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

SEMR@WE%’H' ouRf feisp BB&"EQ‘BMI@E HE’%’E ”H%%ORBING REGIONS
em|c0ng ﬁV“i.ﬁ%,greI rp oducts.
e num

Semiconductor devices vary Int er an enS|ty of ectrlca
components. Discrete semiconductor devices generally contain one type of
electrical component, e.g., light emitting diode (LED), transistor, resistor,
capacitor, inductor, and pdebe nefaltdedd BERMEHRRCtor field effect
transistor (MOSFET). Integrated semiconductor devices typically contain
hundreds to millions of electrical components. Examples of integrated
semicondb€toPBeviees inclyde tiieFocontrollens, Miciprecessors
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devices (DMDs). Semiconductor devices perform a wide range of functions
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and creating visual projections for television displays. Semiconductor

die.gevices are found in the fields of entertainment, -1 communications, power
generation, networks, computers, and consumer products. Semiconductor

devices are also found [
I}cground 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,



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

conn{Jifoduges impurlies.ipto fhesemicondugior matgral io anpulate and,
control the conductivity of the semiconductor device. A semiconductor device
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to perform a variety of electrical functions. The passive and active structures
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Semiconductor devices are generally manufactured using two complex
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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 semiconductor devices. Smaller devices
typically consume less power, have higher performance, and can be
produced more efficiently. In addition, smaller semiconductor devices have
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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



The vertical electrical interconnection between -3 stacked semiconductor
packages and external devices can be accomplished with conductive
through silicon vias (TSV) or through hole vias (THV). The THVs are formed
in organic materials in a peripheral region around the device. In RF
applications using THVs, the digital and RF signals carried by each THV
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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 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



In another embodiment, the present invention is a -4 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
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In another embodiment, the present invention 1s 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.



interference. -5 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 wigw of cgadugtivehalt-THYs, formed. &%esripheral region
[ [ onhd

of the semiconductor die; FIG. 5 Tllustrates a top view of conductive full-THVs
formed in a peripheral region of the semiconductor die; FIG. 6 illustrates

stacked semiconducia ci with. canduciive THVS, FIG, 7 illusirales 8199 i ¢

~ view of conductive full-THVs and conductive half-THVs formed as multiple
diffeffssttrowgea péripherabmaformotthessenticondictéindiea FG. 8 illustrates

a top view pfnoise absorbing, Legiops fermed, between.condygtiye, THVs in a
peripheral region of the semiconductor die; FIG. 9 illustrates a
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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



semiconductor die; FIG. 12 illustrates a noise absorbing region formed -6
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
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semiconguetive fuliTEV in multiple offset rows in a peripheral region of the
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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



semiconductor wafer. Each die on the wafer contains active and passive
electrical components, which are electrically connected -7 to form functional
electrical circuits. Active electrical components, such as transistors, have the
ability to control the flow of electrical current. Passive electrical components,
such as capacitors, inductors, resistors, and transformers, create a
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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,



electroless plating processes. Each layer is generally patterned to form
portions of active components, passive components, or electrical
connections between components. The layers can be patterned using
photolithography, -8 which involves the deposition of light sensitive material,
e.g., photoresist, over the layer to be patterned. A pattern is transferred from
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Back-end manufacturing refers to cutting or , o

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



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 -9 to a
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semiconductor device is made available to the other system components.
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mounted on its surface. Electronic device 10 may have one type of
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subcomponent of a larger system. For example, electronic device 10 may be
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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
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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
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semiconductor packages. In some embodiments, a semiconductor dévice
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Second level packaging involves mechanically and electrically attaching the
packegifigr to the PCB. In other embodiments, a semiconductor device may only

have therfirst devel Daskading where the digiis sneehanicallyand-elegtrically; o
mounted directly to the PCB. For the purpose of illustration, several types of
packfgi Rel f¥GKsging, itdiding Wire" bbAd AEKAGE 16 and i Chigl 18, &re"
me chshowi 0nPGBd 2 Additionally, 1several dypesef saeontdievebpackaghig,die to
including ball grid array (BGA) 20, bump . ,
a carrier.” Second lével packaging involves mechanically and
electrically attaching the carrier to the PCB. 1In other
embodiments, a semiconductor device may only have the first
level packaging where the die is mechanically and electrically
mounted directly to the PCB.

For the purpose of illustration, several types of
first level packaging, including wire bond package 16 and flip
chip 18, are shown on PCB 12. Additionally, several types of
second level packaging, including ball grid array (BGA) 20, bump
chip carrier (BCC) 22, dual in-line package (DIP) 24, land grid
array (LGA) 26, multi-chip module (MCM) 28, quad flat non-leaded
package (QFN) 30, and quad flat package 32, are shown mounted on
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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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,

pack%g'ggvse”&? Qther sei%Ctﬁoe”'Cs%%@%%’Q%%t?’ an b%g@@@%%%?g 0 PCB 1210 rate
some embodiments, electronic device 10 includes a single attached
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funcgempenénts intdlelettronic dedicEds and sydtens. Betadsethered using

