SEMICONDUCTOR DIE AND METHOD OF FORMING THROUGH
ORGANIC VIAS HAVING VARYING WIDTH 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 through organic vias having varying width in a peripheral
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in the num er an%l&(lgle8 nsity o electrlca component |screte semlconductor
devices generally contain one type of electrical component, e.g., light
emitting diode (LED), transistor, resistor, capacitor, inductor, and power
metal oxide semicondudidiefledd afffddr&raRBEeNYMDSFET). Integrated
semiconductor devices typically contain hundreds to millions of electrical
components. Examples of integrated semiconductor devices include
microcorithslieps, aARIGProtEssvrs cehar§ed-coapled dsicas2 {CODs), solar

sems €8l A0d loital gucioemifrey deyiges (PMIPS). SemieonAuGORTeUkes onduct ox
perform a wide range of functions such as high- speed ‘calculations,

die gadsmringyan® frecening dlettomaghetd SiuRals, ¥oRtolliRg elsttronicy 119

widtdevices, t?&sj%mg@g §U9ngﬁt5@l elgetrigity, @nd creating visual projections
for television displays. Semiconductor devices are found in the fields of
entertainment, communications, power generation, networks, computers, and
-1 consumer productsaSRE¥CAIKMICEYF davicesrrerats@pund in electronic
products including military, aviation, automotive,

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



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

control the O1cocr11glgctivi§/ ?J-thg nsglrlnci%ondu&tc\)]r.device. A seTiconJgTiuctor
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structures are electrically connected to form circuits, which enable the
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complex manufacturing processes, i.e., front-end manufacturing, and
the paacenrd nednufaetuiAg, edtPPihvelvirgt petsitially hiRdfets st steps:© the

semiE@Nerdpapufaciuring involyes, the farmationof & plurality of die on the
surface of a semiconductor wafer. Each die is typically identical and
Condgsiitains irctifts FotetPBy: BReHtaN) cofRELtify active and passive

componentscBack-end sanufastusipg involves singulating cindividuyal dies ve
electoTons MEhedyater and packaging e dIS 2 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 a smaller footprint, which is desirable for smaller end

products. A smaller die size may be achieved by improvements in_the
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The vertical electrical interconnection between
stacked semiconductor packages can be accomplished with
conductive through silicon vias (TSV) or through hole vias
(THV). The THVs are typically made with copper and formed in
organic materials in a peripheral region around the device.
When interconnecting stacked semiconductor die, the small size
of the THV makes it difficult to properly align the THV with its
mating surface. Improper alignment can cause device defects.
Manufacturers often use high-precision bonding equipment to
achieve adequate yield, but such equipment adds significant
manufacturing cost to the product. 1In addition, the copper-
filled THV can oxidize which reduces adhesion strength and
increases contact resistance between bonded vias, particularly
in the presence of high temperature and high pressure during die

stacking.



A need exists to electrically interconnect semiconductor die in the vertical
direction. Accordingly, in one embodiment, the present invention is a method
of making a semiconductor device comprising the steps of providing a
temporary carrier, mounting a plurality of semiconductor die over the
temporary carrier separated by a peripheral region, depositing an insulating

material in the perlpher,T,?ll!1 region, remp mgflhner lempaorary carrier, removing a

first portion of the insulating material of the perleprheralnregion to form a first

opening having a first depth, and removing a second portion of the insulating

material ZQf Itlheeegerthlergl reg(ijone ver t% %igsltlopelqlig%% orm.a second

opening fo a second eptSh less than the first dyepth. e first ancti second
semigperings eonstitetela dompositetthroughdrganicivia (TOM havibgravfisst in
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region of the second opening. The second width is different from the first
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conductive layer between the conductive TOV and a contact pad of the
oversdmitohBUeter aie] afd” Sihgtlatingthe Semiddhducksivaier irdugls then,

depoReripherak redinn {q separate the-semicongduetor dﬁ%ﬂ@fﬂ@m emppdiment,
the present invention is a method of making a semiconductor device
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region, forming a first opening in the insulating material of the peripheral
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the insulating material of the peripheral region over the first
opening to form a second opening to a second depth less than the
first depth. The first and second openings constitute a
composite through organic via (TOV) having a first width in a
vertical region of the first opening and a second width in a
vertical region of the second opening. The second width is
different from the first width. The method further includes the
steps of depositing a conductive material in the composite TOV
to form a conductive TOV, forming a conductive layer between the
conductive TOV and a contact pad of the semiconductor die, and
singulating the semiconductor wafer through the peripheral
region to separate the semiconductor die.

In another embodiment, the present invention is a
method of making a semiconductor device comprising the steps of
providing a plurality of semiconductor die separated by a
peripheral region, depositing an insulating material in the
peripheral region, forming a first opening in the insulating

material of the peripheral region to a first depth, and forming



a second opening in the insulating material of the peripheral region over the

first opening to a second depth less than the first depth, the first and second

openings constitute a composite TOV having a first width in a vertical region

of the first opening and a second width in a vertical region of the second

opening. The second width is different from the first width. The method

further includes the steps of.depaositing a conductive material in the .
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varying width. The method further includes the step of depositing a
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Tov, aneiherempodiments thespresgptinyventien isa Semicendusiordevieg ndquct ive
comprising a semiconductor die having a peripheral region containing

TOV mRtlating Phatefial. ReCorifuctiVe FOVis formved-GértieaR in a peripheral
region ofrthe; semicondugios diescthe, canducve JOV has adirst width in a

first vertical region and a second width in a second vertical  region. The first
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provhetwegndhp cenduetive FOVsamd conductor die separated by an

insulating material in a peripheral region, forming a first
opening in the insulating material of the peripheral region to a
first depth, and forming a second opening in the insulating
material of the peripheral region over the first opening to a
second depth less than the first depth. The first and second
openings constitute a composite TOV having a varying width. The
method further includes the step of depositing a conductive
material in the composite TOV to form a conductive TOV.

In another embodiment, the present invention is a
semiconductor device comprising a semiconductor die having a
peripheral region containing insulating material. A conductive
TOV is formed vertically in a peripheral region of the
semiconductor die. The conductive TOV has a first width in a
first vertical region and a second width in a second vertical
region. The first width is different from the first width. A
first conductive layer is formed between the conductive TOV and

a contact pad of the semiconductor die.



a contact pad of the semiconductor die. -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-3f
illustrate a process of forming through organic vias (TOV) having varying
width in a peripheral region of a semiconductor die; FIG. 4 illustrates the
semiconductor die with TOVs having varying width formed in the peripheral
region of the die BFi@ f5Nlestnigy-tinnstatkddr eePricontagor die with TOVs
having varying width formed in the peripheral region of the die; FIG. 6
illustrates another embodiment of the semiconductor die with TOVs having
varying Witth formietllinthe aperipheralregioncofthe die; tF180 Frlfustiites twa th

dlff%t?‘é%‘%d semiconducior die with JQYshaving vatying,width from FIG. 6 FIG.

8'is a top view of the semiconductor die with- TOVs having varying width
formed iR 5 perpheral feliors b thiee dicd FIGeg ilfistatds o Stagkable

repre@Biconductor dig, with, LQVs faving.varying width, and ap OSRLosAY:;

FIG. 10 illustrates the semiconductor die with multiple rows of TOVs having

varying Witltl$ forared’if the [peripheral regiofcstaRé did; gt 1intustiztesioh

orgathesemigandueton digwith fOMsS-ving width in a peripheral region

of a semiconductor die;

FIG. 4 illustrates the semiconductor die with TOVs

having varying width formed in the peripheral region of the die;

FIG. 5 illustrates two stacked semiconductor die with

TOVs having varying width formed in the peripheral region of the

die;

FIG. 6 illustrates another embodiment of the

semiconductor die with TOVs having varying width formed in the

peripheral region of the die;

TOVs

TOVs

die;

FIG. 7 illustrates two stacked semiconductor die with
having varying width from FIG. 6;
FIG. 8 is a top view of the semiconductor die with

having varying width formed in the peripheral region of the

FIG. 9 illustrates two stackable semiconductor die

with TOVs having varying width and an OSP coating;

FIG. 10 illustrates the semiconductor die with

multiple rows of TOVs having varying width formed in the

peripheral region of the die;

