METHOD OF MAKING A SEMICONDUCTOR DIE HAVING CONDUCTIVE THROUGH ORGANIC VIAS
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 region of the die. Background of the Invention Semiconductor devices are commonly
found in modern electronic products. Semiconductor devices vary in the number and density of electrical
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light emitting nsistor, resistor tor, and power mef emiconductor
field effect tran5|stor (MOSFET). Integrated semicon uctor evices 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 (DMDSs).
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 region of the die.
Background of the Invention

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

Semiconductor devices perform a wide range of
functions such as high-speed calculations, transmitting and
receiving electromagnetic signals, controlling electronic
devices, transforming sunlight to electricity, and creating
visual projections for television displays. Semiconductor
devices are found in the fields of entertainment,

communications, power generation, networks, computers, and



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

industrial controllers, and ﬁicce equipment. Semiconductor devic§s exgloit tge electrical
. cor}gsumer r][O&O UCtS,. . eHH_]COI%dUCtOI ev1cfes are 8 SO Oltln 1n| . .
properties of semiconductor materials. The atomic structure of semiconductor material allows its electrical
conductiwatystotheomaniputated bythé mpplicdtion ofidn ekectric field at trough theprocess of doping.
Doping I_nltrrl%gusc]% iiggygg%%%g E@erggmgcggdgg@{ &atgri%lit H(g%r%ipulgte and contr_ol the co_nductivity of
the semiconductor device. A sémiconductor devicé contains active and passive electrical
structures. Active structerescimctudirigptransistors, cortiol thetflove of eleetrical cadrent. By varying levels

of doping and. apelication of a0y eleciia el the, ransistor either promates o restigis e dloygof electrical

current. Passive structures, including resistors, diodes, and Inductors, create a relationship between
voltage apecur@ni netessary (6 pedorm alviariety bfeletgichlr fubrlionSTheChassiiey aii@ akfive

SFVUCtUreﬁéﬁ%ﬁ@f&%@zﬂy%”%@egﬁg farm cirgyits, which enable.the semigondyctqnfeyiea to perform
highspeed calculations and other useful functions.
the process of doping. Doping introduces impurities into the
semiconductor material to manipulate and control the
conductivity of the semiconductor device.

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

Semiconductor devices are generally manufactured using
two complex manufacturing processes, i.e., front-end
manufacturing, and back-end manufacturing, each involving
potentially hundreds of steps. Front-end manufacturing involves
the formation of a plurality of die on the surface of a
semiconductor wafer. Each die is typically identical and
contains circuits formed by electrically connecting active and
passive components. Back-end manufacturing involves singulating

individual die from the finished wafer and packaging the die to



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 packagin\g.tge dig to Cptrg\éigi structuraltsuannoﬁ?rte %r\\]dl environrg% tallisohation. One goal of
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semlconé)uc?or manu acltlurlng IS 10 pr&?uce smailler semlcona]ucr}or evices. maﬁer devices typlcally

consume less power, lave highér perferanancendnd tan besprofacedmore efficientlyotmdddition, smaller
semicon%égrﬁ%ervi%ce?sgq%\éeng g&%lllgr épeo\;%ré'gté yvhi@rtéiigl%esirraglgvfg% g@aélie/é?g%ﬂgioducts. A smaller die

size may be achieved by improvements in the front-end process resulting in gmaller, higher
density activesang passive ongionents’ Bdckadmt proecesseymayaesaltih semicoaductoddevide

packages,with a.smallar foptprint by improvements in glecirical intercoppection and packaging materials.

The vertical electrical interconinection between stacked semiconductor packages can be accomplished
with condietife ehrongh silicohBaP RSN orthisUghiBoldssds €M), Thie TBHNS bee typichlly made with

copper apd formedsin organicmaterials;in apetipheral fegion-around the deyige, When.intercopnecting
stacked semiconductor die, the small size of the THV makes it difficult to properly align the THV with its

mating stiff&cet Tapropet AligARENT tal TaUSE Haviceteleéds "MaRufdkiurefs oftér 85€high-precision
bonding eQHBTER 10-adhjeve.Adegale eldcbnk et equPmepkads sigpifiaatmaguiagiuring cost o
a

the product. In addition, the copper-filled THV can oxidize which reduces adhesion strength and increases
contact ré§istahte Henv&&H BBREEE vids, Parfittfarkdh e bresehed ot highftehTgeraRite BhdHigh

pressuregpring ie stagkinds in electrical interconnection and packaging
materials.

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.



Summary of the Invention 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 peripheral region, removing the temporary carrier, removing a first portion of the insulating
material of the peripheral region to fogn afirst o %niggehai/ Q’g?aéirst depth, and removing a second

i
portion of the insulating material of theu[%r}?p%ra region over the Tirst 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) haviﬂgrgf'r t width in a vert'% regio o{ he firg P ing and a second width in a
vertical region of the secon%éc(?peen}%g.t%hetgecéon%cstv%dﬁr%?s iﬁe%en%%ro%r:w&%ee#%t width. The method
further inckeides thel stepsrofdiepositingeecorriuctive materialdh the composite FOW ta/forama conductive

TOV, forming aandusiivedayenhetyeen he condustive TOY.and g.contast padiot the,sericonductor

die, and singulating the semiconductor wafer through the peripheral region to separate the semiconductor
die. s e Erothertembediierr, therpresentiigvéntnss ermetiodafaiiakihg @ semiconductor device

comprising.fhe-steps of praviding a:piurality,of serpicopdygtor dieseparated by .a psripheral region,

depositing an insulating material in the peripheral region, forming a first opening in the insulating material

of the pefifiiéral RIS IR a Tirst e, it foPPi Ry alsetoRd chenfigtintthednsdigiig material of the

peripheral segion ovgy the,first 0pgRIpg.te amacopd depth lessdhan the fiest depth. dhe first and second
openings constitute a composite TOV having a first width in a vertical region of the firs%ening and a

second WiGtRIH SertiEsl re§IBMBTaRe seednd Bpenihg™THe S8cénd Width i& aiffelert fiom thé first width.
The methadsfurther ingludesdthe stepsrof-depasiting-a sonductiveimaterial insthe conrnasite TOV to form a

conductive TOV, and forming a first conductive layer between the conductive TOV and a contact pad of

thesenﬂ&ﬁﬁﬁkﬂﬁ(ﬂéylng a first depth, ‘and 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 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



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 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 varyingawigé%o'lhhge rgeého.d furtlhgr J'Cr}%udiensstg asé%% of %e%%siitingla ggnchtiveerpat%riearléqthe composite
TOV to férn a conduclive TOV. In another en‘ﬁ)od?mentl,?he presen?in%enﬁgn IS a semiconductor

device comprising asemicbrdudtosdiedravirigng pevipherat cegion dontdinihg sesulating tiaterial. A
conductivte.T Vis f rnpled % rticgll)éi a gr'ph ral reqi f the semiconductor die, The conductive TOV
has a first %vru%ﬁ ir(? %%f}:rst’vé:r%gal régisg%l agn a%%c%ﬁ wu%t%}r% %gssecgﬁgs\/%%&c%ﬁge&on. The first width is
different fromicthe ffirst Width. b first goad dctivetiayerds formed betvdercthe corguetive TOMand a contact

pad of the semicondugctor die.. Brief Description attheDrawings . ; ..y EIG-Jhillystrates a printed
circuit board (PCB) with different types of packages mounted to its surface; FIGs. 2a-2c illustrate
further detait of thecieprésehtativeSerdconddcior patkdges mbhntedntd the PCBhe first

width. The method further includes the steps of depositing a
conductive material in the composite TOV to form a conductive
TOV, and forming a first conductive layer between the conductive
TOV and a contact pad of 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 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.



