SEMICONDUCTOR DEVICE AND METHOD OF FORMING CONDUCTIVE TSV WITH INSULATING
ANNULAR RING Field of the Invention The present invention relates in general to semiconductor
devices and, more particularly, to a semiconductor device and method of forming a conductive TSV with
an insulating annular ring. 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 s E&B!RHF&‘&%&E%%E& RoMEMIGRe _pgmg'%cal component, e.g.,
light emitting diode (LE[S?gﬁtéﬁ%I Tahsk T H%Téﬁgf’lt ) Hn%{’brl,pﬁﬁg' power metal oxide

semiconductor field effect transistor (MOSFET). Integrated semiconductor devices typically contain
hundreds to millions of electrical compgnents. Examples of integrated semiconductor devices include
microcontrollers, microprocessors, chg}éggfioﬁﬁleg%ev} YSS(COB8), solar cells, and digital micro-mirror
devices (DMDs). Semiconductor devices perform a wide range of functions such as signal
processi_ng, high-spee(% cglcu@éiggg, _transvrgitt%n,go%.nq: éelcegveirslg lerllect.rgrgréa nle_tig signals, contr.ollling
electronic devices, trans}fornlﬁng sunﬁgﬁtnto electricity; and créating VisUal projections for television
displays. Semiconductopdeviees arssfound,inrtle &ieldsof entdrtaiiment, commenications; qower

convemmgggfggoggdc%g¥%ggsb%n%Orming a conductive TSV with an insulating

annular ring.

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), small signal 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 signal processing, 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 conversion, networks, computers, and



consumer products. Semiconductor devices are also found in military applications, aviation, automotive,
industrial controllers, and office equipment. Semiconductor devices exploit the electrical
properties of semiconductor materials. The atomic structure of semiconductor material allows its electrical
conductivity to be manipulated by the application of an electric field or base current or through the

process of doping. Doping Introduces impurities into the semiconductor material to manipulate and control
the condﬁ&ﬂlﬁk}%??hé’gé)%%?l%lucto?%‘%f‘c%@dmtOr ACSERiEBRdEEr Bevite EOHtINS Active and
passive eleatricalsirugtyes cAetivenstiuciyres: inclyding bipedariand field effeet-transistors, control the
flow of electrical current. By varying levels of doping and application of an electric field or base current,
the transistorifher promotdsbribsticts fa%dwW'6h Electrical current. Passive structures, including
resistors, capacitors, apdrindugctarse createl aretationshiplketweenyoliage and urrent necessary to
perform a variety of electrjcal functions. The passive and_active structures are electrically connected to
form circﬁfs‘?%ﬁ%&ﬁ giabl ﬁ%%ﬁﬁ&é%b%%? r QRIS to géornt RighSpaetCealcdisiions Snd other useful
functionssemi conSenticanducterrdevicesl drewge nerallyemantufactisre d asirgp o camplexocmaaufacturing
processes, i.e. er?n -egd mar]clﬁacturin ,.and%back-g:@d manl.ifactgrirfg, %achlinvolvi potentially

hundredsm(%lfrl sjtgb1 r%nt-kéﬁd méenuafggtuﬁﬁa AVOIVES the Tformation of a pjﬂjeraﬁtyoo]? i€ on the surface of a

semiconductarcwaferrEacir dieds typiealiyridentical @hddcamtaigs cirdwitsi foymedthyoelectrisally connecting
;‘ﬁiﬁs"heegrﬁﬁ%@gﬁﬂ%ﬁ%i%g%?gs‘iéo%ri% fapiadiunng involves singylating indiyidual die from the
control the conductivity of the semiconductor device.

A semiconductor device contains active and passive
electrical structures. Active structures, including bipolar and
field effect transistors, control the flow of electrical
current. By varying levels of doping and application of an
electric field or base current, the transistor either promotes
or restricts the flow of electrical current. Passive
structures, including resistors, capacitors, 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. FEach die is typically identical and
contains circuits formed by electrically connecting active and
passive components. Back-end manufacturing involves singulating

individual die from the finished wafer and packaging the die to



provide structural support and environmental isolation. One goal of semiconductor manufacturing
is to produce smaller semiconductor devices. Smaller devices typically consume less power, have higher
performance, and can be produced more efficiently. In addition, smaller semiconductor devices have a
smaller footprint, which is desirable for smaller end products. A smaller die size may be achieved by
improvements in the front-end process resulting in die with smaller, higher density active and passive

componeits Batk-erid procetsds mEyReEhlt i Semitontiaefir dkdite pickagesWith a smaller footprint

by improvements in elestdca) daterconnestionr and packagingiuatesalsr ing is HG. psbawsa
conventional semiconductor wafer 10 with a plurality of semiconductor die 12 formed on the wafer

separated By saW stPESS A2 ARSheulatifig br dfetectit fayET 169§ Yormted SvaHadive Surface 18. An
electricallyccongtistive kayep 204s formegeoverdnsidating lyend b cepnductiveslayere2@ opaiatesias
contact pads for electrical coannection to external circuits..An insulating or passivation layer 22 is formed
over insUISHG 1856 £6 ARA Fondudveayer 207 = R 1MliStARE & potioh of eomventional
semiconducter die biza Al plurdlity opvias ts formmedHhicughcthéhasessemmiconductaematerial of die 12 and
insulatin%laggr 1§.SAn il}&sulat(i_jrhg%matec{ilaé is first forQedb%n thqﬁsidewgll%of the vias as antinsulating ring

24. After c1):rm|hlgC msUIatlngSrIPng I'the remsé%rﬁﬁgl{lna%] area is then tiffed with lemgcﬁﬁgaﬁ@eélonsdu%ﬁve

material over insulating ridg Rddoderm zegdirection yeiticall condudtivesthroughrsilicoinovias (ISV) 26. FIGs.
3a-3d Illugtr(?testanoth%r. canventional conductive ISV with an insulating I{@Qp}% FIG. 3a, a gl}l/Jrality of vias

28 is formet ﬁﬁlroﬁgﬁ%helggsg semiconductor matenial of
result in semiconductor device packages with a smaller footprint
by improvements in electrical interconnection and packaging
materials.

FIG. 1 shows a conventional semiconductor wafer 10
with a plurality of semiconductor die 12 formed on the wafer
separated by saw streets 14. An insulating or dielectric layer
16 is formed over active surface 18. An electrically conductive
layer 20 is formed over insulating layer 16. Conductive layer
20 operates as contact pads for electrical connection to
external circuits. An insulating or passivation layer 22 is
formed over insulating layer 16 and conductive layer 20.

FIG. 2 illustrates a portion of conventional
semiconductor die 12. A plurality of vias is formed through the
base semiconductor material of die 12 and insulating layer 16.
An insulating material is first formed on the sidewalls of the
vias as an insulating ring 24. After forming insulating ring
24, the remaining via area is then filled with electrically
conductive material over insulating ring 24 to form z-direction
vertical conductive through silicon vias (TSV) 26.

FIGs. 3a-3d illustrates another conventional

conductive TSV with an insulating ring. In FIG. 3a, a plurality

of vias 28 is formed through the base semiconductor material of



die 12 and insulating layer 16. An insulating material is first deposited into vias 28 to form insulating ring
30, as shown in FIG. 3b. In FIG. 3c, vias 32 are cut to remove the base semiconductor material within or
inside insulating ring 30 and insulating layer 16 down to conductive layer 20. After forming insulating ring
30, the remaining via area 32 is then filled with electrically conductive material to form z-direction vertical
conductive TSV 34, as shown in FIG. 3d. Conductive TSV 34 are electrically connected to conductive
layer 20.9+¢ 12 |383cA a8 athaiAsUaliTg ring is dépositedtrfor 8 thé'eordudive TSV ESisequently,
the insulatingomatesial aseynulates on the expesed eenductive dayer 29 duringsdepasiian. The insulating
material must be removed or cleaned from the TSV contact area of conductive layer 20 prior to filling the
vias with THE conductivemAtErial 6 ensiiré Jood el&&ricacontact SFRY prodkss st ¥moving insulating
residue fromm the TSYxontactarea Of tonductive layeri2(sisdime consumingsand adds mamdacturing
cost. Failure to properly remove j suéfating layer 24 from the TSV contact area of conductive layer 20
causes NGO Stt e e ITEE i SR RS 0 15 Bufany o Hhe INEHioRS A
need exists 4@ ferm agonductivaT SYhwithramdnsulatingvring withautleavisgtihsulatirig maderial residue on
the underlying Cé)?dg%tirvie layer. Accordingly, in one embodiment, the present invention is a method of
making a Semiconductor dévice comprising tY1e sI?eps oflprovuﬁng a'semiconductor wafer, forming an
insulating’layer owdr ar adtive-Surdaceset thé seasicemductoriwater Gforrmihg a Conductivedaydrséver the
insulatingi]lgygr eforerriigg & flirg,t Yift frocrg anl%%%k %urg%cec%f DtQS gggn\;cé‘orldauctorr \%%fer, opposite the active
surface, t rougﬁw the semiconductor wafer andeinsulating layer to the coