGigahertz. In
some application%, multiple galuns are formed on a same substrate, allo ng multi-bagd operation. For
example, tWo or more baltns are ts8d M & quad-band for mobiie phohes or’otiergidbal system for
mobile (GSN} eomimunications; each batim isWedicated farefréguencynland ofoperatior obthe
guad-band devic%. %g(pj%al RF s&stem req:%]irg% multiple IPDs and othegQig{]Ofée%ufency circuits in one or

aASS1LV eS n S n aces 1n ,activ ar
more semiconductor pa&kagesato perflo?mat e necessary eléctrical fuRctions. FIG. 8 shows further

detail of thenperiphéral regioniarolnd semiconductarwie 340dTHVE WA 2s and RDE 1444 FIG. 5. In one
embodiment, one THV may ca digjtal signal switching at a high r n adjacent THV 142b
W sncreet ]1 ¥l’1 fr%%a %M|Sa%@l|:§|9|n$ gnﬁfé:h wa%r a{%do\l%]&gguP%hela

carries an RF signal Whisﬁ% susceptible to equency switching of the digital on
THV 142acoutkbimdace EMcdndRED Boisetdnduddversely béffect(thé) RE sighat ontthe adjacent THV 142b.

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. 1In 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
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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
conductiveea'EHVg are forf%eed. TheCEMI/RFI shieAdiQ%ggiogme has an fng%ular semi-ﬁiﬁ lar,

rectangular, or otﬁgr'geometrfjcos%apee}.(%?& 91s a cross-secti ea &%weo S ié:kejl’%lgoreglon 160 extending

through the petiphérabredior @ semicortiuetor:die 146 do dhiedd adjacedependictive TH\S 142a and

142b from intrasdeyice K and RF. Shielding fegion, 1605 connected fg 3 low;mpegance ground point
on a substrate or printed circuit board (PCB) to provide a discharge path for the EMI/RFI energy.

Shieldingregiore160 E5A e dietectd@material such as carbon-black or aluminum flake to reduce the
effects of EMI and RFI;Alternatiyely, shielding,region, 180 cap;he soft:magnetic mateyjalssuch as ferrite

or carbonyl Iron, Cu, Al, stainless steel, nickel sliver, low-carbon steel, silicon-lron steel, foil, epoxy,

conductie- feth, EhdSGtREr mietals Ah dohisesies Capabiist-blodkify bRaBESBITYLEMI, RFI, and other

Interferencen; condudt 80 altemnate embedimept, EMURFL Roisg abspring or shielding material 162 Is
Implanted or deposited between and around conductive THVs 142 In dispersed configuration, as shown

In FIG. 16STRE Bispersdif-Corffiytfation mayzither be IRrdughditte SRFEPViItR holselalssathing or
shieldingqpatesialsonlngranular particuiates implaptad,In orgaaicyaateriahd20.cShielging material 162

can be a dielectric material such as carbon-black or aluminum flake to reduce the effects of EMI and RFI.

Alternativehy Shifel g Thaterial P2 24R belsoftmagnétic hfteridls REEA 35 FERtE B carbony! iron, Cu,
Al, stainlesspstegk nigkebsilvesrlophearbon steglosilicorrfogsiRglal, the separation has

sufficient width to form conductive vias within the peripheral
region, as described below.

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 (BCB), 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 or
electrical insulating properties can be deposited in peripheral
region 116. The non-conductive materials can also be deposited
using a transfer molding or injection molding process.

In FIG. 3g, a portion of organic material 118 is
removed by laser drilling or deep reactive ion etching (DRIE) to
create openings 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
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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 IHVs 142. Shielding region 164 extends through the peripheral region of semiconductor die

140 to shield ad'l centc nduct'g/? HV. 14%1from intra-device EMI and RFI. hiel iQ regi% 164 is
connecte%ptgoaslt?\sve-irr%pleg(fahce grgun(fhpofsnt ona Sut?s%?atg or PCB togﬁ%%/% ea dql'sc%érge pgth for the
EMI/RFI engrigyalls of Shietding ¥egidAZl 6dacarbbe adislectric matetiabsuctvas carbon-black or

aluminum flake to redugg the effects of EMLand RF Altqrnatively, shieldingreaion 164 £ap beg

soft-magnetic materials such as ferrite or carbonyl iron, Cu, Al, stainless steel, nickel silver, low-carbon
steel, sili€@riren stskl 1ol ce @) coAducti/e resin) and \GtheGviBial$ dae ebAtposites capable of blocking

or absorhing EM!, RF.;and,qthet | Ea'QEQE%PH?QEE”&%t_m% OE_&‘eje%SE‘MEPE’i?&,,aQ%PVbi”Q or

shielding region 166 implanted or deposited in organic material in the peripheral region between

semiconductrdie 1022 i thig'efibbdifients iel EMIARF Shiglding/fegidheree is&ehivcircular and

implanted. g, dgpesited around condystive; UV, 13Q., Shigldingiregion, %@@@ét%\%ﬂh@}%ﬂ‘@ peripheral
region of semiconductor die 102 to shield adjacent conductive THVs 130 from intra-device EMI and RFI.