FIG. 11 illustrates the semiconductor die with TOVs

having varying width extending above and below the organic



having varying width extending above and below the organic -6 material
formed in the peripheral region of the die; FIG. 12 illustrates the
semiconductor die with TOVs having varying width recessed in the organic
material; FIG. 13 illustrates the semiconductor die with TOVs having varying
width and through silicon vias; FIG. 14 illustrates the semiconductor die with
TOVs having yarying.width and backside RDLs; and FIG. 15 illustrates the
et G o QIR i Witk GOl Sphea Y G o Pavis veyihg wadth
formed iR iite petiphétal segiohad thédies DetaitediDescriptibncofithéh TOVs
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_“manufacturing. Front-end manufacturing involves the formation of a plurality
perigh§isdh thestirface of & sefidonductor 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 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. FEach die on the wafer contains active and
passive electrical components, which are electrically connected

to form functional electrical circuits. Active electrical



to form functional electrical circuits. Active electrical -7 components, such as
transistors, have the ability to control the flow of electrical current. Passive
electrical components, such as capacitors, inductors, resistors, and
transformers, create a relationship between voltage and current necessary to
perform electrical circuit functions. Passive and active components are

formegsoveg ﬁh% sgrface of tfles %%I’PICO ductor %/\{1aefe%l %C .serleg oof gg% ess
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process modifies the electrical con uctivity of semiconductor material In
relagdtivesdenices; tvarrsfornvingahe senviconductorimatesiabista @ pevmiadeAprm

cle c@??@% ng‘gﬁqetntﬁ%qu%)ﬁ,sqr changing the semiconductor material

conductivity in response to an electric field. Transistors contain regions of
varying types and d@@@e@s:@fi_u@pﬁe@m@“éasagtﬁécéwfb enasle'the
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~_application of an electric field. Active and passive components are formed by
incliggeérdofd fiatedals POGfErett elsthiicet propettiEsPihe layefdéary beand

planformedby-a varietyof depositiop dechniques,determined;in part jpy the type
of material being deposited. For example, thin film deposition may involve

semi gpaiieaF oapSttiepositionC V) Iphy$ieaF vapor dépositvh (PRByntation or
ther@lgctralytic plating. andrelegibpless; piatingdygcesses: Eashtayerds generadly 1
cond o O Ol SR EERYe SATRANENIS, PASSYE e devices,
transforming the semiconductor material into a permanent
insulator, permanent conductor, or changing the semiconductor
material conductivity in response to an electric field.
Transistors contain regions of varying types and degrees of
doping arranged as necessary to enable the transistor to promote
or restrict the flow of electrical current upon the application
of an electric field.

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

The layers can be patterned using photolithography,

which involves the deposition of light sensitive material, e.g.,



components, or electrical connections between components. The layers can
be patterned using photolithography, which involves the deposition of light
sensitive material, e.g., -8 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, expasing portions of the underlying. layer to be patterned. The .
o L R the photaresal s removsd 1aainG Befind 4 pRRSr i ayer
tranAlfermativelyrsome types ohawterials @re pattemedelsy directh/idepdsityige -
tne 16 PiIEal o e AER0 L ¥gids FNSADY, ANIBYIoNs deROMAUELCh, -
rocess using technllaues such as eléctroless and electro ytic plating.
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involves polishing the surface of the wafer with a polishing pad. An abrasive
matembidrial ahe corsieccHermitalared added 1 theosurfaderéitheWwafer during

depoRalishing: Jhen cogmbinedsmechanicalagtionpfibe abrasive and CorpPsivess and
action of the chemical removes any irregular topography, resulting in a
e Lechgiforiity flaPduitfaced Back-end manufacturing refers to cutting or singulating

the finished wafer infg the individeahdie anchiben rpackaging therdig fars t i ng
pattgﬁﬁxgggSggggég?gégwgggnﬁﬁggrlying 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



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 -9 interconnection with other system components. Contact
: @ads formed over.the se iconduct%r die are then cgnnectgd tQ contact Ci)ads
inte %ﬁnqﬁctloﬁ W1 ot e{.sys enl %omgoneq)s. on ﬁCt(Pa S
within the package. The eléctricat connections can be made “with solder
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paas2 e molding naterialis deposiied over ihe: packags (o poyide PVSICAle maqe
elec I he fi
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avaifElegtranicdevice 10 may he astand-algne-system that uses the
semiconductor Ciackages to perform an electrical function. Alternatively,

electronic device 10 My Bea cSutschididnt of d9aryer sySteh Fotd a chip
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card, or other signal processing card that can be inserted into a computer.
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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

traces 14 are formed over a surface or within layers of PCB 12
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application specific integrated circuits (ASICs), logic circuits, analog circuits,
RF circuits, discrete devices, or other semiconductor die or electrical
components. In FIG. 1, PCB 12 provides a general substrate for structural
support and electrical interconnect of the semiconductor packages mounted
on the PCB. Conductive signal traces 14 are formed over a surface or within

. _layers of PCB.12 -10 using evapgoration, electrolytic plati lectroless . .
a5 e intse PYD b e b e depahn plolatd o
screSignattraces i prdlide for elétteicalscommohieation abetdeensachaf the

procegpicondy %9%93%%%%%% ”1%“%%\9%‘@0989% 1and.other external Syster ;
components. Traces 14 also provide power and ground connections to eac
betwekthessephicoridudter packagesilis somecembediarontsicaisémitohduptorents,

and 9gYIEe hastwo pac g’c%lﬁvglgmﬁgﬁrelﬁ¥§|.pa%9@@s's AYeChRIQUS 1BL, 5 e
mechanically and electrically attaching the semiconductor die to a carrier.

powegeassd Evelpackegimeipvores mectraridallyfandh electicatiydtachig the

packGRyLigr to the PCB. In other embodiments, a semiconductor device may only
have the first level packaging where the die is mechanically and electrically

mounteddiréRyto tAE PEBFErthe pufsTsECorifivstiationd several §pesofo
packiifst leyeh packaging, ingluding wire bend package 16 apddlip. \6hiRd8, are-

shown on PCB 12. Additionally, several types of second level packaging,
me Chipgfifefing Balf gfid alay (BER)120/ by Chip'Garkie? (BET) 22" dbalbRTingte to
a capackage (D4R}L24dand-gid pray {bGAY 26n tuilti-eBipaedule(MGMY 28nq
elec%??lg%agpgﬂgiggging 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

packages over a single substrate, manufacturers can incorporate
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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 ttachegl semiconductor p cka%e while .other gmbodiments
pre—ma”yfe COI‘[ilPOI ents 1Nnto e eCtEODlC evil S. and sgs ems .

call'for multiple “inferconnected packages. By combining one or more
Becasemiconducten ipackdyges ovepa skwle substratedmanofactsers eard
runcERIREIae, L1 pre mads camponents nio.gleglronie devices And sysiems.

ecause the semiconductor packages include sophisticated functionality,

cheaglectronicrevives<caride mariufactaretngsing.acheaper somponentsca®ba The
resutfganglined,maoufacturing. process The Jresylting deyices are lessikelto. «o

fail and less expensive to manufacture resulting in lower costs for
manug@stmerst FRGL12a ltistrates Fuitecdetai of DIP Q4nfvusted - on PCB 12.

DIP 24 ingludes semiconductor die 34 haying contagt: Pags 388e 24 mounted

Semiconductor die 34 includes an active region containing analog or digital

on  Pgikeults impRRertedidscdétives devites Pessiecdeides, tondactivedagertact

padsan@ dielectric Jayersforped withirysemiconductor die,34 apd are glegtrically
interconnected according to the electrical design of the die. For example, the
conteifdtitihag hctGde BRe Gf Fidre trahsT<tdrst diodes, SATIKSHS, 8apaditors s

devikesistorss and-pthercircult selemants farmed withiathe agtive ragior ef die34.
Contact pads 36 are made with a conductive material, such as aluminum

Lavegs), COpBER (U B tSAFHGRI NI Fgid tAR), b stver tAG), anaarstcally
inteelectiically eannecied da the eircuitelements rical 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

from entering the package and contaminating die 34, contact pads
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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 ds .42 are
36, f?)rrm“e]%:irﬁetl\o/\?e%gnsle%ags' 408£r%:i ?o%ntégt pcaodlz'snS%C 8 |e%04 a?;&g f§s2t %gel
insepackaging: ErcapSulant 44 s depositadmaer the pagkadefor 1@nvirdhmieltal
rotectipn hy preventing moisture an rticles from entering th ckage
U R k) bR G b S
phy s¢ormetyed tolPEBL2 by ciaseéntingdeads 40 Nt holes-foried thibughSeCBer

mate}3a30d8r matepjal 46,15 fiwed argund,leads. 40 and info the hgles; fo

physically and electrically connect DIP 24 to PCB 12."Solder material 46 can
mated ahy nfetdl or Slectricaly coRduotiveumaterial Celg., Britdedd (Ph), Au, Ag,

pismaHniiAg {£n) shismuthinite (Bi)-and glloys fhereof, with an gptiopalflux: 1«
material. For example, the soldér material can be eutectic Sn/Pb, high-lead,
mategrfead-frée FIS* 2BMktratesSiupthef gEtallcdf BCE 2 2ombuRfe e BATTEB 4 2.