che a%%’PiCQQHHBH% hackaggs includesophisticated, MiQEéMng]eﬁfB@&s s. The

evices can be manufactured using cheaper components and a streamlined
r e SUkahDfaciifi- Brocess. TR Tesditifg deviees ate |e53dikeRAtd faifapdiess to

manu$XRENsie to. Manufaciure resulting inldower ¢osts forconsumers. FIG. 2a
illustrates further detail of DIP 24 mounted on PCB 12. DIP 24 includes

semiconBiti€tor éife 34 havingXontactupads 36 ISémicbnaficldf Bier d4mounted

on pigludes amactivesegiom caatainiag analogrdigital circyils inmplementethasct
active devices, passive devices, conductive layers, and dielectric layers

padsioited within SERFCSHAUCESH e 34 ditFdre 8 Ectitamy” téfcorriestey
contageordingdadhe glestrical gdesign of the die: sFangxample: e circuildnaye
.include one qr more transistors, diodes, inductors, capacitars, resistors, and

devighar cRedit Biémantsioftied Withil e dGiveTEGioh of die 34 BbRtact - ©
1ayepads 36 acel madenwith acconduative materddl esuch asalumisugilectrically

interconnected according to the electrical design of the die.
For example, the circuit may include one or more transistors,
diodes, inductors, capacitors, resistors, and other circuit
elements formed within the active region of die 34. Contact
pads 36 are made with a conductive material, such as aluminum
(Al), copper (Cu), tin (Sn), nickel (Ni), gold (Au), or silver
(Ag), and are electrically connected to the circuit elements
formed within die 34. Contact pads 36 are formed by PVD, CVD,
electrolytic plating, or electroless plating process. During
assembly of DIP 24, semiconductor die 34 is mounted to a carrier
38 using a gold-silicon eutectic layer or adhesive material such
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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(Al), copper (Cu), tin (Sn), nickel (Ni), gold (Au), or silver (Ag), and are
electrically connected to the circuit elements formed within die 34. Contact
pads 36 are formed by PVD, CVD, electrolytic plating, or electroless plating
process. During assembly of DIP 24, semiconductor die 34 is mounted to a
carrier 38 using a gold-silicon eutectic layer or adhesive material such as

fromthgr@é‘!:el%ox-‘/tJé‘epf’aa%ggg bgg'% i%%%%%%naﬂénﬁuﬁa“v& pagkaging mategal
sucn as p0| mer or ceramic. Conductor eadls 4 arg connected to carrier 3
36, and wireshdnasUR dre.forméll Bétweendeads d40<mhdtcortaét padsi86 of die

insepd AR A firstlevel, packaging Encapsilant 44.is deposited gventhe package
for environmental protection by preventing moisture and particles -12 from
mategiteling thé paékageeand contaghingtint die034 mdnidct padb e36.dramird ©
phy sR2ds 42 DIP 24 is.eonnectad,to.BCB.12 by ripserting leads; 49 into holeg;e
formed'through PCB 12. Solder material 46 is flowed around leads 40 and
mat ejpictheRoles to Phyaicallfaha eledtrieaiR conreet BYP 2216 FCEB 2. Solder

mateatarial 46.can ke any metal @rglecticalygondyctive s material, e.g., Sn,
~lead (Pb), Au, Ag, Cu, zinc (Zn), bismuthinite (Bi), and alloys thereof, with an
bismysdoral fiix (Materiaf Forexample Hhe<otder MatefiaPearPBe eectict 1ux

mateSALD, highsleady ohijerd;free.d 16, 2hdiusiates fthes detalbofBEEA2 ¢
mounted on PCB 12. Semiconductor die 47 is connected to a carrier by wire

Sn/PRondt &ff fikt foveP padieifing BEC 22 is mounted to PCB 12 with a BCC
style second leye packaginga Semiganductar die t44 havwingmontact pads #8ed

on BRTgynied over a carter using an ynderfil o epoxy-resin adhesive materia

: iconguictor Y
wire bond style first level packaging. BCC 22 is mounted to PCB
12 with a BCC style second level packaging. Semiconductor die
47 having contact pads 48 is mounted over a carrier using an
underfill or epoxy-resin adhesive material 50. Semiconductor
die 47 includes an active region containing analog or digital
circuits implemented as active devices, passive devices,
conductive layers, and dielectric layers formed within
semiconductor die 47 and are electrically interconnected
according to the electrical design of the die. For example, the
circuit may include one or more transistors, diodes, inductors,
capacitors, resistors, and other circuit elements formed within
the active region of die 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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die 47 includes an active region containing analog or digital circuits
implemented as active devices, passive devices, conductive layers, and
dielectric layers formed within semiconductor die 47 and are electrically
interconnected according to the electrical design of the die. For example, the
circuit may include one or more transistors, diodes, inductors, capacitors,

. __resistors, and other.circuit €| nts formed within the active region of die 47.
£ 151015y uit /¢ & G %
o e T e T el e PEAC AT () & 15
depoNi, e op ey, andnare celéottically dornected to tive Gircuitselerhentsoformet rads

s, Wihindlie, A7 Contad pads 48 are formed iy BYD, CVR, slegtrolyli, plating

or electroless plating process. Wire bonds 54 and bond pads 56 and 58
elecgleegichlly eorrdct Tontatt phds 48<0fisemiconditrr dieca? o edncepadymed

over>4 0f BLE, 22 formipgghe 513, first level, paekaging, Molding.¢orapgund. or

encapsulant 60 is deposited over Ssemiconductor die 47, wire bonds 54,
platéentactpais- 48 aAd cBhtet pads 5216 Provde physigal SPportan®ther

suit%'ﬁ%i%i§9@t@8§%@€i@ﬁ¥i%% M@_ﬁa@ﬁﬁsa%a@/p{@g@l?V%%%@Ga%
of PCB 12 using evaporation, electrolytic plating, electroless plating, screen

Pr eVt PVAY, 6t bther SUitabIE MeRF défositirr proceds andarengpicall one

or mplated-ton preMent oxidalian Contast pads 64 electrieallyconneckto ane or
more conductive signal traces 14. Solder material is_deposited between

depogdritaet pids'S2bf BRI 22 anb¥dihtakt palbis4° of PCBE 2 °Phé 86idePads 64

of poaterial is nefloweshtaderm busis66 iwhieb farmradnechaniecad angnps 66
. electrical connection between BCC 22 and PCB 12. In FIG. 2c,
WhlCEe%R%ﬁdﬁcE&%ﬂ?féﬁ?%oﬁﬂﬂxﬁ%ﬁg%ﬁﬁﬁ?l connection between BCC 22

and PCB 12.

In FIG. 2c, semiconductor die 18 is mounted face down
to carrier 76 with a flip chip style first level packaging. BGA
20 is attached to PCB 12 with a BGA style second level
packaging. Active region 70 containing analog or digital
circuits implemented as active devices, passive devices,
conductive layers, and dielectric layers formed within
semiconductor die 18 is electrically interconnected according to
the electrical design of the die. For example, the circuit may
include one or more transistors, diodes, inductors, capacitors,
resistors, and other circuit elements formed within active
region 70 of semiconductor die 18. Semiconductor die 18 is
electrically and mechanically attached to carrier 76 through a
large number of individual conductive solder bumps or balls 78.
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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to carrier 76 with a flip chip style first level packaging. BGA 20 is attached to
PCB 12 with a BGA style second level packaging. Active region 70 containing
analog or digital circuits implemented as active devices, passive devices,
conductive layers, and dielectric layers formed within semiconductor die 18
is electrically interconnected according to the electrical design of the die. For

FornEXPTIRle, the reuitmay inclide ane or more trapsistors. diodes, inductors,
capacitors, resistors; ana other circuit'elements formeg within active’ region
CVD, 7@ bt s&rmiconductap e 18 gsemicontector dlie 8 i lelédtricaliyranss .

so1aBechanically;attaghed.tpcarrier. 26 through g, large pumbery of indlyidual. g+

conductive solder bumps or balls 78.” Solder bumps 78 are formed over
contp@gihprds rinter¢aieensites 801 WhictParecdispasedtom acfivéregios 7oder
ref1BWMPRAIS80 are made with a conductive material, such as Al, Cu, Sn, Ni,

Au, or Ag, and are electrically connected to the circuit elements -14 formed

in activeFegioAt7l Buidg pads 8 drE fertRed' By IPVD.CEVD, dlédroiRe to

pce RIatiRg, or electraless plating progess: «Seldgh bumps/8-areLlectiigally anghps
mechanically connected to contact pads or interconnect sites 82 on carrier

or bpg by L8older FEAGH prodesSUBEA 26 Fs cRERRAIY BRd nhedHaniédlly o
intealitaghedto PCR-12 by a large number gt individual .conduetive-selden pumps

or balls 86. The solder bumps are formed over bump pads or interconnect

conngid Ll Bh e Blnmp PAREA are I8 Etrically- ‘Hornetted B drerdofnett &ites 20
rout8d threugh genduetivediness90 routeddbroughdcarger 46..Contagtpads;88 a

surfaa oredayer s sutace of PEB L% YoNg vaRaNop, electohlic pating,
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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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

starfr SRCARSUIANL 02 is deposited oyer semicondyctendip 16 andgamernifio .
provide Shysma support and electrical iso ationafort e gevice. The fﬁp c%lp

die é@rﬁicﬁﬂdm_etér @Ievi@eS_prmi/msdalsh@m etectidcal b@ﬁdu@ﬁompaxhrfrmmh@nal
int <3GVE. deyices pnisemiconductar die 18,0 conduiction fracks onRGE 12 in

order to reduce signal propagation distance, lower capacitance, and improve
semiggarall efredit peformandel ¢d ialvsthenembediprerdt L thetsemiconductor die

imp1L&&AR be mechanically and electically aftacheddirectly 10 PCR. 42 using: fip

chip style first level packaging without carrier 76. FIGs. 3a-31 illustrate a
devigpeedd BPlornfieg eonductive L WES s a peripheid Yegibh efodagdars formed

on t%%BEP@QdH%@N@5191:fja%étaﬁot@ealf%{ec%‘i%ﬂ@iééﬁb9w§&@|ﬂ@l%@&ed
semiconductor die 102 formed on a semiconductor wafer 100 using

accogshvientibRalt itfteGratéd EitCinit proeessds, as deseriféd aboveresstemprle, the
circsemicndueter dieit02 includesanalog pr digitat eirclitsqimplementethas tner
active and passive devices, integrated passive devices (IPD), conductive

CirCaybre bddidiEcticTayéts ormed G fopsitieattivaSurfate 166 argplement

basecglgstically intercopnectedt agcarding tedhe elgctriqal degigmofihe €lig; for
example, the circuit may include one or more transistors, diodes, and other

(DSEitciitdiements formedHittin defive REASEE 106 %o fmplethient  The

semiconductor die 102 may also contain IPD, such as inductors,
capacitors, and resistor, for radio frequency (RF) signal
processing. Contact pads 104 electrically connect to active and
passive devices and signal traces in active area 106 of
semiconductor die 102. Semiconductor die 102 are separated by
saw street 108. 1In 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. 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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baseband digital circuits, such as digital signal processor (DSP), memory, or
other signal processing circuit. The semiconductor die 102 may also contain
IPD, such as inductors, capacitors, and resistor, for radio frequency (RF)
signal processing. Contact pads 104 electrically connect to active and
passive devices and signal traces in active area 106 of semiconductor die

102. Semiconductor die 102 are separated saw street 108. In FIG. 3hb,
e A o g
rang@sV)tape sothat centact Pads dedaarttactiverstrfacer] Carerctiened fdce

des i I0fHGq Af@ SaW;blade of laser {o) 110, gufs through ﬁ% srest1Q8, or

own to expansion table 103 in a dicing' operation. The saw'blade cuts a gap
doubhgving hbvigielessihar ahe width of saw street 108. In FIG. 3d, expansion

table 103 ymgyes, in-wa;dimension aieral, diregtions ag SHOWn IR A¥o0WS rer is

114, to expand the width of saw street 108, I.e., form a peripheral region 116

dicegnd ereutd argreater physaLsSpHaaGP hehigen tH& Siet Ekpansion table

semi @3 mavessupstaniially H}?e§ameaqi_§taép§ée tB%é'@‘E%El%é{'a_e@s within the
tolerance of the table control to provide separation around a periphery of -16

CempPeaaH HieClrhe poRt-exfansion WidthOf pRtiphBral FEgiBRIBT faigesrard an

adhe2209 Py Ehe expanded dimension-depends on thes desigthembedimente are
i.e., half-THV, full-THV, single row via, or double/multiple row via. In an

Placgeriate-émbotitRerti e S8midonadctbPwaferSs dibéd & Se5arats the
sepasemicenduetop diei Jinerndividual semicondugtardieiare then rapsfesredon has

sueedd lfixed 10,8, temporary chip cRiner 02 pickand: place opgration using an,
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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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 120 is deposited in peripheral region 116 using spin

oppolqiing, ngedie dispensina. grother syigbls applisarion rocess, FIS, Sfisd
top view of organic insulating material 20 deposited in %erlp ral region
sideti8.1Qrgahicmateariad 120andsen Behzoeydlolwéne {BOB)epeigimide (PI),
or acryli fesin.cAlternatiyely, other pon-conductiyematerials sueh as & 156 5
polymer molding compound, liquid epoxy niolding, compression molding,
deposgft Rninating filve rormstRerl material havingtieledkic arvelketrivhal insulating
e LecROPEHiEs 30 bE eposiadinneiifteralyepian 16-The DANEONduelee, o
materials can also be deposited using a?ransfer molding or injection molding

othepropess ARG 4 pORRSIFPOLSrRANRINGRTRI 1181 SeRBvEd By iAger

conadidiing or deep reactivesgn f&c@ﬁﬁ @B%@oﬁoaﬁ@a&@%@iﬂgé os-holesl2Zni
that extends down to expansion table 103. The openings 122 extend

mategdmpletell) thougH tRY Sheripferal EgintRsm Ohe Sd€ of felsénicoRdactord

elecdiedodiss 14 0pposiie sider ELG. 3k shews @, top.view 1ot epeningsd22. fhea1
sidewalls of openings 122 can be vertical or tapered. In FIG. 3i, an electrically

deP oSG idutiveTaBASI 126 GBS inRASFeniAge 222 tRITgPYE! G,
depogvapaiatien relestiolytie plating: electrolessquating, sersen printing: o« tather

laye%u%%%eg¥%%!%ﬁggiggngﬂ?%ggéA¥bgecn¥§ﬂypassivation layer can be
one or more layers of silicon dioxide (Si02), silicon nitride
(Si3N4), silicon oxynitride (SiON), tantalum pentoxide (Ta205),
aluminum oxide (A1l203), or other material having similar
insulating and structural properties. The insulating layer is
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
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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 layer 128 from active surface 106. The passivation layer can be

one or more layers of silicon dioxide (Si02), silic itride (Si3N4), silicon
o il e B e i Couns (k1508 51
condgthet nrateddlhavimgssivilachinpulatingland streteralpropértiesnThet ion from

one 03ylating layer s deposited using RYD. CYD.arinting,,sip coating, sprayy, .

~coating, sintering or thermal oxidation. A portion of passivation layer is
die.remdved-iy AhRIcHiRG brocess 6 expise evataet pads 204 1 Phe tonduivecn

to siBYgr148 foarms signal races oryedistribution layers, (RDL)t algelically,  7he

“connect contact pads 104 to conductive material 126, as shown in FIG. 3;.
semiTRE ¢BATGEIVe! hatEfal IZBoaR cORMItivERayET 128 CaBE ohe br more

layers ot il Gih 3 dW, Alofgoer othes suitahle elggtricallys gonductiye
material. In FIG. 3k, semiconductor die 102 are singulated through a center
reCcopdrtigh gt petiphéral FEGBR 196Si.é.1116 bisetd cbhBuctivematitial 128 ahd

pluréreate copductive tbrought Beleadas CHHY) $3@yoHhe peripheralitegion 316 is
cut by a cutting tool 132 such as a saw blade or laser. By cutting -18 .
encappGigh the CertEPGECdritilicivVE matEfial 6 TR £36 aré ‘Yondutpe et 1ve
via halEvieswwhieh previdegan.elecirieal convestionfrot one sidept carrier is
semiconductor die 102 to the oppaosite side of the die. The cutting tool

debo@&ﬁgle‘?&gs}égéfé tﬂjé?)ejf’ﬁ)ﬁa rQ&BHeen 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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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

in cRUEEINGUONas I e, encapgulant Ihe.carieris debended and RS, .
are rorme etween antaCt pads on the se |con8uctor die an COI‘ICPUC?IVG
matevias lIAbditerconnebe structure sdole s wolderduntps arecforded andlithéHVs

142 . Wafgris singulated iplo indlyidug) semiconalugtar die. FIG; 4 shows g final -
configuration for semiconductor die 102 with conductive THVs 130 formed in
Condg petipherdi Yegiont 2ofahe die fo-proVitecam eretridal tonnEctRnfrorh het 0

contSige af each die g the oppasite:side of tha die; Gonductive THVS 130

electrically connect through RDLs 128 to contact pads 104, as well as to
active afid fasdive Beviees BAd Sigidf 8AcesiH &ehive area 106 df L 40

elec$emicondyctoy 9'&1:%@& é_oﬁhPfWSc%%m'kPQPg%thL di@z“@lﬂt@&@I‘QH ct_ive
full-THVs 142 formed in a peripheral region of the die to provide an electrical

Ehr opsineetiBA o bRe Sides of éach dielts fHetdpfositB&idke sFthesdie eTd féifn and
signfull-THHYed42; the, penipheral-ergion is made sufficiently widledederm dwa 140
side-by- side conductive regions like 126 in FIG. 3i. The peripheral region is

&1 e Cfiitelwith Brgafic frate AR AR0°AHY fHe“twiR Conddétiveebions ‘arend
condieemedseparaied Hy the organic material -19 in the peripheral region. The

cutting tool severs the organic  material between the two conductive vias to

[NOWdeﬁmgﬂ4oSShows 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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142. RDLs 144 are formed similar to RDLs 128 in FIG. 3j. 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

48 of each semiconductor die 140 electricall nnect through ta ds
coup e i T S ] B S ana
150 &80 wathrconduetive falt TPR&s1I52 ang condgctiVERRIf-THYS ISAnfermed dmI,
re T, Muliple, offset (s irea peripheral region argund.the dig tq provide.an. 5 o q

electrical connection from one side of each die to the other side of the die.
withTo feemittioTidvsuse ahicehalfldHVis4164,ahe geribherairegntisenade

e1ectyfiiciently.wide, to formdhree, CHQQH%@’?EE%Q?%H@%@SJ’%E@- 3i, I

multiple offset rows. The peripheral region is with organic material like
applizg hh@iite coHGCtvE regRMRaHre f6rmed Separatet by #ie orgardiew—pPass

£ 11 t@gterial in theperipheralregion. Jhe-eutting.toel severssthesmiddle
conductive via to provide one full-THV 152 and one half-THV 154 in the
trangériphetarregidifof eath SerfitBaddctor tie 150SRDTSS 56 areYormead s

fron$iMilad to; RIS iRrF|Gomdbo GORdUGtivenTHY S dH2-bed glestricaliieq
connect through RDLs 156 to contact pads 158, as well as to active and

betwigdsiVvd BefiteSana SigHaltracesIRtHE active’ afeal b sethidbhdadtordie P 2

hi-01%Q.19emicenduetos gig-102,ck40; @nd 15888y €ach coptain hagebangdanertz.
circuits that are susceptible to EMI, RFI, or other interference, such as

In segﬁacﬂm%mﬁgg’sm &%Jdﬁjcﬁ\}g_ﬁluns 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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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,

. %nd- ass filters, symmetric Hi-Q resonant t%d% rmess, and tup' £
pert apealrc%orsr.er%leol%t%gse%nel%g u%g Caﬁéc r(l)Xte-en ng?e[lﬂ;ssaRE%%mp%}r%n?s,
semiwhichucandye positiodédd betveendie antermacandlransceiverrThe IR formed

pr1oRApEtoL fﬁ‘q&fa% :Q balun, transformer, .qr cail, operating yp.f0,190; o, 140
Gigahertz. Tn some applications, multiple baluns are formed on a same
is foupstrhte sallowing hiulfiband operdtidh. For éxampid;e@eo orAiiore balukhigely,

shi eﬁr&i‘&f?edfi@gai guad-pgnd for; mobile phanes oL pther glpbal syster fan mobe ;
(GSM) communications, each balun is dedicated for a frequency band of

depogpdration df the Gliad-bahlicdaies us fyipical RV sysiem reganes mulfple

EMI /s %ﬁqgmﬂn?igbé‘%%”% Girguits Eho%gh'ﬂ%? se@leanduetqr ar,
packages to perform the necessary electrical functions. FIG. 8 shows further
rectaa@it ot the périphetarregfcinaround SERMRONAUELSF die 146, PHIEA42; and

sectRBhI44/frem HIS. 53, 1 nene.gmbsgiment; goe SHV 4428 maynearhy;a digital
signal switching at a high rate. An adjacent THV 142b carries an RF_signal

Periphichds stisgeptibléfo EMIENAREC ThE High freqlendy Shitththg?ortresnt

conddigitaken Ths142e eoulddnduceE Wit and Ricl- Roise-aneadversely affeet .
. the RF signal on the adjacent THV 142b. To reduce the effects of
ShiefdinfeViGEERMt ahd REE WitRH §&hdnbbicfor tid' 14604 66 AEbHBIRG or

poinshielding 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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region 160 is implanted or formed in organic material 120 in the -21
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

aft%r rganic_material 120 is fi Po ited,.e. ..afEert gc ngu tive TIEIVS are .
. 1 1 =
REL formeoafg%ﬁg tl%l\]/l?/{R&il'l S %ejlging reéiorﬁdl%% ﬁéas an %ngt(cj) ar, s%eemfcﬁrcalénr?gnetlc
mat epectdriguiar;or ethef geoitetrioshapeRIGy D isaocrosSusectibnabyiewrofe s s

steeiNielding regiqn 169 extending.through the, periphera) (egion of , i ce
semiconductor die 140 to shield adjacent conductive THVS 142a and 142b

foilfromrintra-devicedBNT ard REIS Shiekdind) eigicit 168 issdonmatted-gngosites

capaldYsimpedanscegraynd polpton 3 Sbstiate orprinted gifcyit poard; (RGB) to
provide a discharge path for the EMI/RFI energy. éhleldlng region 160 can

devige gididleEfrRIAARial such as carbon-black or aluminum flake to reduce the
effects of EMI and ﬁFdwélt%r@§§¥9|¥b%l?J§ﬁgi'}Qgrecgﬁo%ﬂa@% £an %Cg%;ion 164

. magnetic materials such as ferrite or carbonyl iron, Cu, Al, stainless steel,
imp Lapkersiiver, Jow o steel, SNEoRdiforn 3tee 1ol, epdkyl BoRdbctRRTresieral

regiadhd pthefdretals-and compasiies gapableof blacking, ok abseybingEMY, REhe
and other interference. In an alternate embodiment, EMI/RFI noise

EMI/BbdorBittSdrt RidIdiRg hdtenid 4L625is frhpfantéd of BepddiRtepetidefitand

depoarousd congustive-bhyS-142 i dispersedonfiguration; ag shewnon Rl
10. The dispersed configuration may either be through  holes filled with noise

exte&&&meﬁqﬂqﬂmaaﬁggﬁaﬁﬁﬁﬁgggmreglon of sémiconductor 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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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 -22 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,

onductive resin, and other metals 0 sites capable_of blockin

o S BT e, 2o g e Acd o ee Bl e Saoms Fur and

RF'I.noi§é absdibing oeshieldidg fegien ¢64nimspdlantetcoralepositeduit drgaric

groufiaterial 120 the peripheral regionhetween f?%ﬁ%d“&t%‘?é%ﬁé‘?g@ IS »
embodiment, the EMI/RFI shielding region 164 is circular and implanted or

for g&sosiél/dbangeondictive THVs 142. Shielding region 164 extends

through theperiphetal regiqn.of, semicenduston die 149 o shield,adjacent -
conductive THVs 142 from intra-device EMI and RFI. Shielding region 164 is

condgsrrietted ta I0vi-impedance Hrodm® point Be Lsulsiiate i PCE Rpion 170
is rRrayide a dischargs:pathe for the EMHREI energy -Shisidling region 164.can

be a dielectric material such as carbon-black or aluminum flake to reduce the
formgfiacts 8 EMICand RFISRREAHIVSly CStiéRiihg régidr? 162 E8R hedbfi-he inner

sur FABENEHC Mmaterals skgh asHekrite oF catbany irer, Gu, Alyrstainlessesteel,
nickel silver, low-carbon steel, silicon-iron_ steel, foil, epoxy, conductive resin,

shiedfd Bther $Hetals dnld confdbsites capaBRIGtBIGcKiAg br- Sbsdrbifigr EMT SRERD
pe oaRd ethefcintraidgmceasintgrfergnee.do Gy d2rshaows Beise absahing.er sio2,

si3N%Te§¥§H?9¥§5%§§ 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
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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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 -23 to shield adjacent conductive THVs 130 from

intriggr _éqfeivéce I;%gpgeggrlmsehielding region 166 is connected to a

low-impedance ground point on a substrate or PCB to provide a discharge
path forRA& EMIZREhenergyoEl®: k8ostrowes barrier |ajerdb8iformed around 72

1mp1GQAuEtiye T&é\[/p% 142. A nojse ghsorhing or shiefding region 170, ésgi%'%}‘fgher al
around barrier layer 168. After openings 122 are formed, see FIG. 3g,
regismieklirigirRgiors $70 ¢fotmedn thesinaél surfate bhilfe eavdyd Bafidr, each

mvt /heyer 168 is formed.quer shiglding;region 17Q, In oneempodiment barrier

. layer 168 can be one or more layers of an insulating matéerial such as Si02,
imp 1giBner SIONLTR205 giftcair @#02), 103t pBiyitkidecBEB; tive THVs 142.

shieRelybgnzoxazgles(PBQ). oL pthermatsrighhaving §M%h@§ﬁ'§ti%@ﬂgn of
structural properties. Barrier layer 168 is deposited using PVD, CVD,

semiGoRiHic spin Eoating? Spfay coatingd siteAnG BF tHePhfar 6Xidation Hive 142

f rom'eMainingRartier ofvopenings:k22 is filledawith eenduciive matepiakito form
conductive THVs 142. Shielding region 170 extends through the peripheral

CONNRHSIT of SerflicbNtudtBP AP 146 t? Sl adjadért EonductiveTHS §427 FCB

to piferiiatadeyiceiht gadiRfth Shieldiag cregiorn R7Q issennggted to a
low-impedance ground point on_a substrate or PCB to provide a discharge
paﬂubrﬁﬁﬁﬁ BE aagbgn 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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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, foll,

epoxy, conductive resin, and other metals and composites capable of

blocking gr absqrhing EMI, RFI, ather -24 intra-device interference. FIG.

14 show%qlrl%)lesfegalf)lsgc?rgi%%ioornsh}eI in(g:jar%gl%en f?Zgler%% acn%té: Sr%g%gsrltlea |nSuCh
as cerngapicinatarial 12044 tivel peripidrak eegionhetween semicohtector die EMI
ana K4 In this.emboadiment, each, EMURE| shielding.region 122,is qval 0 . _

rectangular and implanted or deposited around two or more conductive THVs
magng42.c Shiglging ¥egioAUT2 @deAds thrdagle thecparisheral regioh ofu, AL,
st ai$aMiconductor die, 144 to shield adjacent,condugtive THYS1142 froMm. o1 ron

intra-device EMI and RFI. Shielding region 172 is connected to a
st eelpw-inPedarteYidund poit ©hld Substfate or PCB abiprévite disciidarge
compRatpdestheEMYRFI @P%@H@Q'Weg%l:@ﬁ pa A digleclrigmatesiale
. such as carbon-black or aluminum flake to reduce the effects of EMI and
IntrREfeAlterRativaly shidlgigSegion 172 can be soft- magnetic materials such

as ferritejerigarbgny ikon, ik &l e siabaless steel Jxckel silyere lawreathofent ion

steel, silicon-iron steel, foil, epoxy, conductive resin, and other metals and
havec&»ﬁﬁBsiﬂésl&Jasp%?éi8@b|b€kﬁ%fo?laloso}:6}ﬁg EMILRE], ad-ofter Wil
apprila-devies terierenee k6. Ibsshows neise ehseiRg on shieldiag region

174 implanted or deposited in organic material 120 in the peripheral
embodiments may be made withdut departing from the scope of the

present invention as set forth in the following claims.
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region between semiconductor die 140. In 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 1/0. 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-impedapce ground point on a substrate or
PCB to provide a discharge path for the EMI/RFI energy. -25 Shielding
region 174 can be a dielectric material such as carbon-black or aluminum
whatlake toredyce the e_ffects 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,

1. conductive fesin, ﬁn’%ﬁl9H1§rén@%1%&8%”8@&99@“%%@5%@1%@

absorbing EMI, RFI, and other intra-device interference. While one or more
emboUifans o@tf%ﬁﬁe%%ﬁﬂ#ﬁéﬁﬁor‘v Hewie Beehiildstrated i aetdily tied
semiSkilied aftisan will .appreciate that modifications and adaptations to those
embodiments may be made without departing from the scope of the present
invertion ds 3ePforthiithé folldhiRG RlaAhs Up® Ehafims SWhab idlainted: At e/

Aduetbed:of making arsemisenductardevice, ICompHrsig pREOMIdIBG &1 region;
semiconductor wafer having a plurality of semiconductor die;
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.
2. The method of claim 1, wherein the noise absorbing material
extends through the peripheral region from a first side of the

semiconductor die to a second side of the semiconductor die.

3. The method of claim 1, wherein the noise absorbing material

has an angular, semi-circular, or rectangular shape.
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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;

4. d%%osmnegcgo apsgﬁblnghnlatertlal inthe pengqergl. r@glgn betwee ln(_%hethe

con uctlve THV to isolate the semicon uctor ie from tra V|ce
noisimterferenbe;randnsingulating thre sémicorduptor walfer thwowgh thetperipherale
Cond@g&q@@ seRarate the semiconductor die. 2. The method of claim 1, wherein

the noise absorbing material extends through the peripheral region from a

first side of the semiconductor die to a second side of the semiconductor die.

5. ﬂu'%e method; ot elajm 1; wherein, the poise;apsorbing matefialh Hasale noise

angular, semi-circular, or rectangular shape. -27 4. The method of claim 1,
absofipthi® iftiiding ﬂisp‘"e@é@ﬁé%%@é abs6tbirirmatstal it thésperiphetal the
perifagionbetweenthe conductive THV. 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

6. Ineluding-forming.thednqise, absorbingHaaterialareund plYralinngf the noise
conductive THVs in the peripheral region. 7. The method of claim 1, further

absoﬁ%&ﬁﬂufﬁﬁﬁﬁﬁféb%ﬁ%ﬂnd 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;

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; and

forming a shielding region in the peripheral region between
the conductive THV to isolate the semiconductor die from intra-

device interference.
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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; 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
9. cdrdactive tayedbetveenlthe condyctive &H¥ and tdoatastpads dfithey region
semiconductor die; and forming a shielding region in the peripheral region

ext pRfhRel TECEEAAUENE TRT %0 RbIgledHe Seprlddmaudtértie fork it Side
of Qﬁ‘éces'&ﬁif%g&r{%ﬁné 809ﬁ The mefhod of %!%'?of‘néﬁ’h%rf@eth% '§ling

region extends through the péripheral region from a first side of the
sem bemicanduetor dig ika 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 dispersi (:T_Eie.ldin material in the peripheral region between the
10 ccifr%1 ucrf%glbraﬁl.ofng. & met odw(tgﬁ‘ecﬁz%%nn&% u?thggllne;lud |%§forrﬁ%ﬁé) %eﬁas an

angushieldingeregion arouharthe condactiventHVan thé pedpheral region.

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

conductive THV.

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

region.

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

peripheral region.

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

forming a through hole via (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
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13. The method of claim 8, further including forming a barrier layer between
the shielding region and conductive THV in the peripheral region. 14. A
method of making a semiconductor device, comprising: forming a through
hole via (THV) in a peripheral region of a semiconductor die; depositing a
conductive material in the THV to form a conductive THV; forming a

be tw%%@qd%cttl've I%y é bg%\/i/een mRchEnductlv? THV Qﬁg cantact Op f the ie from
semiconductor die; and deposmng a shleﬁjlng material in the perlp eraij
intepelgoren2e between the conductive THV to isolate the semlconductor die
from interference. 15. The method of claim 14, wherein the shielding material
extends through the peripheral region from a first side of the semiconductor

15. diehe ansadord side of thensdricoriigetot diet NE6. Sthieede ot akdlaini 44,

exteWHEred'?lP?ﬁ; lelding mat ﬁﬁl@éla@é‘&%l@rf%' cirgufars or ectanguar 1 o
shape. 17. The method of claim 14, further including dispersing the shielding

semigriehit P thelperigheral regiotrvetieen thé CorRiuetve THAUGE Thedie.
method of claim 14, further including depositing the shielding material
around the conductive THV in the peripheral region. 19. The method of claim

16. 14 rartRer imeflididg fokmify & barffér iger betifeet tHelshiedint hateral has
an a@leh carduciive THY irthe: peripheral regian2Q-A serliconductor device,

comprising:
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.

20. A semiconductor device, comprising:

a semiconductor die having a peripheral region;

a conductive through hole via (THV) formed in a peripheral
region of the semiconductor die;

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

a shielding material deposited in the peripheral region

between the conductive THV to isolate the semiconductor die from
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a semiconductor die having a peripheral region; a conductive through hole
via (THV) formed in a peripheral region of the semiconductor die; a
conductive layer formed between the conductive THV and contact pads of
the semiconductor die; and a shielding material deposited in the peripheral
region between the conductive THV to isolate the semiconductor die from
inte-l,SJL\)einteenrfceert?nce. 21. The semiconductor device of claim 20, wherein the
shlellfjlng material extends through the peripheral region from a first side of
the semiconductor die to a second side of the semiconductor die. 22. The
21. samicondnstor device of claim,20, wherginthe shieldipg. materiahhasan ¢14:ng
angular, semi-circular, or rectangular shape. 23. The semiconductor device
mat egfiglain® 20 swherdih traishieldigy pRaterarisispergedin theoperiphiekglst side
of tiRgionhetwsenthe conductive TH\. 24, Thessemicopdygtor device of §laimo
20, wherein the shielding material is formed around the conductive THV in
die.the peripheral region. 25. The semiconductor device of claim 20, further
including a barrier layer is formed between the shielding material and
conductive THV in the peripheral region. -31
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, wherein the shielding
material is dispersed in the peripheral region between the

conductive THV.

24. The semiconductor device of claim 20, wherein the shielding
material is formed around the conductive THV in the peripheral

region.
25. The semiconductor device of claim 20, further including a

barrier layer is formed between the shielding material and

conductive THV in the peripheral region.
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