Shieldingfegfon' 266 i“Cornthietist ('R to-iHpe8idgrdundpoift'Gita stbstrate 6HPEBRE provide a
discharge path-fos the, EMIIRE8Nerg%creen JgoGhdBrshows-baries layer 168Houmed around

conductive THVs 142. A noise absorbing or shielding region 170 is formed around barrier layer 168. After
openingsTEPP Srebrmelr SE€ BFG. 3¢ sHisihgRgidn P éTbriiBd bARE imfdt stifface of the cavity.
Barrier layep 368 isformedrovesshielding cegionWdyHe in one embodipentbarsientayer 168 can be one or

more layers of an insulating material such as S102, SI3N4, SION, Ta205, zircon (Zr02), Al203, polyimide,
BOB, polyBéitoxhzbles (PBO) bt Bthet MatA&l Halfing sitfitarinsiiatiag and strifiral §8p&iiies.
Ba_rrie_r layee 168 im@g@oﬂt@ﬁg&n@ PVD; ﬁwanpth@p_in(maﬁmg, _sprﬁyimﬁingisjﬂﬁ&ﬁmg or thermal
O g Pl oL P L2 e W concnie par o e
adjacent ebonductive BV d 42410 dntra-device =M ard 8&F.aShiekdingregidm178:1s connected to a
low-impedance graund point on & substrate or PGB to,prgvide g discharge path for the EMI/RFI energy.

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

sintering or thermal oxidation. A portion of passivation layer

is removed by an etching process to expose contact pads 104.

The conductive layer 128 forms signal traces or redistribution

layers (RDL) to electrically connect contact pads 104 to

conductive material 126, as shown in FIG. 3j. The conductive

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.

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

-18-—



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 argani terial 120 in the peripheral region betw icapnductor, die_140. In this
embodim%efﬁ]t:,%e%qi% %I\%I%Rﬁ%ﬁ%diﬁéh recggl?(%ﬁ%l% is %\Q/’g %r%%%:?%&ﬁand&?nsplgr?tgdaorredeposited around
two or morencbhductivge IHVE 142aShieiding regiomn 192 exterdssthrougts thecperiphetraloegioncof

semicondyetordig 140-to shiald adiacent conductiveJHYs 142.framintrasdevice £M) 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/RFEerergying tooShiedding ¢égidn 152vsanshd aslidlectiiemaretiar suciras

carbon-black.or alyminum flake; ta.reduge dhe effecis of EMI and RF Alterpativgly, shjgldingriegion 172
can be soft-magnetic materials such as ferrite or carbonyl iron, Cu, Al, stainless steel, nickel silver,
low-carbéresteed ilitohdrorrdteef 16il, ©PBRY SCoridUtive ¥&sia Sarmd ot hietals3and composites

capable of blocking or agorbing-EMI, RIh.androtherintrasdevige jpterferengese a  FIG. 15 shows
noise absorbing or shielding region 174 implanted or deposited in organic material 120 in the peripheral

region betReeh SeftESHUEdr e 120N Th- i e MbbainTemd tHe EMYRFL Shistdihg ¥égidn 174 is circular
and implantgd o1 deposited; arounsieffset oF multiple xows of ggreuctivedkiMs: 142 for igher density 1/0.

Shielding region 174 extends through the peripheral region of semiconductor die 140 to shield adjacent

conductivé fFPS $43 Font itrde8&ide BMIBHU RER Shilingregitnt £74 & éonnectstftot 1 ve
low-impedaace geounsk-peint em asustrateser PeBrtedrevide@sdiseharge patb forsthe =MI/REI energy.

debonded and RDLs are formed between contact pads on the
semiconductor die and conductive vias. An interconnect
structure such as solder bumps are formed and the wafer is
singulated into individual semiconductor die.

FIG. 4 shows a final configuration for semiconductor
die 102 with conductive THVs 130 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. Conductive THVs 130
electrically connect through RDLs 128 to contact pads 104, as
well as to active and passive devices and signal traces in
active area 106 of semiconductor die 102.