FIGs. 3a-3f illustrate a process of forming through organic vias (I0V) 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; FIG. 5 illustrates two stacked semiconductor die
with 10Vs having varying width formed in the peripheral region of the die; FIG. 6 illustrates
another embodiment of the semiconductor die with 10Vs having varying width formed in the peripheral
region of the die; FIG. 7 illustrates two stacked semiconductor die with 10Vs having varying width
from FIG. 6; FIG. 8 is a top view of the semiconductor die with I0Vs having varying width formed
in the peripheral region of the @eief 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;

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;

FIG. 7 illustrates two stacked semiconductor die with
TOVs having varying width from FIG. 6;

FIG. 8 is a top view of the semiconductor die with
TOVs having varying width formed in the peripheral region of the
die;

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



FIG. 9 illustrates two stackable semiconductor die with I0Vs having varying width and an OSP coating;
FIG. 10 illustrates the semiconductor die with multiple rows of 10Vs having varying width formed in the
peripheral region of the die; FIG. 11 illustrates the semiconductor die with I0Vs having varying
width extending above and below the organic material formed in the peripheral region of the die;
FIG. 12 illustrates the semiconductor die with TOVs having varying width recessed in the organic
materlal;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 varying width and backside RDLs; and

FIG. 15 illustrates the semiconductor die with
conformally applied TOVs having varying width formed in the

peripheral region of the 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. FEach die on the wafer contains active and
passive electrical components, which are electrically connected

to form functional electrical circuits. Active electrical



FIG. 13 illustrates the semiconductor die with TOVs having varying width and through silicon vias;

FIG. 14 illustrates the semiconductor die with TOVs having varying width and backside RDLs; and

FIG. 15 illustrates the semiconductor die with conformally applied TOVs having varying width formed in
the peripheral region of the 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 numergls represent the{1 same ortsirgil%rieslggnresnts.lythe %%eeing%nitioncis eoscgbegri% Rer%seof the
best modeTor achieving the invention's &Jjectlves, it wiff be apprematedlbyythose skilled in the ‘art that it is
intended fd coverfalterratives; alodifications,. and equivalentsl as mayche. includedhwithia the spirit and

scope of e inygniion as asfingd by the appendsd plais andJhelr squpalsis s suppared by the
following disclosure and dsrawmgs. Semiconductor devices are generaﬁy manufactured using two
complex nramufactodhg processesnfromermbmannfactwingeand bacleeadryarufacteringrFront-end

manufac@{igggg\iog\é% @lerfg.ﬁrp@ti%%%@ﬂgg@[ity of die on the surface of a semiconductor wafer. Each

die on the wafer contains active and passive electrical components, which are electrically connected to
form functional electricBREifduUiS. Attivé Elettifcafomponents are formed over the

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

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

The layers can be patterned using photolithography,

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



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 formed over the surface of the semiconductor wafer by a series of process steps
including doping, deposition, photolithography, etching, and planarization. Doping introduces impurities
into the semiconductor. material by techniques such as ion implantation or thermal diffusion. The dopin
process r‘%}?& ies the %Féctr?ga?%oﬁaﬁcﬁvﬁ%%? s%e%%oencﬁj%%gér)ﬁgt%%al inzga&fa\?(%%erv?cels,stransforming tr?e
semiconductorsmaterad info enrpermeEnendimssikatorn penmapent-corguctar, oschandingltie. semiconductor

material gonductip I esponse (9. an elgelis fied, Transistors, soniain gaipns of yaning ypes and
degrees of doping arranged as necessary to enable the transistor to promote or restrict the flow of
electricaltment dpon they applicationrof ancelectsicfigldor t 1 onActive tamel passirelsomponents are

formed by layers pf materials with different glectrical properties. the layars ¢an be farmed by a variety of

deposition techniques determined in part by the type of material being deposited. For example, thin film
depositiohgfiay ffvolvecehemigaledpordepasiioh{CVDY, physital vapbF depasition {PvD3&lectrolytic

plating, apg electrpless plafing processes Each laver is generally pattgrngddo form portions of active

components, passive components, or electrical connections between components. The layers
can be patéiREd Using plRotblithogFashy, WhicHindsIvestHE depdsifio® BEgitsensitive material, e.g.,

photoresist Qyel the layer ta,be pattened, & patternds i égﬁ@éreéiuf@?{n Fsphatemask fa the phgtoresist
using light. The portion of the photoresist pattern subjected to light is removed using a solvent, exposing

portions 6ftRe rfderiing IBy&rtde patterned. The remainder of the photoresist is removed, leaving

behind a patterned layee Adternativelys somentypesof s1atedals.arg paiemedsby dicgctly;depositing the
material into the areas or voids formed by a previous deposition/etch process using techniques such as
echde&?éﬁ?@%cﬁ%ﬂﬂ%ﬁmﬁ .ate the underlying pattern and create a non-

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

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

to a package substrate that includes pins or contact pads for



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 wgferi%%rienrgcg%lgsehéntgi Jhewcqcrgbigg en%ecshan%ceal}rll _agg(r)nn o%‘1 ghﬁtaprasg/enacnadc%or{j%%ve action of the
chemical removes any wregﬁlar f‘opograp Y, regtﬁtmg ina ﬁﬁormly%lat surtacé. ack-end
manufacttwingadfers ¢or ctitting Tersinguiatingtthe fihishedrwaterémodhe irdividdaltdie @amdtthen packaging
the die far structur lhsu port and Qvironmenit Lis ? ion. T s'in ulate t die, the I@f r isrg red and
broken aé%ggno%%%néﬁor%ereg%%sacﬁ?ﬁe wa?eer cga ég %%%vggtregecté or %%ﬁﬁgsﬂ SI'hceg‘vwa%aer is éi%aulated
using a laserlcuttingdavicaiopsaw piade. After singutatibrg the inddddtial die arermotintedito-a package

substrate,(hat includes pins of, contat pagls fo intereennection with ofher system camponants. Contact

pads formed over the semiconductor die are then connected to contact pads within the package. The
electricaltophestoriscay be adeoWith sofder Dupmss; st Bumps Céanidirctivé pasest bpwirebonds. An

encapsulaptor-qther, moldipg majgualis deposited ouer the nackaas o pravide physical syppert and

electrical isolation. The finished package is then inserted into an electrical system and the functionality of
the semicBtitluetst deviceisthade avaitdblé fe theeathePBgstefréorfipaiRérs s mader|G. 1 illustrates

electronic dgvicg 10Naving achin earrer substrate arpsinted circuit board (PCB) 12 with a plurality of
semiconductor packages mounted on its surface. Electronic device 10 may have one type of