Sn /ngmiqu'ﬂgugggdj,ie 47 is gganegted to a carrier by wire bond style first level
packaging. BCC 22 is mounted to PCB 12 with a BCC style second level

packagifig: Semiconductdr it a7 Havirig Edntdetgads 48 isShbunted e &ed

on peaTiepusingan shdedilorepoxy-resinadhesiveamaterial §05 Serucondictar
die 47 includes an active region containing analo%gé di2g2ital, circuits

"ireinisiethentett &s ALivE devices, gaRsiadevices, 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

first level packaging. Molding compound or encapsulant 60 is
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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, A ,.orﬁg} , and are .electrically connected. to
depOt%le%ércfuﬁ"e‘?é‘maﬁ{%lf%%%ea%&".%n %ﬁe% (‘.]’c:o%%a%? pade %Zgrg’forcrﬁg py- Pads

48, PYD, QD aalectpelsitic Plating, or eleciolessyplating progessrWirensonds 54
nd d .pads 56 and 58 electrically connect contact pad
oo A B & Btk p o 3 ot B D5 s e HhsfiESeformed
overpml@@ﬁ@mldﬁg?@np@unmémn@mmmsrlgbepbsiteld/wer
p1atSegiconductor die.d ¢, wire bopds 54, coniact pads. f‘ﬁ%?”gx‘?ﬁf‘taoci Pads &2
to provide physical support and “electrical isolation for the device. Contact
sultpadseh e forfivaP dver asurface ©f PCBLY2 asthgteriporation, elédtRly tico

prevRlaHing.&lactqless plating, sereeppiinting, BYD. Of pther j suitable metal: o one

deposition process and are typically plated to prevent oxidation. Contact

or Mgads 62RIBtHICAY cohfiBetto GTREDF mMdre corelliétive BighaFtrades B4.
depoS9lden materialds @%ﬁ@ggﬁé\a%e@@06@013@@(182529&@(‘@%@@@5@ pads 64

contact pads 64 of PCB 12. The solder material is reflowed to form bumps

of PE& which fafhe aShecianifa dididlécttitaF Sonreésign beiieemBeE RS &'d

whicRCBL4 18 FlecRensemiconductor diec18 issmountegface sowne to;eartiescc 22
76 with a flip chip style first level packaging. BGA 20 is attached to PCB 12

and Ltk alBGA style second level
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 1is
electrically and mechanically attached to carrier 76 through a
large number of individual conductive solder bumps or balls 78.
Solder bumps 78 are formed over bump pads or interconnect sites
80, which are disposed on active region 70. Bump pads 80 are
made with a conductive material, such as Al, Cu, Sn, Ni, Au, or
Ag, and are electrically connected to the circuit elements

formed in active region 70. Bump pads 80 are formed by PVD,
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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 farmed within active region 70 of semiconductor die 18.
VD, ettty e HA%S lSetricalyr 4 rasharioally Shashe kS &8s 76
Soldtarotgimaslarge aumbet efindividual xoaddctiverselderchumps oralis 78d to

cont 8'19'%@QHE”F’SJSi%’teefPé@SQeOg}’gr 5%‘&%%‘5 gJ intereon %C‘%fe% 8Q, whigh.
are disposed on active region 70. Bump pads 80 are made wit a donductive
ref lgiateriabcsuch-as Al, Cu, Sn, Ni, Au, or Ag, and are electrically connected to

the circu glements. farmed in actiye yedion 70 B pads §0.zre formed by

PVD, -14 CVD, electrolytic plating, or electroless plating proCess. Solder
PCB pympsg 78 drerdectricaiieand mechanicafly ednsectdd &6 icontact pdes gpumps

or piErconpect sites 82 onycarigy, {8 by solsr {eHow process, BGA 20 1s

. electrically and mechanically attached to PCB 12 by a large number of
int eparideet ohidietiesolder Biimpsr 58 B6S Therslderstumps arel Y

connformed aver bump-pads, et intercannegtsites 84 the-bumppadsB4 ares 9o
electrically connected to interconnect sites 82 through conductive lines 90

routrfitddHibagh cafier 6. Contadt PAHR BB aeFdrMed duer 4 CSiitfate o PCB
sur £328sihg evaporatians eleetobdicqiating nelestreless platings spreeniprnting,
ele cgggégg, e Stlane T denostion process,and are bRl Riatedi?.
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-3f illustrate a process of forming conductive
vias in a peripheral region around a semiconductor die. To

start the process, a plurality of semiconductor die 102 is
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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
rnglgCifical, isolation.for the device The fib, ghip semicondugtordevice, o oy
provuﬂes a Sfiort efectrical ¢onddction path?%m the active dévices on’
circseémigonduetosdie 18 to derductiondratkswon. PCBal2: iserderdodeducse die
102 Si903\Rropagaton distance, Iower, canaciianee. and mproye oyeral drui,
performance. In another embo iment, the semiconductor die 18 can be
and meehanicalie andeslectricalvattactredldirectly to PCB d 2alsivg flipachip yvstyle
fornfliSt I8vel packaging without cartier 76. RiGs. 3a:3fdlustiate aprogess of
forming conductive vias in a peripheral region around a semiconductor die.
inteTgostarthe processr d phwality dfisensieanduciordied®iign1® forhhed 6 a-
For SSIBigoDAUCtorwaferusing conyentiona),integrated, Cirguif Pracesses.As,r s,
described above. Each semiconductor die 102 includes analog or digital
diodgifouialitpRémertetigscactives ARAIPASSive HelResVedhduttive taytrs sard ace
108 dislectric layers: formed.an fopside agtive-surface-108 andelectricallyi c 41
~interconnected according to the electrical design of the die. For example, the
S1INgifciting§ fiicttdel BRE br M8 trahsistors? disdes HhdPothBr Gifcufs 1 19

circelements farmedwithinactive sufface 1108 teipnplementbasepandidigitalrated
circuits, such as dtiﬂif:[al signal processor (DSP), memory, or other signal

Pas shratedsitg CEircult: Thé semicondiittor Gt g2 May Gl coritantintetfrated

resistor, for radio frequency (RF) signal processing. Contact

fo

pads 106 electrically connect to active and passive devices and
signal traces within active area 108 of semiconductor die 102.

Semiconductor die 102 are singulated from the wafer
and transferred to temporary carrier 104 using a pick-and-place
operation. Semiconductor die 102 are mounted over carrier 104
using ultraviolet (UV) tape with a predetermined separation or
peripheral region to provide adequate spacing between the die to
form through organic vias (TOV) or through hole wvias (THV), as
described below. The front side of semiconductor die 102 is
affixed to carrier 104 with contact pads 106 and active surface
108 oriented face down.