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-by-
side conductive regions like 126 in FIG. 3i. The peripheral
region is filled with organic material like 120 and the two

conductive regions are formed separated by the organic material
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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
|IIustrated in cé%tgll the skgled rtisan will | appregie |atet modlfccat@nge \pd ad%qgatlons 1o 1 th se

ers
embodlments ma e out%lepartlng rom the sco e of the present invention gs set forth in the

followingreidiprs aGlalms Witat i Blirhed: doAdmethiodcofmaking @ semicofdudtor deVidE scomprising:
providing,g §em|ci955ggcp§ wafer having a plurality, of semicgpductor die; with. @élrstﬁurface and a second

surface opposite the first surface;
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
offset rows in a peripheral region around the die to provide an
electrical connection from one side of each die to the other
side of the die. To form full-THVs 152 and half-THVs 154, the
peripheral region is made sufficiently wide to form three
conductive regions, like 126 in FIG. 3i, in multiple offset
rows. The peripheral region is filled with organic material
like 120 and the conductive regions are formed separated by the
organic material in the peripheral region. The cutting tool
severs the middle conductive via to provide one full-THV 152 and
one half-THV 154 in the peripheral region of each semiconductor
die 150. RDLs 156 are formed similar to RDLs 128 in FIG. 37j.
Conductive THVs 152-154 electrically connect through RDLs 156 to
contact pads 158, as well as to active and passive devices and
signal traces in the active area of semiconductor die 150.

Semiconductor 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
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providing a peripheral region around the semiconductor die between the first and second surfaces;
depositing an insulating material in the peripheral region around the semiconductor die between the first
and second surfaces; removing a portion of the insulating material to form a through hole via (THV);
depositing a conductive material in the THV to form a conductive THV; forming a conductive layer
between the conductive THV and contact pads of the semiconductor die; depositing noise absorbing

material inJys periphera region around (hecenduetive Thivcta.isalals (he semicondugipg diefrom
intra-device Interference; and singulating the semiconductor wafer through the peripheral region to
sepanuelﬁ@sgqmﬁﬁimcknmmgrated 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
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
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2. The method of claim 1, wherein the noise absorbing material extends through the peripheral region
from the first surface of the semiconductor die to the second surface of the semiconductor die. 3. The
method of claim 1, wherein the noise absorbing material has an angular, semi-circular, or rectangular
shape. 4. The method of claim 1, further including forming a plurality of conductive THVs and dispersing
the noise absorbing material in the peripheral region between the plurality of conductive THVs. 5. The
method of clai 1 further mclugll formin éﬁ) the ne m?%ezrlal cggpp{ telg argund the

G
conductl\?e TH% in the p]éﬁ eral reglWee %ﬁe met od of c aim 1 urther including formlng the noise

absorbing amdteralarotind adglaraliffoef céiiduetive T \tssinithe pefipheral tegiona 71 Thé smethdd of claim
L further jnqlygin fouying A berrisk layer pegyeen s give APSoting maaaland;eondygtive TV in

the peripheral region.
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
as carbon-black or aluminum flake to reduce the effects of EMI
and RFI. Alternatively, shielding region 160 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
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
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8. A method of making a semiconductor device, comprising: providing a semiconductor wafer having
a plurality of semiconductor die with a first surface and a second surface opposite the first surface;
providing a peripheral region around the semiconductor die; depositing an insulating material in the
peripheral region around the semiconductor die between the first and second surfaces; removing a
portion of the insulating material to form a plurality of through hole via (THVS); depositing a
CondUCﬂﬁ%QEue%ﬂ@%gﬁ%lﬁyéfgfog%ggq%%%geﬁg%%%ﬁal 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. 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 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.

Shielding region 164 can be a dielectric material such
as carbon-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
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forming a conductive layer between the conductive THVs and contact pads of the semiconductor die; and
forming a shielding region in the peripheral region between the conductive THVs to isolate the
semiconductor die with respect to intra-device interference. 9. The method of claim 8, wherein the
shielding region extends through the peripheral region from a first side of the semiconductor die to a
second side of the semiconductor die. 10. The method of claim 8, wherein the shielding region has an

angular, semi-circular, or. rectangular shap ;. 11. The mef dgf laim 8, further includi d»dis ersing
shielding%rﬁatse%é l%l%thg%jearli% Iégal %gégﬁ%emgent escor?(?ucti\r/(ér%Hl\?s?rfz.OEFﬁfel anetﬁoIq o] &%{im 8,
further inBluding forminrtheshieldingregion daroundthe cordudtivedl HYy it thesperipteral region. 13.

The methad of claim, 8, urther including forming a bardet laygt between thg shigldipgregion and
conductive THVs in the peripheral region.
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 (Z2r02), 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
conductive THVs 142. Shielding region 170 extends through the
peripheral region of semiconductor die 140 to 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
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14. A method of making a semiconductor device, comprising: providing a semiconductor wafer having a
first and second semiconductor die; forming a through hole via (THV) in a peripheral region between
the first and second semiconductor die; depositing a conductive material in the THV to form a
conductive THV; forming a conductive layer between the conductive THV and contact pads of the first
semiconductor die; and depositing a shielding material in the peripheral region between the

conductive THY tg isolate the first.semiconductor die with respect to interference. 15. The method of
. 1ntra-device 1nterferernce. . . . . .
claim 14, wherein the s |el%1|ng matena?extends through the peripheral region from a first side of the first

semiconductor die to aFSeécontisidé ofitherfirsssermicondbdtopg dier 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
intra-device interference.

FIG. 15 shows noise absorbing or shielding region 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.
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16. The method of claim 14, wherein the shielding material has an angular, semi-circular, or rectangular
shape. 17. The method of claim 14, further including dispersing the shielding material in the peripheral
region between the conductive THV. 18. The method of claim 14, further including depositing the
shielding material around the conductive THV in the peripheral region. 19. The method of claim 14,
further including forming a barrier layer between the shielding material and conductive THV in the

i T s sepic i e somptents ST
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.

-26-—



forming conductive through hole vias (THVSs) in a peripheral region of the semiconductor die vertically
aligned with the first level, forming a conductive layer between the conductive THVs and a contact
pad of the semiconductor die; and forming a shielding region in the peripheral region between the
conductive THVs to isolate the semiconductor die with respect to interference. 21. The method of claim
20, wherein the shielding region extends through the peripheral region from a first side of the
semiconductor die to a second side of the semicquductor die. 22. The method of claim 20, wherein the
shielding region has an angular, semi-circular, or rectangular shape. 23. The method of claim 20, further
including dispersing shielding material in the peripheral region among the conductive THVs. 24. The
method qf,¢laim.20, fyrther igcluding forming the shielding region around the conductive THVs in the
peripheral region.

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

providing a semiconductor wafer having a plurality of
semiconductor die with a first surface and a second surface
opposite the first surface;

providing a peripheral region around the semiconductor die
between the first and second surfaces;

depositing an insulating material in the peripheral region
around the semiconductor die between the first and second
surfaces;

removing a portion of the insulating material to form a
through hole wvia (THV);

depositing a conductive material in the THV to form a
conductive THV;

forming a conductive layer between the conductive THV and
contact pads of the semiconductor die;

depositing noise absorbing material in the peripheral
region around the conductive THV to isolate the semiconductor
die from intra-device interference; and

singulating the semiconductor wafer through the peripheral

region to separate the semiconductor die.

2. The method of claim 1, wherein the noise absorbing material
extends through the peripheral region from the first surface of
the semiconductor die to the second surface of the semiconductor

die.
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25. The method of claim 20, further including forming a barrier layer between the shielding region and
conductive THVs in the peripheral region. 26. A method of making a semiconductor device, comprising:
providing a semiconductor wafer having a plurality of semiconductor die with a first surface and a second
surface opposite the first surface; providing a peripheral region around the semiconductor die; forming
a conductive through hole via (THV) in the peripheral region around the semiconductor die between the

first and second,sfaces;, , 5 opming.4 gorductive layer hetwegn the conductive THY and,3 gqntact pad
of the semiconductor die; and
has an angular, semi-circular, or rectangular shape.

4. The method of claim 1, further including forming a
plurality of conductive THVs and dispersing the noise absorbing
material in the peripheral region between the plurality of

conductive THVs.

5. The method of claim 1, further including forming the noise
absorbing material completely around the conductive THV in the

peripheral region.

6. The method of claim 1, further including forming the noise
absorbing material around a plurality of conductive THVs in the

peripheral region.

7. The method of claim 1, further including forming a barrier
layer between the noise absorbing material and conductive THV in

the peripheral region.

8. A method of making a semiconductor device, comprising:
providing a semiconductor wafer having a plurality of
semiconductor die with a first surface and a second surface
opposite the first surface;
providing a peripheral region around the semiconductor die;
depositing an insulating material in the peripheral region
around the semiconductor die between the first and second
surfaces;
removing a portion of the insulating material to form a

plurality of through hole via (THVs);
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forming a shielding region in the peripheral region around the conductive THV to isolate the
semiconductor die with respect to interference. 27. The method of claim 26, wherein the shielding region
extends through the peripheral region from the first and second surfaces. 28. The method of claim 26,
wherein the shielding region has an angular, semi-circular, or rectangular shape. 29. The method of
claim 26, further including forming a plurality of conductive THVs and forming the shielding region in the
peripheral regio betvg(:a.L%thlhe Qluralit)légfcgonduc ive THV., 30. T %em%tﬁgcsi o{gla%m 26, further including

. . 1. .
forming the shie (ﬁﬁa reglon%ompcfgt% y aroh\rfl% t 3 c%ﬁ SctlvlenT Vin the perlpher%if;%glon. 31. The

method of etalmc26, fartAéiiacluding forming the shielding region around a plurality of conductive THVs in
thepenM%%dr%%g%ing a conductive layer between the conductive THVs and

contact pads of the semiconductor die; and
forming a shielding region in the peripheral region between
the conductive THVs to isolate the semiconductor die with

respect to intra-device interference.

9. The method of claim 8, wherein the shielding region extends
through the peripheral region from a first side of the

semiconductor die to a second side of the semiconductor die.

10. The method of claim 8, wherein the shielding region has an

angular, semi-circular, or rectangular shape.

11. The method of claim 8, further including dispersing
shielding material in the peripheral region between the

conductive THVs.

12. The method of claim 8, further including forming the
shielding region around the conductive THVs in the peripheral

region.

13. The method of claim 8, further including forming a barrier
layer between the shielding region and conductive THVs in the

peripheral region.
14. A method of making a semiconductor device, comprising:

providing a semiconductor wafer having a first and second

semiconductor die;
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32. The method of claim 26, further including forming a barrier layer between the shielding region and
conductive THV in the peripheral region.

forming a through hole via (THV) in a peripheral region
between the first and second semiconductor die;

depositing a conductive material in the THV to form a
conductive THV;

forming a conductive layer between the conductive THV and
contact pads of the first semiconductor die; and

depositing a shielding material in the peripheral region
between the conductive THV to isolate the first semiconductor

die with respect to interference.

15. The method of claim 14, wherein the shielding material
extends through the peripheral region from a first side of the
first semiconductor die to a second side of the first

semiconductor die.

16. The method of claim 14, wherein the shielding material has

an angular, semi-circular, or rectangular shape.

17. The method of claim 14, further including dispersing the
shielding material in the peripheral region between the

conductive THV.

18. The method of claim 14, further including depositing the
shielding material around the conductive THV in the peripheral

region.
19. The method of claim 14, further including forming a barrier

layer between the shielding material and conductive THV in the

peripheral region.
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20. A method of making a semiconductor device, comprising:

providing a semiconductor wafer having a plurality of
semiconductor die vertically aligned with a first level;

forming conductive through hole vias (THVs) in a peripheral
region of the semiconductor die vertically aligned with the
first level;

forming a conductive layer between the conductive THVs and
a contact pad of the semiconductor die; and

forming a shielding region in the peripheral region between
the conductive THVs to isolate the semiconductor die with

respect to interference.

21. The method of claim 20, wherein the shielding region
extends through the peripheral region from a first side of the

semiconductor die to a second side of the semiconductor die.

22. The method of claim 20, wherein the shielding region has an

angular, semi-circular, or rectangular shape.

23. The method of claim 20, further including dispersing
shielding material in the peripheral region among the conductive

THVs.

24. The method of claim 20, further including forming the
shielding region around the conductive THVs in the peripheral

region.

25. The method of claim 20, further including forming a barrier

layer between the shielding region and conductive THVs in the

peripheral region.
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26. A method of making a semiconductor device, comprising:

providing a semiconductor wafer having a plurality of
semiconductor die with a first surface and a second surface
opposite the first surface;

providing a peripheral region around the semiconductor die;

forming a conductive through hole via (THV) in the
peripheral region around the semiconductor die between the first
and second surfaces;

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

forming a shielding region in the peripheral region around
the conductive THV to isolate the semiconductor die with respect

to interference.

27. The method of claim 26, wherein the shielding region
extends through the peripheral region from the first and second

surfaces.

28. The method of claim 26, wherein the shielding region has an

angular, semi-circular, or rectangular shape.

29. The method of claim 26, further including forming a
plurality of conductive THVs and forming the shielding region in

the peripheral region between the plurality of conductive THV.

30. The method of claim 26, further including forming the

shielding region completely around the conductive THV in the

peripheral region.
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31. The method of claim 26, further including forming the
shielding region around a plurality of conductive THVs in the

peripheral region.

32. The method of claim 26, further including forming a barrier
layer between the shielding region and conductive THV in the

peripheral region.
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