semiconductor packagel 6r mbiltipld BiesadtsenficGiductor padk@yes Sddperithing BA the appRcation. The

different types of semigonduster packages arrishawiin FlGok for puspeses of lustration.
Electronic device 10 m%(abe a stand-alone system that uses the semiconductor packages to perform an

electricalfuHEtoN: WiehtatR/el: eritdidniCdevieé 189y BeH Sitstoniboneht Fa targer system. For
example melectrerie devigelil-may hena graphies eard, nepeork intedace sard ©f Othes=signaldrocessing
card that can be inserted into a computer. The semiconductoré)ackage can include microprocessors,

memorie§ apPlithtis SpediRE hiedrated SrEiEASIE s 163Gic ¢t uits Fralsy Sifc its, REircuits,
discrete dexiges; of dther semmieonducierdietorelecidcalcomponentsiuct or 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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In FIG. 1, PCB 12 provides a general substrate for structural support and electrical interconnect of the
semiconductor packages mounted on the PCB. Conductive signal traces 14 are formed over a surface or
within layers of PCB 12 using evaporation, electrolytic plating, electroless plating, screen printing, PVD,
or other suitable metal deposition process. Signal traces 14 provide for electrical communication between
each of the semiconductor packages, mounted components, and other external system components.

Traces 14 glsno prg\\]/(iadeop%%vg?ro%nd % oeungr%olnnggtionslgqcel%ch of e emiEon%uct% %%kages. In
some embodiments. & semiconductor device Ras twd packag@{ﬁg ?evefs.ﬁrs?ﬁeve?pac ag?ﬁg is a
technique foramechanicdllyrand elébtricalty attaehing the semiconeliugtordiie tes a tcaemer. Second level

packaging,invalyes mechapically and slectically aftaching the carien, o e PR, Inathet empodiments,
a semiconductor device may only]:have the first level packaging where the die iIs mechanically and
electricallyerhoantedadirsctly fo the PEBI1 condudgpthe pakposesof ihwmstration, severahypes of first level

packaging, including wire hand package 16 andflip. chip 18, are shown on PGB 12, Additignally, several
types of second level packaging, including ball grid array (BGA) 20, bump chip carrier (BCC) 22, dual

in-line paeRages (BIF) 22 tantfigid anayg {LGAY 260 nrati-ehipfmbigleSMONY 28ugtiad flat non-leaded
package &QEM&QS 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 patkagifg stilesdas' @ell as cthéreleerbhie Corpstents Tandse Edithected to PCB

12. In some-gmbadiments,electronic deyicedQinclydes asingle aftached semieepductor package, while
other embodiments call for multiple interconnected packages. By combining one or more semiconductor
package$'6¢ErFa siriylet Susstrate inahafactiréirs fHcbrpttatd e semiconductor die to

a carrier. Second level 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

packages over a single substrate, manufacturers can incorporate

-11-



pre-made components into electronic devices and systems. Because the semiconductor packages
include sophisticated functionality, electronic devices can be manufactured using cheaper components
and a streamlined manufacturing process. The resulting devices are less likely to fail and less expensive
to manufacture resulting in lower costs for consumers. FIG. 2a illustrates further detail of DIP 24
mounted on PCB 12. DIP 24 includes semiconductor die 34 having contact pads 36. Semiconductor die
34 includes an active region containing analqg, gi[r ggtjglcci%%u\;tlscirerlgleamﬁnteds s active devices, passive
devices, Bonductive Iayerg, anéﬂélelec ric layers tormed within semicon Uctor dis 34 and are electrically
interconngetediaecordingternthe efettrivcab designkafdhe die) ¢-on@xampd, ithe tiretikthay include one or
more transistors, diodes, inductors, capacitors, resistors, and other circuit elements formed within the
active rerg]f'isgﬁ% %Jl?erllg(ll.l(t,c\)/r’lta%t‘tL S§ S %D %%e Orﬁég ecv%ﬁh %agjor%%cﬁ\?eg %%gﬁﬁ%lﬁhuéé afiminum (A1),
copper (Clx d#ngsny; atickel €N sgeld{Aa), OrsHver (A dand: are eletctrically connected to tHéeircuit
elements,formed withindie: 34 Contact pads 36 gre formeddhy; PVD, CUD. electglytic plating or
electroless plating process. During assembly of DIP 24, semiconductor die 34 is mounted to a carrier 38
using a goidrsifiesr earectie $aydr br adhesiverrateriabsiichfas theemalepoxy. The package body
includes an insulative gagkaging maierial such as polymerorcaramic. Gonductarjeads 40 ate connected

to carrier 38 and wire bonds 42 are formed between leads 40 and contact pads 36 of die 34 as a first level

packagingERE&psulant 448 debosited Bver theepackae e F eavifornerital proté@tior By preventing

moisture anddpatticles from enteningthe package and coptaminating die; 34, cantactpads 36, or wire
bonds 42. DIP 24 is connected to PCB 12 by inserting leads 40 into holes formed through PCB 12. Solder
material £6 T fidvied ArsUiiegds 0B ihto-tHelfoles to physicaTyaideledfticafly tBRnect DIP 24 to
PCB 12. Soldessratepak4a ¢an beany-raetal of electrically copdustivesmaterial, @ g+:Sn; lead (Pb), Au,
Ag, Cu, zinc (Zn), bismuthinite (B1), and alloys thereof, with an optional flux material. For example, the

solder mate¥iaf carf B& &titedtit 'SH/PbSAighdBadUstaddree. 34 2ndrRE 26°HGStrateS Fdrtier detail of

BCC 22 mpuateslomPEB:-12 s2emicondyctos dighd7 ésl eastnected taia cagierdy wiie bend style first level
packaging. BCC 22 is mounted to,PCB 12 with a, BCC style second level packaging. Semiconductor die
47 havin§9 RONfatEPRAS 48 & ouhtéd dVer's Earer tiity &7 Gndérift %p&?—?&ﬁﬁ Hhesive material
50. Semicanducior diediicihchistesanpactiivedegioneointaintigsanalagl oo tigital eireutsimplemented as
active devices, passive devices, canductive layers, and dielectric layers formed within semiconductor die
37 i 2t SRR AN RO st ac LR ARG 16 o SREGAl Booign of T die- FoF Sxdmple, the circui
may inclygedens 6r mose transistars hdiedesnnduciors; capaeitdrs lresisiots, and athericircuit elements

formed within the active region of die 47. Contact pads 48 are made with a conductive material, such as
Al, Cu, S IAWI%} %\u?%?%%r, aqngua)ré etfelcr%riéa%@?donrﬁge% ed to égrcgﬁ\%’én%nl formed \?vllt‘ﬁlenrdie 47.
Contact pads)48 aredformeddiyeRY D GA/D,velectrolyticplating, dhelectigless platihgnprotess. Wire bonds

54 and bgé%R‘éQS 5’9@&5%le!eecﬁrhc?‘"y&&rl”@g%ttco act pads 48 ofsemicandyctop die 4.410 contact pads
52 of BC orming the first level packaging. Molding compound or encapsuf]ant 60'is