In an alternate embodiment, the semiconductor wafer,
with semiconductor die 102 separated by a saw street, is mounted
to an expansion table with UV tape. A saw blade or laser tool
cuts through the saw street down to the expansion table in a
dicing operation. The expansion table moves in two-dimension

lateral directions to expand the width of the saw street and
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passive devices (IPD), such as inductors, capacitors, and resistor, for radio
frequency (RF) signal processing. Contact pads 106 electrically connect to
active and passive devices and signal traces within active area 108 of
semiconductor die 102. Semiconductor die 102 are singulated from the wafer
and transferred to temporary carrier 104 using a pick-and-place operation.
eornSgTiSOnAuctor die 102 are mounted over carrier 104 using ulravialet (V)
tapepwﬁh 5 prege ermmed separation or perlphera(fj region to Br ide
sepaadeguate Ispaviagrbetiveen tke dieTtioe farrptmeuginotganicvias (EOV) or
hrough hole vias (T. as. cribed.below, The front side of . L
s o e TAF s it atter L1 Wi Contats dadls Tok gt £in
the &ctversurfaceoc108lotiehtsullface dowrm In an altepvatéemisodiment, thearound

ap eﬁ,g@iggwugtpr wafer, yyith semiconductor die 102 separated by a saw street,
is mounted to an expansion table with UV tape. A saw blade or laser tool

cuts th_ro@@hqﬁ@@@ﬁﬁspﬁéﬁ@b@xﬁﬂﬁ@qhé@@aﬁsibnJté;@lejiﬁ ad@im?git_ed in the
per i PREVAION TRE SXPAISIQR table mpves n fwedimgnsion, ateral dice to

expand the width of the saw street and -16 form a peripheral region which
coatéreates's gredtef physicd 18éparatioR befiveetithecdié STRERXxp&ISiéR Table

procROyeS %@%@M}S’&%%@@t@is@ﬂgﬁm thens-axisiand y-piiswithipethe
tolerance of the table control to provide separation around a periphery of
benzegett die> Ahdtganie tRdulafid iateéial 1407s depbsitéd ilthe pefpheral

Altekegion betweenssemiconductor dig 102 ysing spin- coatingneedle a polymer
dispensing, or other suitable application_process. In one embodiment,

mOlddﬁﬁnﬁﬂ%%&H&ﬁ116%%H%ﬁ3epoxy molding, compression molding,

soft laminating film, or other material having dielectric or
electrical insulating properties can be deposited in the
peripheral region. The non-conductive materials can also be
deposited using a transfer molding or injection molding process.
In FIG. 3b, the temporary carrier 104 is removed and
the assembly is inverted so that contact pads 106 and active
surface 108 face upward. A first portion of organic material
110 is removed by laser drilling or deep reactive ion etching
(DRIE) to a depth of 5-500 micrometers (um) to form an opening
or hole 112. 1In FIG. 3c, a second portion of organic material
110 is removed by laser drilling or DRIE to form an opening or
hole 114 to a depth less than the depth of opening 112, e.qg.
less than half the depth of opening 112. Alternatively,
openings 112 and 114 are formed with wet or dry etching using
different masks. Opening 114 is centered over opening 112 but
cut to a lesser depth. The combination of openings 112 and 114
form a composite T-shaped through organic via having varying

widths as the width of opening 114 is greater than the width of
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benzocyclobutene (BOB), polyimide (Pl), 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 the
peripheral region. The non-conductive materials can also be deposited using

a transfer molding or injection molding process. In FIG. 3b, the temporayy . B
oPer e 104 s a3 S e SRBADE Tt O3 (e o b o ©
400 106 and active wsiutacediDSfaee upyvard 4A fisstfpdrtidnh 6f organiclimaterial

. . 11Q is_removed hy. laser drilling or reactive jon etching IE)toa
=10 aD e etors () S i et o e TL e RIG5c,
tapeasédceond portion of organic material 110 is removed by laser drilling or DRIE

to form an,0paning oy hale 114.10.a depth jess than the depth gt apening ;14 ;5
112, e.g. less than half the depth of opening 112. Alternatively, openings

depori2 afid T1daredermed with Wettordry blching ising differertimasks. hrough
or ga@PENINGLL4 s sentered pyep ppeningrl 12Ut cutioa lessen depth ThHe s

combination of openings 112.and 114 form a composite T-shaped through
platapfanicodia Having varying? Widifs a8 the Widthrofiopenihg P14 Rigreateithanble
me t atheduigdths of 1170pgning 112. InfeResembediment, the widtly of,opening 12 is
~ 5-400 pm and the width of opening 114 is 2.5-200 pm. The sidewalls of
diangséedifg 112%nd Spening 1 14tanbe vértitaloritdpeted MRTFIGS3d, aFI1on

118 electicgy cendugtiveimateriabl16is depesitediinia @panings-1d2wand;114
_to form conductive through organic vias (TOVLusing PVD, CVD,
reglévh&ﬁﬁﬂﬁﬁ(ﬂé&ﬁﬂﬁﬁ;materlal 110. The first width of TOV 116

in region 118 is greater than the second width of the TOV in
region 120. The larger width of TOV 116 in region 118 provides
greater alignment tolerance and simplifies interconnection when
stacking semiconductor die. The smaller width of TOV 116 in
region 118 requires less conductive filling, which decreases
manufacturing time. TOVs 116 can have tapered sidewalls which
also simplifies the filling of the composite via with conductive
material.

In FIG. 3e, an electrically conductive layer 122 is
patterned and deposited over organic material 110 and active
surface 108 of semiconductor die 102 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
die 102 to isolate conductive layer 122 from active surface 108.
The passivation layer can be one or more layers of silicon
dioxide (Si02), silicon nitride (Si3N4), silicon oxynitride

(SiON), tantalum pentoxide (Ta205), aluminum oxide (A1203), or
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plating, electroless plating, screen printing, or other suitable metal deposition
process. TOVs 116 have varying widths or diameters, i.e., the TOV has a
first width in vertical region 118 of organic material 110 and a second width
in vertical region 120 of organic material 110. The first width of TOV 116 in
region 118 is greater than the second width of the TOV in region 120. The

larger width gf 0OV.116 in.reg&on 118 pr vidEe.s reatgr ali nm%nt to&erance
other %ater%a . av1n% s%m ?F 1n &&a 1ng an s% ua.u%ﬁ
and simplifies interconnection when stacking semiconductor die. The smaller

propwidth ®f TO\A1 b6 It regionfl I8 requires lesstdanduttve filling, whichved by an
ot cndREreases. uanyfaciring time. TQYs 116 can haye tapgred sidewalls which
also mplifies the fillin of t e composite via with conductive material. Tn
layeFIG.23k, avrelectricaihpdondurtive layeridiis tpadtterhed andadepositédover to
e1ecRi0ADIC Materig) 110.and agtive, suface 198 of semigondygtor die-102 using
PVD, CVD, evaporation, electrolytic plating, electroless plating, screen
condprtirics oratifar sultableometdl depositien precessyAn optoreal paksivatien or

mor <l2Y8,£81 bg deppsited, over,semicondyctog, die 102 jpyisolate candyetive
layer 122 from active surface 108. The passivation layer can be one or more
e lecgyeérPafisilicom dibxide’ SiD2); 2Hiedn nitride (Si3N4), silicon oxynitride

(SION), tantalym, pentoxide{Ta20%)s alumigemsexide £Ad203), Pr 518 othes

material having similar insulating and structural properties. Ag)ortion of the

undeggegrationiaysisis FemMbYEd Y ST BicHify PIOteER to L%pdsé contieEpads
back}@b.nthe.eonductive viayer122 formsisignaldracesiofyedistributipadayershing,

dry Ry S o s CO o P e e h M s prscess.
Semiconductor die 102 are singulated through a center portion of
organic material 110 between TOVs 116. The organic material 110
is cut by a cutting tool 126 such as a saw blade or laser. The
cutting tool completely severs the peripheral region to separate
the die.

FIG. 4 shows a final configuration for semiconductor
die 102 with TOVs 116 having varying width, i.e., the topside of
TOV 116 larger than the bottom-side of the TOV. Conductive TOVs
116 electrically connect through RDLs 122 to contact pads 106
and electrical components within active surface 108. Conductive
TOVs 116 extend from one side of the peripheral region of
semiconductor die 102 to the opposite side of the device.
Conductive TOVs 116 provide electrically interconnection in the
vertical (z) direction when stacking semiconductor die.

FIG. 5 shows two stacked semiconductor die 102.
Conductive TOVs 116 are mounted with electrically conductive
bonding agent 128. The larger portion of TOV 116 in vertical

region 118 increases alignment tolerance with the smaller
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conductive material 116 and conductive layer 122 can be one or more layers
of Al, Cu, Sn, Ni, Au, Ag, or other suitable electrically conductive material. In
FIG. 3f, the backside of semiconductor die 102 undergoes a backgrinding
process to expose TOV 116. The backgrinding may involve mechanical
grinding, CMP, wet etching, dry etching, plasma etching, or another thinning

proces [ rﬁdu.ctordie 102 are singulated through a center portion
P et 110 Davkgh TOUs A18.Thb Sigaric Matoral 1100 LU B~

organic ma e orgahic ma iscut by
108 atuttegitooht26:swuch ds @ saW blateardaser]l The ceoutting tod lcompiétely

ever peripheral.regi separate ie, FIG ho final
Cont%ocn ig%%telson%%%r ’se?n%o%%%%r g?g({loczoév%teﬁgrtd\\lfé ﬁé\isav\lfr%é\aiarying width,
i.e., the fopsietefr TOVC1 B8 lardertah thé botteamsideroftisg FOVlie with

TovsCRIAuGHYe, LQVS , 116 elactrically coppgetthrqugh RPLs 122 to,contact pads,

106 and electrical components within active surface 108. Conductive TOVs
bott o exepdiforhmelside bf theapeifsheralaregidicoft semictmdaétor ke 107 -

astelo heONPAsLe side ofthe device; Conductive TQVS 146.provide electricglly
interconnection in the vertical (z) direction when stacking semiconductor die.

semipgnBIsHeHs B statked WBATIBENRUCIEIdIB A 021 [CoRUEvE TOME 316 Bfe and

act 1MOuUBigd-with elecirically condyistive bopding-agent 128, The larges PORioR, rmed
, of TOV 116 in vertical region 118 increases alignment tolerance with the
in ogmaler-1933dtion of TeV P¥6 ifvérticArregioh 20 THE ddtiveSiifacesth of

5-50408.@f semicondygtor siie: 102 glectrically conpectthraughi €optast pads 106,
mate?iDé_f 112326ag§ Cfgglejgtl\{jer-jlj?]\./isn]él%r DRIE to a depth less than the
depth of the first opening, e.g. less than half the depth of the
first opening. The second opening is centered over the first
opening to form a composite inverted T-shaped TOV. The openings
can be formed with wet or dry etching using different masks.

The width of the opening in vertical region 140 is greater than
the width of the opening in vertical region 138. 1In one
embodiment, the width of the opening in vertical region 140 is
5-400 pm and the width of the opening in vertical region 138 is
2.5-200 pm. The sidewalls of opening 112 and opening 114 can be
vertical or tapered.

An electrically conductive material 142 is deposited
into the openings to form conductive TOV using PVD, CVD,
evaporation, electrolytic plating, electroless plating, screen
printing, or other suitable metal deposition process. TOVs 142
have varying widths or diameters. In this case, TOV 142 has a
first width in vertical region 140 of organic material 136 and a
second width in vertical region 138 of organic material 136.

The first width of TOV 142 in vertical region 140 is greater
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An alternate embodiment of a semiconductor die with TOVs having varying
width is shown in FIG. 6. In this case, the bottom-side of the TOV is larger
than the topside of the TOV. After the temporary carrier is removed, as
shown in FIG. 3b, semiconductor die 130 remains oriented with contact pads
132 and active surface 134 face down. A first opening or hole is formed in

handlg30Ic,material 136.by laser driling or DRI to a,depth of 5300 pm. A 1y
secondsopenmg or hole is formed in"organic materia 36 gy faser rilling or
largBRIk tolaldepth 1658 thad ther depth ofithefirsbopenidg se gr tessdhan hatffnment
to1c{18:depth gf e, fist.apening The, seqond gpening s sentered,aue the first
opening to form a‘composite inverted T-shaped TOV. The openings can be
semifopmédatithrwet er. drylétehisgaushsy diffedént maskEThedwidimofthgion 138
requdR@UNg i verticalregion, 140 is,greater than Hheyidih.ofthe apening,in. s ng
vertical region 138. In one embodiment, the width of the opening in vertical
timeregidiPY40 ist 5-40@ pheaisd fRO®iorh of iikcopdnling il veticalregichl 188 isf ies

cond&e40Qpw; Thesidewalls of opening 112 and opening 114 can be vertical
or tapered. An electrically conductive material 142 is deposited into the

opening$fo fotfréonckrtlive TOV' 88ingPYDLIEVEy, eévipotatidit dlectrsiticind

depoBlating, @leetoless platingxsereen printing, o Qthes suitable metal depogition
_process. TOVs 142 have varyingDWidths or diameters. In this case, TOV 142
semipaddUfiisPiidth $n veélticaPrediort Y20 of BRyarfi Afatéridl 136  arfl- & “Secohyt - ©

platWidih iverticaegion 138 of arganiccmateriab A36+ The firgtwidthnefr TQVitaple
142 in vertical region 140 is greater -20 than the second width of the TOV in
meta&eﬁEQQ%@ﬁﬁfiggﬁﬁﬁﬁss- An optional passivation layer can be

deposited over semiconductor die 130 to isolate conductive layer
144 from active surface 134. The passivation layer can be one
or more layers of Si0O2, Si3N4, SiON, Ta205, Al203, or other
material having similar insulating and structural properties. A
portion of the passivation layer is removed by an etching
process to expose contact pads 132. The conductive layer 144
forms signal traces or RDL to electrically connect contact pads
132 to TOVs 142. The conductive material 142 and conductive
layer 144 can be one or more layers of Al, Cu, Sn, Ni, Au, Ag,
or other suitable electrically conductive material.
Semiconductor die 130 are singulated through a center

portion of organic material 136 between TOVs 142. The organic
material 136 is cut by a cutting tool such as a saw blade or
laser. The cutting tool completely severs the peripheral region
to separate the die.

Conductive TOVs 142 electrically connect through RDLs
144 to contact pads 132. Conductive TOVs 142 extend from one

side of the peripheral region of semiconductor die 130 to the
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larger width of TOV 142 in region 140 provides greater alignment tolerance
and simplifies interconnection when stacking semiconductor die. The smaller
width of TOV 142 in region 138 requires less conductive filling, which
decreases manufacturing time. TOVs 142 can have tapered sidewalls which
also simplifies conductive filling. An electrically conductive layer 144 is

patterned and deposited over organic material 13 d actjve surface, 134 of
oPP e eto? e 150 LSRG I COb SekpOaton, Slobt bt gt
elecelectreless platingy soreeadqirinting; or other suifalle cimetal depesitishacking

Semig_rgg s%.t%_r% ogg%n.al passivation layer can be deposited over semiconductor

ie 130 to isolate conductive layer 144 from active surface 134. The
passivatiohdayéer cdrrbe oheoosinore fayess bf S Si3N4, SION, ITER05,

cona:243.orher matedal haying simylap jnsulating and stuctyral properfies, A
portion of the passivation layer is removed by an etching process to expose
bondg@staéisads 132 Thelbonduztive fayep144oforais sigvaltfatesorrRDE igal

regiBlectigglly gonnecteontact pags n132 1o TOYs 142, The conductive material

142 and conductive layer 144 can be one or more layers of Al, Cu, Sn, Ni,
portAGnAg T of Othersuitableveleétically 6ndutiivé haterial Sepdiesrductdrdie

compb3Q At Sipgriated through agenter- partionsoforganis matedal-13¢ begtweens o
TOVs 142. The organic material 136 is cut by a cuttin%tool such as a saw

e Lechiade ot aser THe Cutlifg BT RoRISER VTS the peripheral refn 16

condseparate thewdie.1@Ggnductive TOVs 142 electrically connect through RDLS
144 to contact pads 132. Conductive TOVs 142 extend from one side of the

peripheralf2gich dfsémitBRdCEF die™ 1 SFiyithenductor die 102 with

TOVs 116. Conductive TOVs 116 electrically connect through RDLs
122 to contact pads 106 and electrical components within active
surface 108. Conductive TOVs 116 extend from one side of the
peripheral region of semiconductor die 102 to the opposite side
of the device. Conductive TOVs 116 provide electrically
interconnection in the z-direction when stacking semiconductor
die.

In FIG. 9, two stackable semiconductor die 102 with
conductive TOVs 116 are shown prior to mounting. Many metals
used in conductive TOVs, such as Cu, readily oxidize. The Cu-
oxide reduces adhesion strength and increases contact resistance
between bonded TOVs, particularly in the presence of high
temperature and high pressure during die stacking. To reduce
oxidation, an organic solderability preservative (OSP) coating
148 is applied on upper and lower contact surfaces of TOVs 116.
The OSP coating 148 also improves adhesion and reduces contact
resistance between bonded TOVs 116.

In one embodiment, the OSP coating 148 is formed by a
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-21 opposite side of the device. Conductive TOVs 142 provide electrically

interconnection in the z-direction when stacking semiconductor die. FIG. 7

shows two stacked semiconductor die 130. Conductive TOVs 142 are

mounted with electrically conductive bonding agent 146. The larger portion

of TOV 142 in vertical region 140 increases alignment tolerance with the
sexs3maller porion o 1OV 142 vertical tedion 138, 1he electrical components

within adtive surfaces 13497 sefmiconductor die ]ﬂb electrlcaﬁy Connec
undethiouglycontatbpads 132,tRDLs 144candiconatetiven TONSL 842 1HIGs 8/isacid

top vi W of semiconductaqr q<i% 102 with TQVs 116. gond cti.vg TOVYs 116

l 7 I, 4 l 14 r

© ea&lecﬁ%:a ; connect thr%h]éh RDLs 1225O o contact padlsrlg%nalm? elecirical
pressompomertts withim activer stirface 1:08. Conductive TOVstiGetend frope OSP

coatQRg Sideofthe  paripheral regjon, of, semicondygtar die 102 tothe opposite .
sidé of the device. Conductive TOVs 116 provide electrically interconnection
hydripahe Zogirsctiohevisen Stackingssemicondiicof Wi 9 FIGL 9y &vo BracRalslens a

uni £SEMICORGUEton dig, 102, withs gonductive TQMs éﬂ;e’@éﬁlﬁb@‘é’@l@”f’fﬂ 1s the

mounting. Many metals used in conductive TOVSs, such as Cu, readily
undegyifizeI TR Chi Gxide retiiceBatResion stiahmth 8nd Yicréasey/catast than

one fesiaiarce, befweenbanded TOVs, particutarhyingheresenee ghhigh the

temperature and high pressure during die stacking. To reduce oxidation, an
OPer ighhit %Her%%ﬁﬂgb%éeﬁ%%d(@wm@”ﬂ@gl iLEHHIR orf ugpérand - ° -
lower contact sufaces ok FQVsib. cHhe QSP saating: k48 alselimproves

adhesion and reduces contact o
benzotriazole, rosin, rosin esters, or benzimidazole compounds,

as described in US patent 5173130 and incorporated herein by
reference. A typical benzimidazole compound may have an alkyl
group of at least three carbon atoms at the 2-position dissolved
in an organic acid. When the bare copper surface is immersed in
OSP solution, the benzimidazole compound in an organic acid is
converted to a copper complex. The copper complex reacts with
the bare copper surface and forms a layer of benzimidazole and
copper complex. By incorporating copper ions in the aqueous
solution of the benzimidazole and acid, the reaction rate is
enhanced.

Alternatively, the OSP coating can also be made with
phenylimidazole or other imidazole compounds including 2-
arylimidazole as the active ingredient, as described in US
patent 5560785 and incorporated herein by reference. In any
case, the OSP coating 148 is made about 0.35 pm in thickness.
The OSP coating 148 selectively protects the bare copper from
oxidation, which if allowed to form could interfere with the

solderability of the core surfaces.
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resistance between bonded TOVs 116. In one embodiment, the OSP coating
148 is formed by a -22 series of processing steps including acidic cleaning of
the underlying Cu layer, water rinse, micro-etch, water rinse, acid clean,
water rinse, air knife, apply OSP, air knife, low pressure water rinse, and
drying to expel moisture from the OSP coating and stabilize the materials.

The micrgtch anise.a hydroden-peroxide. sufuric acid The Cumetal . ..
layer maintains a uniform and continuous O coating which complete yﬁﬁs

withthel urdédying surate vEHein®ersior timedis tyicalhsless than loneaminuites
at mperature range of 40- The pH_of the qperatj SP_solution

152, 3L IRIPEIGINE. 1N 9 P3h,gelytion 1,
S b ARG bee4 3 and & ThE GLB shigton ey cofain ™

e lecalkylimibdazolep drerrrotriarole) rosias tosie esterd, aordrenkiidaZole

semiCYRRAUADS, as desgribediin 3 patent 5143130 andincarporated heteip by, 5

reference. A typical benzimidazole compound may have an alkyl group of at
106, |eBBLthrée darboncateaizatahé vepdsition disselved in an organic acid.

When the hare cgppersface isimmersed in Q3R solution, the, nquctor die

benzimidazole compound in an organic acid is converted to a copper
102 worhplexuTheRbppertomplexiedcts With th& bafe Eappersurfatetdhd forms-

each@aver of henzinyidazole and: geppeRcomplgx By NCOrRorating CopRersions or
in the aqggous solution of the benzimidazole and acid, the reaction rate is

the I¥anceth AlBRTVERT e OSP. Coating &ifalsdbeimade ity wide to

accoRhgydimidazele gr otherimidazele eempoyads including g apdimjdazole agtn .
the active ingredient, as described in US patent 5560785 and incorporated
OSP ﬁ&&%%ﬁ?ré%ﬁyﬁ%.ﬂ?ﬁﬁﬁed to the upper and lower contact

surfaces of conductive TOVs 116 to reduce oxidation, improve
adhesion, and lower contact resistance. Conductive TOVs 116
electrically connect through RDLs 122 to contact pads 106 and
electrical components within active surface 108. Conductive
TOVs 116 extend from one side of the peripheral region of
semiconductor die 102 to the opposite side of the device.
Conductive TOVs 116 provide electrically interconnection in the
z—direction when stacking semiconductor die.

FIG. 11 shows another embodiment of semiconductor die
102 with TOVs 116 having varying width, i.e., each with the
topside of the TOV larger than the bottom-side of the TOV. OSP
coating 148 is applied to the upper and lower contact surfaces
of conductive TOVs 116 to reduce oxidation, improve adhesion,
and lower contact resistance. Conductive TOVs 116 electrically
connect through RDLs 122 to contact pads 106 and electrical
components within active surface 108. Conductive TOVs 116
extend above one surface of organic material 110 in the

peripheral region of semiconductor die 102 and further extend
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case, the OSP coating 148 is made about 0.35 pm in thickness. The OSP
coating 148 selectively protects the bare copper from oxidation, which if
allowed to form could interfere with the solderability of the core surfaces. -23
The OSP coated conductive TOVs 116 are bonded together with flux 150 to
activate OSP coating 148, as shown by arrows 152, under temperature

4000C) and pressure 4 00 mbar). The electrical compo SWIthI active
belog’uroe?ces f(%jpo iemlcu(()nﬁjc?or? 102 e?eccfrlcaal% conarfl%gﬁr:roug ggntact
per ipads dD6r RDLsn1.22, End @ﬂ&mﬁu@ﬁ@\@ll@ﬁ@@ﬂ@x@ﬂ@/&ndhér above

dime tofs duc r die /102 ith multj le.rows ofTO
and glvjt'l)r%g \%&ﬁa \%Vldnﬁ%%% ega%:hqv‘él?h fhe topélgde(%% g ;I'oon\ﬂ‘arger ﬁ1an tf11e
spachottosside of: tiye FRE T heeperiphetaloregiordisenadé sofficiehtlysvidevs 116

proviehd ’%’?89@&%@&1@ yltiple-rows of E@(% J16;having varying width., 0SB, . ,

coating 148 is applied to the upper and lower contact surfaces of conductive
stackOvg Br8ttbaeddes bRidation -improve adhesion, and lower contact

resistangey Conduclive TOVs 116 slectrically; connect through RDIS, 12210 5 o

contact pads 106 and electrical components within active surface 108.
102 gwéhaucives TOVs 1eF exenddrom Bhe'sidé bf the- Seriptetairegioniof-he

t ops3emicondugtor @'@Jl(i%%&e Wit‘ék?éd%@fct@@nﬂ%’i% GenductiveolOVsosp
116 provide electrically interconnection in the z-direction when stacking
coatdgppicbhiuctor drP FI&T1EhbiR aHdter éMBodifiEit of SBicondtidtor e s

of ct@awithikQVsdids having varyinguwisth, i ea-eachnhwith ihe dopsideof then,
TOV larger than the bottom-side of the TOV. OSP coating 148 is applied to

and ﬁﬁ?ﬁﬁbéﬁﬁﬁBQS%eFEﬁﬁéﬁﬁgﬁﬁhce Conductive TOVs 116 electrically

connect through RDLs 122 to contact pads 106 and electrical
components within active surface 108. The bottom-side of
conductive TOVs 116 is recessed in organic material 110 with
respect to a back surface of semiconductor die 102. Conductive
TOVs 116 provide electrically interconnection in the z-direction
when stacking semiconductor die.

In FIG. 13, semiconductor die 102 is shown with TOVs
116 having varying width, i.e., each with the topside of the TOV
larger than the bottom-side of the TOV. OSP coating 148 is
applied to the upper and lower contact surfaces of conductive
TOVs 116 to reduce oxidation, improve adhesion, and lower
contact resistance. Conductive TOVs 116 electrically connect
through RDLs 122 to contact pads 106 and electrical components
within active surface 108. Conductive TOVs 116 extend from one
side of the peripheral region of semiconductor die 102 to the
opposite side of the device.