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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deposited over semiconductor die 47, wire bonds 54, contact pads 48, and contact pads 52 to provide
physical support and electrical isolation for the device. Contact pads 64 are formed over a surface of PCB
12 using evaporation, electrolytic plating, electroless plating, screen printing, PVD, or other suitable metal
deposition process and are typically plated to prevent oxidation. Contact pads 64 electrically connect to
one or more conductive signal traces 14. Solder material is deposited between contact pads 52 of BCC
22 and cantact pads 64 of PCB 12, The er, material is reflowed to fo ps 66 which form a
mechani(?a ’an%%elgéﬁgf;bcoor}lcr?sec%gri be vge%nEéCJCSZE%%eF%% ZI.CO g@é)u]{;?l: cf 2c, semiconductor
die 18 is moisted faceldews tot Carrier 76hwitlea flijpochipstyle ficstdavet Packaging SBGA:20 is attached to
PCB 12 yith 3,AGA siyle secand leve! padaging Adtivezeaion.7d geniaining anglog grigital circuits
Implemente%i as active devices, passive devices, conductive Tayers, and dielectric layers formed within
semiconducteridie 18vis alettrdallytinteredinected according to’the tededtfibal ldesigrioflthedie. For
example, e Gireyit may inglude.ong or mote rapsistors.diades, jnduciars, gapagiors, resistors, and
other circuit elements formed within active region 70 of semiconductor die 18. Semiconductor die 18 is
electricalfedist irethanically aftachdcercarhier 76 Mwoudh a large Admber éfihdividual conductive solder
bumps ofballs, 78, :Salder humps 78 are formed overbuyp pags.qr Interconnedt stes-8Q,which are
disposed on active region 70. Bump pads 80 are made with a conductive material, such as Al, Cu, Sn, Ni,
Au, or Adhangirara-electfiedllyectheeted fothe TEOR ©ISMERSFBAMER Th AStiVEYeYBNn-70. Bump pads 80

are formeg by PVD, ; QYD electralytic) plating;.Qrelectroless plating process. Solder bumps 78 are
electrically and mechanically connected to contact pads or interconnect sites 82 on carrier 76 by a solder

reflow process. FI@RGAR0 s iedthieafSand hdehanically Atatiedfd-PERB I®BY B3drge number
of individyal gansluctive sglder bumps-ardalls 86. Theisolderhureps are formed-ver bump,pads or
interconnect sites 84. The bump pads 84 are electrically connected to interconnect sites 82 through
conductiVe eS80 fouted tirotigh Tarmé&vas: ChHtaaPdus 88 SfeformedDVEr A EUfAcE DI PEB 12
using evaporatien elecitalytin plating celeeloless plating -gereenPrintingmP ¥ b @h ether switable metal
deposition process and are typically plated to prevent oxidation. Contact pads 88 electrically connect to
one or mare BoHULEVE St raEB4 14" Fa Soltiar BUTeE Are elotiieal} and MecHHhically
connectedriocconiact pads o dhondingspads 88 en REBri2dar-a soldeo reflor piecessubiotding compound
or encapalilant4972 is d po§ited over semiconductor die 18 and carrier 76 gje%rovide E% ic%l support and
rtele

. n uges. an CllVe .redlon Ccontalnin ana or, d .
electrical i§6iation for the devica: Tﬁetfllp chip sehiitonduicsr devide provi asho ctrical conduction

path frontthecactive demvidesremsemlicondactot die 380 cenductimntiacksdan/PEBs12 in order to reduce

signal propagation distance, lower capacjtance, and improve overall circuit perfarmance. In another
embodim&ﬁﬁg %é%elcoTna&]uec%g’r’dig ri% é]{alnetl)fée Fn%erch%nﬁ:%ﬁ)? raﬁd%?é:gtlﬁélrﬁgct?alcrﬁed directly to PCB 12
using flipschip. stytedfirst levetipackagirgiwithoset cardet76.cally inEd@sBar8titlastrate a process of

L‘?LT;L‘S/ %‘;&;%&;%%‘é%&i%t 65? i}é)e:el g%i‘igéac' J§9ion araund a semiconduycior die To start ihe procegs, a
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

-13-



formed on a semiconductor wafer using conventional integrated circuit processes, as described above.
Each semiconductor die 102 includes analog or digital circuits implemented as active and passive
devices, conductive layers, and dielectric layers formed on topside active surface 108 and electrically
interconnected according to the electrical design of the die. For example, the circuit may include one or
more transistors, diodes, and other circuit elements formed within active surface 108 to implement

hasehand Siglel eleuts, such ge Sl sional processor (037 memany, o oiher Sianal progessing
circuit. THe Semiconductor die T02 may also contain in egra‘?]e passive dewcesci , such as Inductors,
capacitoré3and nesiston tfar radie freqbéncy (REpsignal progessiag. Contactpadsitio6 electrically connect
to active and passive devices.and siopalirqaes willyg active areq 100 of sgmiconduiclor fig 402,
Semiconductor die 102 are singulate from the wafer and transferred to temporary carrier 104 using a
pick-and-piace eperatidn.cSemicondictb? diss 102 arey mountdd over caraeit 104 using ultraviolet (UV) tape

with a predeteriped separationarperiphieralegiono aroyide adequate shacing bepyesn the die to form

through organic vias (TOV) or through hole vias (THV), as described below. The front side of
semiconducirdié s 02ss affixdelocarienl 04 with Tontdrd pads 106amPactivecsiifaee 108 oriented face

down. .o dR angliegnate smbodiment, the semicenducior waler with, semicanduciqr 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 SBRF Strest oW tb'the Bxpansiohtabrn bidicingOpEratiis tRHe éépansion table moves in

two-dimegsiondatesal @@&H@@ﬁ t%_@?ﬂ@%’&@lt%\&@t@gf the saw 39"235%'8{1 Jerm écl%efﬁpil%a@ ggion which
creates a ﬂ%reater ph%/SIcaJ separation between the die. The expansion table moves substantially the same
distance fFtheCRaxis andyraxisWithin tHetsiérante of the fabfeeontral td Provide®eparftion around a

periphery.efieachrdien a mechBOrganicdnsulating-material 140.s depositedrthe peripheral segion
between semiconductor die 102 using spin coating, needle dispensing, or other suitable application
process. ?ﬁlgng%k}o?diment, organic material 110 can be benzocyclobutene (BOB), polyimide (PI), or

acrylic resin. Alternatively, other nof;cenductive maiedalssueh Bs a polypiet taelding-cormpewind, liquid
epoxy molding, compression molding, soft IaminatingFfiIm, or other material having dielectric or _electrical