Semiconductor die 102 further includes through silicon

vias (TSV) 154 which electrically connect to contact pads 106
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of conductive TOVs 116 to reduce oxidation, improve adhesion, and lower
contact resistance. Conductive TOVs 116 electrically connect through RDLs
122 to contact pads 106 and electrical components within active surface
108. Conductive TOVs 116 extend above one surface of organic material
110 in the peripheral region of semiconductor die 102 and further extend -24

below the opposite surface of organic material 110 in the peripheral region
and e S iE e SO R0t an U chobic raaal
can b0 providel abditionalhviertical rspacirg betwicehi stackedh sermnicomdabtor lnée.
s115E8Nduste TQVSAO-piavide elecyically yuercappection in thez-giagtion s
when stacking semiconductor die. FIG. 12 shows another embodiment of
Al, Semiconduttor dier 102awitlpTOMShELG havingvaeying aidthiice.l ésch with

con dg&gt ques i q[?a?fe'ihf aEOM Aﬁrrg& r é%g\?atﬁqm 'S.édlee%ttmg l-E/QY 'CO§

_ P £0ating
8 is applied to the upper and lower contact surfaces of conductive TOVs

elec]}f@ﬂ@ﬁe@lmééd'xid’alion? ﬁﬁﬁ@eﬁﬁi@%ﬁdﬁgraﬁﬂfléwe?lﬁ:oﬁfdmf?eﬁsltéhé@.le
met a&0RdYCHve TQYs 116 £lectrically, coppectibroughRbLs 12210, confacipads.

106 and electrical components within active surface 108. The bottom-side of
sidecerduttive TONVS 216 Ts FecRsséd it orgalnfc mialstial 120WitHe redpédito a

deviback surface efisepaicongucton die 2. fzapductive JTQVS dd64ravide: ca11y
, electrically interconnection in the z-direction when stacking semiconductor
IntegigOTH R 113! sehiEoductordie 10298 sHBRM Wil FOVRTI 136 havitiguctor
die .varying width, i.e., each with the topside of the TOV larger than the

bottom-side of the TOV. OSP coating 148 is_applied to the upper and lower
umuact§JH§%B§of%%ndﬁ&ﬂk?ondUCtor die 102 is shown with TOVs

116 having varying width, i.e., each with the topside of the TOV
larger than the bottom-side of the TOV. OSP coating 148 is
applied to the upper and lower contact surfaces of conductive
TOVs 116 to reduce oxidation, improve adhesion, and lower
contact resistance. Semiconductor die 102 further includes
backside RDL 158. RDL 158 can Al, Cu, Sn, Ni, Au, Ag, or other
suitable electrically conductive material formed by evaporation,
electrolytic plating, electroless plating, screen printing, PVD,
or other suitable metal deposition process. Conductive TOVs 116
electrically connect through RDLs 122 and 158 to contact pads
106 and electrical components within active surface 108.
Conductive TOVs 116 extend from one side of the peripheral
region of semiconductor die 102 to the opposite side of the
device. Conductive TOVs 116 provide electrically
interconnection in the z-direction when stacking semiconductor
die.

In FIG. 15, semiconductor die 102 is shown with TOVs

having varying width, i.e., each with the topside of the TOV
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TOVs 116 to reduce oxidation, improve adhesion, and lower contact
resistance. Conductive TOVs 116 electrically connect through RDLs 122 to
contact pads 106 and electrical components within active surface 108.
Conductive TOVs 116 extend from one side of the peripheral region of
semiconductor die 102 to the opposite side of the device. Semiconductor die
102 further includes through silicon vias ( ) 154 which. electrically connect
largteorco%g& pta%% %)Ogt %Sg] a% %?e&%ca%c%ngé\%ené Wit ?ﬁlasctﬁ/%sseu’rface 108.
condTi§Vsib4l gar belfofmed byetiching of laserwpillingd/iasthroegh thss silicenand
114, 2ga.0hsgmiconducir dig 402, Theaias are flisd it Al Cuy 58 Ny A A1
or other suitablé electrlcaﬁly conductive material U Ing evaporation,
filleléctrolytic ptatimg] electtclessplating,-scréeér printing,RVD46r otheaspitalsié to
tne [5ial depositiop process, Condugtive- TSYs 154 extend fiom.aneside pko
semiconductor die 102 to the opposite side of the device. Conductive TOVs
redutes aid T8V D54 prvide eleztivaly cinteredindctiontin e 2 afifection
res1WPgn stacking semiconductos, dieq igFIG. 14, semiconductar die. 10248 o, gn
shown with TOVs 116 having varying width, i.e., each with the topside of the
RDLsTOYZ |drgefthancthe Botom-side citHe TOAE \OSPETbatifgaABSs tapplicttdn

act ithe upper and lewer contastisiifaces afcpndugtive JQVYs 126 4a redlceside of
oxidation, improve adhesion, and lower contact resistance. Semiconductor

the gRIigPferther ifeflidds BAcKSHE RDIGESERDE 158! AP CUl S NG OAS
sideAgrorotber syitable eleetrigalht corductive materighiormed hy evaperation,
, electrolytic plating, electroless plating, screen printing, PVD, ,
interconnéctlion In the z-direction when stacking semiconductor
die.

While one or more embodiments of the present invention
have been illustrated in detail, the skilled artisan will
appreciate that modifications and adaptations to those

embodiments may be made without departing from the scope of the

present invention as set forth in the following claims.
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or other suitable metal deposition process. Conductive TOVs 116 electrically
connect through RDLs 122 and 158 to contact pads 106 and electrical
components within active surface 108. Conductive TOVs 116 extend from
one side of the peripheral region of semiconductor die 102 to the opposite
side of the device. Conductive TOVs 116 provide electrically interconnection
in the z-direction when stacking se 'iconductor die. In FIG. 15,
semiconductor die 102 is shown with TOVs having varying width, i.e., each
with the topside of the TOV -26 larger than the bottom-side of the TOV. In
this case, . conductive layer 160 is conformally applied to openings 112 and
Whatllléf, saéesleal%lg&eryé. The remaining area of openings 112 and 114 is filled with
organic material 110. OSP coating 148 is applied to the upper and lower

1. centactsitaces of conauctiveIQYs 160 1o, B%dl{f&ﬂ%%aﬁo@o%‘?@é{%ﬁ;

adhespn, Iand lower contact resistance. Conductive TOVs 160 electrica
cHTECt trotigh RPNBAY21Y contact Pads 106 and electrical components

within, active surface 108 Gonguctive TQYs 160 extendromane side of the
peripheral region of semiconductor die 102 to the opposite side of the
tempgedisy. Corductive TS 360 Prévidé ersdtrddl SihtercdmIection in the

z-girgstian Wwhen stacking, semicondygtor dig; Wihileione Qemof@ e ra1 region;
embodiments of the present invention have been illustrated in detail, the
sKifetPErtisan Wit dpiteeiate that Afddifidations and adaptations to those

embadimenys may: be Mada-witheutdeparing om tieiscopeLafdhe pregentcne

perig%ggg%q?Zgﬁggwgyn%giéygw¥qgggﬂggéning having a first depth;

removing a second portion of the insulating material of the
peripheral region over the first opening to form a second
opening to a second depth less than the first depth, the first
and second openings constitute a composite through organic via
(TOV) having a first width in a vertical region of the first
opening and a second width in a vertical region of the second
opening, the second width being different from the first width;

depositing a conductive material in the composite TOV to
form a conductive TOV;

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

singulating the semiconductor wafer through the peripheral

region to separate the semiconductor die.

2. The method of claim 1, further including:
stacking a plurality of semiconductor die; and
electrically connecting the semiconductor die through the

conductive TOV.

—-28—



-27 Claims What is claimed: 1. A method of making a semiconductor device,
comprising: providing a temporary carrier; mounting a plurality of
semiconductor die over the temporary carrier separated by a peripheral
region; depositing an insulating material in the peripheral region; removing
the temporary carrier; removing a first portion of the insulating material of the
peripheral region to form a first opening having a first depth; removing a
second portion of the insulating material of the peripheral region over the first
3. opéning¢d forth asecdnad npéninguo Ehsecondadepth fessitham the fiest depth,

the.first apd secon ings constitute osite through organic.via

luraf PPENINY 0 9N Qrga

P ur(?r 6\J9)yh§£n§ ?ﬁ“%stg wid?h in ag (\D/Ié(rﬁt]ll'%:%% rlgggllon (g}]}? elf?rstIEI oe|oenPnSggar?l a -

mategggohd width in a vertical region of the second opening, the second width
being different from the first width; depositing a conductive material in the

composite TOV to form a conductive TOV; forming a conductive layer
4. pétreanthbxdndictiieeTOVIandracesntactyerl ofthéwepiigendiitiordieends

abovand singylating the semiconductorwafer through the peripheral region to

separate the semiconductor die. 2. The method of claim 1, further including:
stacking a plurality of semiconductor die; and electrically connecting the

5. semiconduglon disrthraughithe, conductive TQY. Z8hductive TOV is

recessed in the peripheral region.

6. The method of claim 1, further including forming an organic
solderability preservative (OSP) coating over a contact surface

of the conductive TOV.

7. The method of claim 1, wherein the conductive material is

conformally applied to the composite TOV.

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

providing a plurality of semiconductor die separated by a
peripheral region;

depositing an insulating material in the peripheral region;

forming a first opening in the insulating material of the
peripheral region to a first depth;

forming a second opening in the insulating material of the
peripheral region over the first opening to a second depth less
than the first depth, the first and second openings constitute a
composite through organic via (TOV) having a first width in a

vertical region of the first opening and a second width in a
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3. The method of claim 1, further including forming a plurality of rows of the
conductive TOVs in the insulating material. 4. The method of claim 1,
wherein the conductive TOV extends above and below the insulating
material. 5. The method of claim 1, wherein the conductive TOV is recessed
in the peripheral region 6. The method of claim 1, further including forming
vertdl oEganlc solder b preservative OSPr} coafi g over a cgntacé erf%ce of
fhe conductive T erhe method ot claim 1 W &rein the conductive nd
dif frmaterial f&@ontdrmaﬂymph@ddﬂctme composite TOV. 8. A method of making

a ggmé%olntd (%r dev(gce cgpprm% d rjg\ln(,gingla ptlﬁr’éihtc)[( 0 segnlgon A
die eparate ya perlpﬁera region; depositing an insu anr?g material in t he
formperipherdluegiors foPMingafirst opening in the insulating material of the

peripher ﬁ'?'eg'%'%?s% first depily. forming a.seqod, gpening, in t@Sd'&%@%ﬂ% TOV

material of the peripheral region over the first opening to a second depth less

and thapahé fiedt depth,ahe fikst airinseconduspeningsi€onstitute a composite

through organic via (TOV) having a first width in a vertical region of the first

opening and a second width in a -29 vertical region of the second opening,
9. thehsecontvidtbeifig 2diffefent front fiRE firsk fddtA 1@&positing a conductive

material i%?%C%BQ%EH%TE?V oo forpmacapductive TOY; and forming a first
conductive layer between the conductive TOV
electrlcally connecting the semiconductor die through the

conductive TOV.

10. The method of claim 8, further including forming a second
conductive layer over a backside of the semiconductor die
opposite the contact pad, the second conductive layer being

electrically connected to the conductive TOV.

11. The method of claim 8, further including forming a through
silicon via in an active area of the semiconductor die, the
through silicon via being electrically connected to the

conductive TOV.
12. The method of claim 8, further including forming an organic
solderability preservative (OSP) coating over a contact surface

of the conductive TOV.

13. The method of claim 8, wherein the conductive material is

conformally applied to the composite TOV.

14. A method of making a semiconductor device, comprising:
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and a contact pad of the semiconductor die. 9. The method of claim 8, further
including: stacking a plurality of semiconductor die; and electrically
connecting the semiconductor die through the conductive TOV. 10. The
method of claim 8, further including forming a second conductive layer over
a backside of the semiconductor die opposite the contact pad, the second

conductl ela er being electrically connected to the conductlve TOV 11. The
n%%ﬁodl g/ tiuaﬁei |‘r:1C %/ ?ormlng adtﬁr(?ug% Si |con a ih an éctb\?]e
insua@aiquthEHm@ilduxmmleemepﬁE@agh siigdevia being electrically

to the. conductiv TOV emeth f claim 8, furth
Ié¥%dﬁ (é El % % E b%n% 1nsd¥%9 % terl§¥ of the

ormlng an org n|c so dera y preservative SP% coating over a
perl@@’ﬁa@tlsmfmeoof the conductite JENLM3. The method of claim 8, wherein

the gondugtive mateiia) 15 cqnformally %F%Pé'e%gm%gqmg%g% IOV A4 A the

method of making a semiconductor device, comprising: -30 providing a
per igiurdlity: of Semivonduetor dieesdparatedipean Nigistiating eaeridl iggpth less

t hanP&fRheral1egion: JRMing @dirst opening in Q@c‘é‘ﬁH‘aHBgm%FSQ%%HE%1tute a

peripheral region to a first depth; forming a second opening in'the insulating
compaidrial bR B Peripherdl +egith dvEr the) first8pening t& arsetdad Hepii esand

t'@@ﬁ%ﬂ@rﬂfp&h éBﬁcﬁh%t@iﬂ%Sm&%?ﬁiﬁ% constityg s, SOMPOSHY o
through organic via (TOV) having a varying width; and depositing a
formedndifetive Matéfallidthe composite TOV to

15. The method of claim 14, further including forming a
conductive layer between the conductive TOV and a contact pad of

the semiconductor die.

16. The method of claim 14, further including forming a
conductive layer over a backside of the semiconductor die
opposite the contact pad, the second conductive layer being

electrically connected to the conductive TOV.

17. The method of claim 14, further including forming a through
silicon via in an active area of the semiconductor die, the
through silicon via being electrically connected to the

conductive TOV.
18. The method of claim 14, further including forming an

organic solderability preservative (OSP) coating over a contact

surface of the conductive TOV.
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form a conductive TOV. 15. The method of claim 14, further including forming
a conductive layer between the conductive TOV and a contact pad of the
semiconductor die. 16. The method of claim 14, further including forming a
conductive layer over a backside of the semiconductor die opposite the
contact pad, the second conductive layer being electrically connected to the

19, Cpuctive TOV.17. Jhe methpd of claim 14, uttnet ing

23101 g L”c‘(ijéq%form%%?i 1 is
through silicon via in"an active area of the semiconductor die, the ?hrougﬁ
confsiticen Via baipg eettricallyltennected 1o the Tonductive TOV. 18. The
method of claim 14, further including forming an organic solderability
preservative (OSP) coating over a contact surface of the conductive TOV.

20. -3A E@Hﬁr@mmd‘cb@f claivi a4, wher@mﬂﬁeic@nducti\_/e material is _
canformally applied 1o the compositg TOY,20. A semicanductar device. s 1 ng

comprising: a semiconductor die having a peripheral region containing
insuipglafitigitadteriak hiconductive through organic via (TOV) formed vertically

in, a peripheral regien af the sepicanductor die,1Re corductive TQV: hawing,, 1
a first width in a first vertical region and a second width in a second vertical

a PefelidittRe fitkstWigth 1ding aifféfeht fronttHe st Width; afPadipstductive TOV
havi&RNduchye layey formed Retween the canduetive TOM; aod & sentactpad ah
the semiconductor die. 21. The semiconductor device of claim 20, further
widt%CR@"ﬁJéecond vertical region, the first width being
different from the first width; and
a first conductive layer formed between the conductive TOV

and a contact pad of the semiconductor die.

21. The semiconductor device of claim 20, further including a
second conductive layer formed over a backside of the
semiconductor die opposite the contact pad, the second
conductive layer being electrically connected to the conductive

TOV.

22. The semiconductor device of claim 20, further including a
through silicon via formed in an active area of the
semiconductor die, the through silicon via being electrically

connected to the conductive TOV.
23. The semiconductor device of claim 20, further including an

organic solderability preservative (OSP) coating formed over a

contact surface of the conductive TOV.
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24.

second conductive layer formed over a backside of the semiconductor die
opposite the contact pad, the second conductive layer being electrically
connected to the conductive TOV. 22. The semiconductor device of claim

20, further including a through silicon via formed in an active area of the
semiconductor die, the through silicon via being electrically connected to the
cc}qldeucgivlren .TOV.OgB. The %{emicondu%lor evice 6clami]m 20, further i'fc'ugii;'?ty

an orgaﬁlclsco?&erléﬁitﬁ?yrprees\érlvca?ivg OSPj coafing foPad over a fContac

of reswrfacefoftthe conddotivel TOVI 032 24 rEheé semichnductdral eviceudfadlaing

materila

20 \gherein a plurality of rows of the conductive TOVs are formed in the
insulating material. -33
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