insulating Broperties-&an Be &epdsited inthe PeHpheral tegibh: The hohScorductive tkterials &n also be
deposited osing aatraasfee nalding s injectio: moddiBgPrecesse 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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In FIG. 3Db, 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 (pm) to form an opening or hole 112. In
FIG. Sc, 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.g. Less than half the depth of opening 112.
Alternatively, openings 112 and 114 are formed with wet or dry etchijng using different masks. Opening
11415 contled SUeF SR T CL 1 a Thsceh SEphy HretcamBratan bt Soangs 112 and 114
form a cdtnposite Pehaped thraugh eiganic ViemRdving varyirg widths as the evdtheoftopéning 114 is
greater than the width of opening 112. In one.embodiment, the width of gpening 112 is 5- 400 pm and the
ik of QOB L1 113 £P500 B e Sl of SpeHing 12 i Gheming 114 sag becvertical o
tapered. reflow|PEI&.e3d an electrically conductive material 116 is deposited into openings 112 and
114 to form conductive;hiough qrganic.yias (TOV) ysind:PYR. £V eyaporation, electrolytic plating,
electroless plating, screen printing, or other suitable metal deposition procéss. TOVs 116 have varying
widths orffi&métersyi.¢., thRrPeVhvas s first widthdih Xiedtical regiodudBisforgadié erateHalr10 and a
second widihJo yedtioa) region 4 200f prganipareral-L1, e rslwidiy oh T 116 ipregion 118 1is
greater than the second width of the TOV in region 120. The larger width of TOV 116 in region 118
provides YréReFahghifréntiolerdncetand Siifplifigatinterconriettion sviehestagkifg Sekiconductor die.
The sma@n\e.glg_g}gﬁT@y 116 nregign.118 E%%@Sdgsstﬁ ! 'V@JN@Q@WM (i(’iﬁff;@@s@%
manufacturing time. TOVs 116 can have tapered sidewalls which also simplifies the filling of the

compositeXi& Rfithidoneietive materidl. 70-  Crners BePanelédriedlfy doidiRtive fer 222 is

patterned;ang gepositecbeveriorganicipateriabbl and active surfaca 408 of semiconductor die 102 using
PVD, CVD, evaporation, electrolytic plating, electroless plating, screen printing, or other suitable metal

depositioﬁipﬁ'%éégt%‘?‘Foﬁ%ﬁ?ﬁgssi\?&ﬁcﬁe%ﬁff Cart bEHepodited BVersdificonduédP dfe 102 to isolate
conductive-layer 422 from active-swiaces108:drherpassiyationilayerncainbe one asreeredayers of silicon

dioxide (Si0,2()]f silicon nitriéje (tSiSNt4), s(ijllicog E?xyriitridte (,SiO{\I , tantalum p%enttoxide (1a205), aluminum
OXide (A'?&,%Flon' ontac raas eleCtrica Yy connec O one or ore
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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other material having similar insulating and structural properties. A portion of the passivation layer is
removed by an etching process to expose contact pads 106. The conductive layer 122 forms signal traces
or redistribution layers (RDL) to electrically connect contact pads 106 to TOVs 116. The 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 backgrindin y.involve mechanical
grinding, B,e\%e% gtc%ir%gg%ﬁ/c 8&%1]1ncg§8ﬁaswrﬁ£ %chhlfr?g;l,no? aCn%It]h\%erI} hﬁng;pr%%éggrgér%égonductor die
102 are singulated throughsa eenter potircofidrganiematerial £aChetreercd@Usciif: Thiesorganic
material 130 is,qut Ry A guting a9l 136 syeias g sayhiade or fgser g culling fogl campletely severs
the peripheral region to separate the die. FIG. 4 shows a final con iguration for semiconductor die
102 with 3OV eE6 havingakying widthy) fe g the topkidecoisTOVNHL Bllasdercthan the bogom-side of the

TOV. Copdyciive TQVs 316 electrically,connect through RDs:122 10.contact pads 106 and electrical

components within active surface 108. Conductive TOVs 116 extend from one side of the peripheral
region of sehficerduttsItdie 102a01He bPppbSite Bitlevfthé deviece. GonddetiveiTOVs 1dBprovide

electrically jptercoppection in, the.yertical () direction when stacking sempicopdycior di, s, FIG. 5

shows two stacked semiconductor die 102. Conductive TOVs 116 are mounted with electrically
conductieB6isding agenP P8 ITHE BryerpsHi6AOr TOV 218wt veritalregisi- 118 intrédsesalignment

tolerance; wigh the smalierroertion of IV, 416 iny vedicakregion 120. The-active surfaces 108 of
semiconductor die 102 electricallf/ connect through contact pads 106, RDLs 122, and conductive TOVs
116. s 19pmlaldrR&RERBodifEnt of AEMiEon@ictoidie with- TOVS RARMG VA width is shown in

FIG. 6. Incthis-case, the bettarside @fi the: §O\uisdargey than theitopsideafihe TOM. Afterthg temporary
carrier is removed, as shown in FIG. 3b, semiconductor die 130 remains oriented with contact pads 132
and activeETate 152hEE Yot A firsEBEENIAG ot FORFisToined P Bfgantc Matéidl 136 by laser
drilling ordBiEs t»a depdr ot-52-500 mreAsesond ppeningiefrhole is-formedin §rgante material 136 by
laser drilling or DRIE ta a depth less than the depth of the first opening, e.g. less than half the depth of the
first opertiiy: STHe Secohdopeing is/certareddver thé fifst Bpenitg BI5Hn SesHipdsifeiin8ied
T-shaped TOVA Therepeningsi ean he Jormedwith avet 10y dry etching usingudifferentitnasks.2 .

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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The width of the opening in vertical region 140 is greater than the width of the opening in vertical region
138. In 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 suit]gble metal def}jogition process. TO\ésl 1%2 have 1é/glgying width§ or di%meters. In this case, TOV

142 has a first width in ert%aﬂeé:igﬁ 170 o orf;:anigrrrelgterlal 136'and a srec%nﬁsvvlla%lin vertical region

138 of orgapiempaterial 3. wHmfirshwidtheof TOVI442 ipvericahregidn ¢40és/gieater than the second

width of the, T In veficgl tegion 136 The.argerwidih oRTOY 142 n tegion, L4 provides,greater
alignment tolerance an glmp Ifies Interconnection when stacking semicon uctor die. The smaller width of
TOV 142tiheegioh<i3Brequivés téss domduetivefilting lwhichreevdakessnapufaciringatimanfioVs 142
can havea'FaBgEeldpﬂgg\yag%ngic&alag éi.mplifies. conduc.tive filling. _ An electrically con(_juctive
layer 144 is patterned and deposited over organic material 136 and active surface 134 of semiconductor
die 130 using PVD, CV, evapordtiont eiactliticdlatig electroless platidgrsereés pribting, ot other

suitable petal depesition pracass,Ap pRLionalpassivalionlayergan he depasiipd ayarsemiconductor die

130 to Isolate conductive layer 144 from active surface 134. The passivation layer can be one or more
layers of S1921 BIBNASSION, THZ05: AT20S or Othérthaterial hawiRg SimParlirsa@atifg and structural

properties. A pogtion ofithe passivation 1aysrds rempgued by RRlehing pragessLto gxpose contact pads
132. The conductive layer 144 forms signal traces or RDL to electrically connect contact pads 132 to

TOVs 142eTRe e8Rde&Nehatelfat B2 dndlconatctve Ryer 124 cafbeldre 6fmbte layers of Al, Cu,

Sn,NLAﬂlﬁgrnatively, 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 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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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

opposite side af the ice. Conductive TOVs 142 provide electrically interconnectian in the z-direction
when sta?:?i%als%%icfcfnyductcﬁndigfle embo I](E].e‘}lzél‘lovk:/fs1 fwo ls%ackkea%se%%ggﬁéﬁctg?lrgie]1%0.§Conductive

TOVs 142 @ve mounted with elécitricaky comductivg bbhdingsadgertt-1260 The largéhportion of TOV 142 in
vertical regign 140-increases ali e lerance with.the smaller portion of TOV 142 in vertical region
é%gewa Is 09 % g#@ﬁﬁ TEE?aQB %ﬁ%%ﬁ%é.ﬁ¥ﬂ cg8(¥g v%§%1c4ﬁ or

138. The electrical components within active sur of semiconductor die 130 electrically connect

throggh dbmaﬂoiep_xéds 132_, RDLs 144, and condgctive TOVs 142. _ FIG. 8 is a top view of
semiconductor die 102nwith JOVs;116. Gondyctive TOVS 116 glectrically capnect thrqugh RDLs 122 to

contact pads 106 and electrical components within active Surface 108. Conductive TOVs 116 extend from
one side @ Espérfsheralbregisreofisermiconductodiel 0 X therppesitd sitelgfthebevit# Conductive

TOVs 118prayjde elacidcalydpiereannestion) the,z-direction when stacking semicopdyctor die.
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 wvertical
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 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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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 lélg also %groves ﬁdgesion and.regijégs contact gf—:'sistanc%bgtgveent%c%%cged TOVs 116. In one

embodimen}ﬁetﬁe b coa ng 148" formec y a Sseries o lpnr(f){cé‘jsnslng sffe%% including acidic cleaning of

the underdying <Gt fayer, wadtepanse, aniced-etdis watersrinse; aeid dlegrrwater rieseyaid khife aapply OSP,
air knife, éo;\r/v pressure. ﬁéesrsrintsoe, an odgging la teéggl ;ggicféurfof%om the OSP gg@t%r%gna}gd stabilize the
materials. The midro-etch can use a drogen-peroxide sulfuric acid. The Cu metal layer maintains a
uniform ahelysontihidus QSR ceatimg Whichacompletely $itls tHecalderhimg safaces THRDIMME&Sion time is

typically less than ang @”H@n@%@c@”%%z{g%% r@%%‘%ﬁﬁﬁ%‘@g-ﬁ‘\%p"i pf the gperating OSP solution

should be maintained bétween 4.3 and 4.5. e OSP solution may contain alkylimidazole,
benzotriazelelvesin Vo sirrésteis: br behzinidazele ontpoimdsass deserbethin S patent®173130 and

incorporated berei by feferenge. M}C/ficsqllpenéimigﬂzolggpmpuwﬂ@@y bave ansalkyl group of at least
three carbon atoms at the 2-position dissolved in an organic acid. When the bare copper surface is
immerse@& #f OSP-§allifigh, Ahe BenzinTidaPeieCohidound in an organic acid is converted to a copper

complex. The copper complex reagts withdhe hake cappersswiaceandiforms.a layer ebbenzimidazole
and copper complex. By incorporating copper ions in the aqueous solution of the benzimidazole and acid,

the reactiohYateReehifankadk 9t 1 ndiAfe afiGEls StheC0 SPOHting Cantdiéo behi&de with
phenylimisiazele-onethel imidazelegompoundsineluding Zanylimidazotavas the-activedngregient, as
described in US patent 5560785 and incorporated herein by reference. In any case, the OSP coating 148
is made S50Ut D85 pRTin tRickiBEs. ST OXP cSHting P48 '88leEtVel proteEts HE Dare copper from

oxidationgwhichoih allewed teifasm could iriederaywith thei selderbility of ecere sistacesn 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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The OSP coated conductive TOVs 116 are bonded together with flux 150 to activate OSP coating 148, as
shown by arrows 152, under temperature (40000) and pressure (4000 mbar). The electrical components
within active surfaces 108 of semiconductor die 102 electrically connect through contact pads 106, RDLs
122, and conductive TOVs 116. FIG. 10 shows another embodiment of semiconductor die 102
with multiple rows of TOVs 116 having varying width, i.e., each with the topside of the TOV larger than the
bottom-side of the TQV. T ripheral region is;made sufficiently wide to accommodate the multiple
rows of TOUS 118 hGuinb aring vtk P Eabting 118 1o suied t e Lr ooy and s Eontac
surfaces 0f 8orductive IOYd 1d8do reducel OxXidatier; imprevel adhesior, @nd-lowen gbntact resistance.
Conductigg TOVs 1&% Iec{r(iJ Ily Qegzt?ro hng%/g He4 10 confact £af1§6106 and electrical
components?w?tﬁin ctf%% sur%:l’ce 10%. Condhc%%e TOVs 116 é)‘(ft%rrllﬁrom one side of the peripheral
region of semiconductémdie 1'021toahe oppbsite sidetofefie devieelConductiverTOVS Ibtprovide
electrically ptereannegtion In. the. z-diregtion when, stacking semiconductor dies, ; o ., FIG. L1 shows

another embodiment of semiconductor die 102 with TOVs 116 having varying width, i.e., each with the
topside opie- POVSladgerdhart fite Bolforhsside b tHe TOY OSSP coatsg 448 ¢ applfedtothe upper and

lower CO%@E%%”@?@%%E@BQH ve-LOVsL16;10 redhics oxidatian.dmprave adhesionsgd lower contact

resistance. Conductive TOVs 116 electrically connect througﬁ RDLs 122 to contact pads 106 and

electrical TOhisoHERES WithiFad@ive SUrfaRBa08s ConteRiivs TOVE 1 I ekenll dbevé ohessutfite of

organic matefigk11Qiin-theperipheral regien,af semicenductorgie 102 and furiher extendhielay the
opposite surface of organic material 110 in the peripheral region. The extensions of conductive TOVs 116
above antPb&16@BtganitHh&tetial110 pravide- ad6itiofalvetticsl spacingBetiveer stscked seiconductor

die. Conduotiye T(AVs 116 previde elgatrically iptereennectian i the-zrdirgctionywhen stacking
semiconductor die. G. 12 shows another embodiment of semiconductor die 102 with TOVs 116
h

Fl
having valyingwitth, §2°, éaenhRittt theltopSide’st the TOV Farg@r that e bottorside®t théTov. osp
coating 148ds applied ta-theiupper ansdowgy centact switaces-efrconguetive, E0VsELS torregee
oxidation, Improve adhesion, and lower contact resistance. Conductive TOVs 116 electrically connect
through RDES 12236 ¢hRehct palS 108 HH elRRFRANSbmBoriahts Withih 84ie Sitface 168: The
bottom-sisiecaf icomductivierTVss Llbnisadecessethinaarganic matesiakdlQ wwith respectdp @liackssurface of
semiconductor die 102. Conductive TOVs 116 provide electrically interconnection in the z-direction when
tacking SBHICSPALCIT o " LER Wr 155, T5Ys ShCONALCs B16D RESHAU WA Vs 116 having
varying widi, wedeach witththedppside of the YoM lacger than the botomisideod theeTOVLOSP coating
148 is apggﬁd la H}%Up rt%n@pl lower contact suga%es of.conductive TOVs 1]I§1 to reduce oxidation,

. 3
Improve a eeS|on, and lower contact resistance. (Eor%&?c]tlvgel%\% ﬁ e]ectrlcalﬁ/nc(:eonnect through RDLs

122 to contéctipadsriins dandelectiical odmpbrentsanithiy activer surtface: 108 sQorductide TGVs 116
extend fram,one side of the peripheral region pf semicondyctor die, 102 10, the gpposite side pithe device.
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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Semiconductor die 102 further Includes through silicon vias (TSV) 154 which electrically connect to
contact pads 106 and electrical components within active surface 108. ISVs 154 can be formed by
etching or laser drilling vias through the silicon area of semiconductor die 102. The vias are filled with Al,
Cu, Sn, Ni, Au, Ag, or other suitable electrically conductive material using evaporation, electrolytic plating,
electroless plating, screen printing, PVD, or other suitable metal deposition process. Conductive ISVs 154
extend from one side of semiconductor die 102 to the opposite side of the devic ondyctive TOVs 116
and ISVs% 7 p?co%?desglcégf}%aw |ncgrc%%nie—’lchneongi(rgp:[h(le%-(Yi?ggii%%av&hé:rle gtﬁ%ﬁinzgsgemic%?ll&uctor die.

In FIG. 14 agemiconddctor die T0%7islshowimwith JiOVis 116 hawimgiveryingreidtts, 1.eq leaphnweittt the

topside of fhie, TOYlargerdhan n betarm-gige of e, TOV: O5P sraling, 14 s gpplied to the upper and
lower contact surfaces of conduttive TOVs 116 to reduce oxid%tion, improve adh sion, and lower contact
resistancec8enmmcohdtictor die 402 fliftkersinelldes batkside RDIAB81RDL1IGE eari Al GuB,E8n, Ni, Au,

Ag, or Ot'}%rqfn}’i@QLe slegtrically, ganductive mateyial formed By evaporation, elecitopdic plating,

electroless plating, screen printing, PVD, or other suitable metal deposition process. Conductive TOVs
116 electricaRy- cofriett thrddghRDIs Y22 bad<r58toscottact baglswiDecdnd eleetricaledrhpoaénts within
active surfgge 108, Gondugtive,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 stackiig sehfiedbhdGcidr-dieconduct jivp|G.215 sehfi¢orndudtertdie 102%s Shdwn with

TOVs hayipgyarying vidi i.ex £agh withithe topside nf the d O\ larger than the boitem-gjde of the TOV.
In this case, conductive layer 160 is conformallga plied to openings 112 and 114, see FIG 3c. The

remaining fes 8REPETIRYs 112 ahdCL 1k Ted With 6ndanicEmarstiat 110 o SPLEGHtiny 461 applied to

the uppepand lower contact,syirtases of senductivechQ¥s 160 ta teduce exidation impravesadhesion, and
lower contact resistance, Conductive TOVs 160 electrically connect through RDIs 122 to contact pads

106 and BRetficafEomponets Wittin atfive siffat® 168 Condictve FOVE 166 BEEnd *BmPene side of
the periphetad ragien of semicanduetos gie- 102 tethe opposite side Dhthe devierCarductivedOVs 160

provide electrical interconnection in the z-direction when stacking semiconductor die. While one
or more embBodih@ht§ 6 the“prédehtintention have Ge& itk ate R detdif the SRilBE arfisan will
appreciaterthabt modifications and adapiationsnag theseoembodmaents mayobe madeowitbeut departing from
the scope of the, prpsgnt invention ag set forth i the following claimS: ra1 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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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;

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 smaller
portion of TOV 142 in vertical region 138. The electrical
components within active surfaces 134 of semiconductor die 130
electrically connect through contact pads 132, RDLs 144, and
conductive TOVs 142.

FIG. 8 is a top view of semiconductor 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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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 circular hole having a first
depth, the first depth less than a thickness of the insulating material, removing a second portion of the
insulating material of the peripheral region over the first circular hole to form a second circular hole to a
second depth less than the first depth, the first and second circular holes constitute a composite through
organic visae gg\e/% hg\fin I<§1oférstS \évildth inS % everticlarl1 é%%igri\ I(1)f thecfji‘r& CirCLﬂg% holg andfa 8 %ond width in a
vertical region of the's cond circular ho e,ptﬁe secon ngthabelng Gifferent from the firs width;
depositingralegriduictive Cuatérakin the cbmposite $©) toform-astoriductiee $0Vy insganarizing a

backside olf etlg% semj;lcto&durctiog Sclé'e ang_ a %}cﬁsi@de %f thE in%@tin%rpat%rrilail o remove a portion of the
semiconductor die and a portion of the insulating’ material to expose the conductive IOV;  forming a
conductierkayerbetweehethercongactiven D Vi andreocormtactyad ofithessemicondyatort die; and

coating and stabilize the materials. The micro-etch can use a
hydrogen-peroxide sulfuric acid. The Cu metal layer maintains a
uniform and continuous OSP coating which completely fills the
underlying surface. The immersion time is typically less than
one minute at a temperature range of 40-45°C. The pH of the
operating OSP solution should be maintained between 4.3 and 4.5.

The OSP solution may contain alkylimidazole,
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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singulating the insulating material 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. 3. The method of claim 1, further
including forming a plurality of rows of the conductive TOVs in the insulating material.

The OSP coated conductive TOVs 116 are bonded together
with flux 150 to activate OSP coating 148, as shown by arrows
152, under temperature (400°C) and pressure (4000 mbar). The
electrical components within active surfaces 108 of
semiconductor die 102 electrically connect through contact pads
106, RDLs 122, and conductive TOVs 116.

FIG. 10 shows another embodiment of semiconductor die
102 with multiple rows of TOVs 116 having varying width, i.e.,
each with the topside of the TOV larger than the bottom-side of
the TOV. The peripheral region is made sufficiently wide to
accommodate the multiple rows of TOVs 116 having varying width.
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.
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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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 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. The method of claim 1, wherein the second depth is less
than half th(-iflrst dﬁ:‘gth 9. Th Qeék&oc%of cIa| 1 whereln the grs} i/\éiﬁthliﬁ [5eslsnthgﬂehalf the second

width.

ppos ace nic ma
peripheral region. The extensions of conductive TOVs 116 above
and below organic material 110 provide additional vertical
spacing between stacked semiconductor die. Conductive TOVs 116
provide electrically interconnection in the z-direction when
stacking semiconductor die.

FIG. 12 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. 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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10. 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
forming a
second circular opening in the insulating material of the peripheral region over the first circular opening to
a second depth less than the first depth, the first and second circular openings constitute a composite

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

eren

through ogggmgy&@?\é aving a flrs;[l\{vldtmr%ﬁ\ivgrtécc I{%%logggpe flrsé 8_|§gula#g;&%n|

width in a vertical region o hé Second circular opening, the second width eing di

t

i

nd a second
gr%l the first

width; cdepositing arcondogtive material ir theacempdsitel TONGtovidem a-tondughive TOV;
planarizing gnd.rgmoying & portion of a backside ofithe sgmiconducter,die and.a packside of the

insulating material to expose the conductive OV; and forming a first con
conductivel TOWand a contact pvad gtdhe semiddreluctordieble electrically

conductive material using evaporation, electrolytic plating,

electroless plating, screen printing, PVD, or other suitable

uctive layer between the

metal deposition process. Conductive TSVs 154 extend from one

side of semiconductor die 102 to the opposite side of the

device. Conductive TOVs 116 and TSVs 154 provide electrically

interconnection in the z-direction when stacking semiconductor

die.

In FIG. 14, 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. 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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11. The method of claim 10, further including: stacking a plurality of semiconductor die; and

electrically connecting the semiconductor die through the conductive TOV. 12. The method of claim 10,
further including forming a second conductive layer over the backside of the semiconductor die opposite
the contact pad, the second conductive layer being electrically connected to the conductive TOV.

larger than the bottom-side of the TOV. 1In this case,
conductive layer 160 is conformally applied to openings 112 and
114, see FIG 3c. The remaining area of openings 112 and 114 is
filled with organic material 110. OSP coating 148 is applied to
the upper and lower contact surfaces of conductive TOVs 160 to
reduce oxidation, improve adhesion, and lower contact
resistance. Conductive TOVs 160 electrically connect through
RDLs 122 to contact pads 106 and electrical components within
active surface 108. Conductive TOVs 160 extend from one side of
the peripheral region of semiconductor die 102 to the opposite
side of the device. Conductive TOVs 160 provide electrical
interconnection 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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13. The method of claim 10, 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. 14. The
method of claim 10, further including forming an organic solderability preservative (OSP) coating over a
contact surface of the conductive TOV. 15. The method of claim 10, wherein the conductive material is
conformally applied to the composite TOV. 16. The method of claim 10, wherein the second depth is less
than half the first depth. 17. The method of claim.10 iwhserein the first width is less than half the second
width. 18. A method of making a semiconductor device, comprising: providing a plurality of semiconductor
die separated by an insulating material in a peripheral region;

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 circular hole having a first
depth, the first depth less than a thickness of the insulating
material;

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

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

planarizing a backside of the semiconductor die and a
backside of the insulating material to remove a portion of the
semiconductor die and a portion of the insulating material to
expose the conductive TOV;

forming a conductive layer between the conductive TOV and a

contact pad of the semiconductor die; and
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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 varying width; and depositing a conductive material in the composite TOV to form a conductive
TOV;and removing a portion of a backside of the semiconductor die and a portion of a backside of the
|nsumnngnuneg%%ggfgg%%gm%%gugggg ;E?%g material 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.

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 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. The method of claim 1, wherein the second depth is less

than half the first depth.

9. The method of claim 1, wherein the first width is less than

half the second width.
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19. The method of claim 18, further including forming a conductive layer between the conductive TOV and
a contact pad of the semiconductor die. 20. The method of claim 18, further including forming a
conductive layer over the backside of the semiconductor die opposite the contact pad, the second
conductive layer being electrically connected to the conductive TOV. 21. The method of claim 18, further
including forming a through silicon via in an active area of the semiconductor die, the through silicon via
being eleincaIIX conn%%tgdét% th%gonductivgél’(%\ébggu'cl'}ggrrn%th\ggCof cIaCim 18fif%r£her.including forming
an organic s'oldera%ﬁi%y preservé[t‘lve](?)%ﬁb coalﬂng OVer a contact surfate of the conductive TOV. 23.
The method of ¢lainv 18 iwberein thecednductivé nsaterialois conformally @ppéed te thedcdmpesite TOV.
24. A me}t}léordi%fhneﬂglgfgr%%qgg:’g)nductor device, comprising: providing a semiconductor die;
depositing an insulating material in the peripheral region;
forming a first circular opening in the insulating material
of the peripheral region to a first depth;
forming a second circular opening in the insulating
material of the peripheral region over the first circular
opening to a second depth less than the first depth, the first
and second circular openings constitute a composite through
organic via (TOV) having a first width in a vertical region of
the first circular opening and a second width in a wvertical
region of the second circular opening, the second width being
different from the first width;
depositing a conductive material in the composite TOV to
form a conductive TOV;
planarizing and removing a portion of a backside of the
semiconductor die and a backside of the insulating material to
expose the conductive TOV; and

forming a first conductive layer between the conductive TOV

and a contact pad of the semiconductor die.

11. The method of claim 10, further including:
stacking a plurality of semiconductor die; and
electrically connecting the semiconductor die through the

conductive TOV.
12. The method of claim 10, further including forming a second

conductive layer over the backside of the semiconductor die

opposite the contact pad, the second conductive layer being
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forming an insulating material in a peripheral region around the semiconductor die; forming an
opening in the insulating material and having a first width in a first vertical region and a second width in a
second vertical region, the first width greater than the second width; forming a conductive material within
the opening; and reducing a thickness of the semiconductor die and a thickness of the insulating
material to expose the conductive material within the opening. 25. The method of claim 24, further
including efgrergi?gianaqr anico%onlg%@ggit)égr% eévegié/e Q(OC Pi)vceo ig,g over a contact surface of the
conductive material within the opening. . Thé method of claim 4, wherein the conductive material is
conformally applied within the opening.

13. The method of claim 10, 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.

14. The method of claim 10, further including forming an
organic solderability preservative (OSP) coating over a contact

surface of the conductive TOV.

15. The method of claim 10, wherein the conductive material is

conformally applied to the composite TOV.

16. The method of claim 10, wherein the second depth is less
than half the first depth.

17. The method of claim 10, wherein the first width is less
than half the second width.

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

providing a plurality of semiconductor 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;

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 varying width; and

depositing a conductive material in the composite TOV to
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27. The method of claim 24, further including forming a conductive layer between the conductive material
within the opening and a contact pad of the semiconductor die. 28. The method of claim 24, wherein a
sidewall of the opening is vertical or tapered. 29. The method of claim 24, wherein the first vertical region
of the opening has a circular cross section.

form a conductive TOV;and
removing a portion of a backside of the semiconductor die
and a portion of a backside of the insulating material to expose

the conductive TOV.

19. The method of claim 18, further including forming a
conductive layer between the conductive TOV and a contact pad of

the semiconductor die.

20. The method of claim 18, further including forming a
conductive layer over the backside of the semiconductor die
opposite the contact pad, the second conductive layer being

electrically connected to the conductive TOV.

21. The method of claim 18, 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.

22. The method of claim 18, further including forming an
organic solderability preservative (OSP) coating over a contact

surface of the conductive TOV.

23. The method of claim 18, wherein the conductive material is

conformally applied to the composite TOV.

24. A method of making a semiconductor device, comprising:
providing a semiconductor die;
forming an insulating material in a peripheral region

around the semiconductor die;
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forming an opening in the insulating material and having a
first width in a first vertical region and a second width in a
second vertical region, the first width greater than the second
width;

forming a conductive material within the opening; and

reducing a thickness of the semiconductor die and a
thickness of the insulating material to expose the conductive

material within the opening.

25. The method of claim 24, further including forming an
organic solderability preservative (OSP) coating over a contact

surface of the conductive material within the opening.

26. The method of claim 24, wherein the conductive material is

conformally applied within the opening.
27. The method of claim 24, further including forming a
conductive layer between the conductive material within the

opening and a contact pad of the semiconductor die.

28. The method of claim 24, wherein a sidewall of the opening

is vertical or tapered.

29. The method of claim 24, wherein the first vertical region

of the opening has a circular cross section.
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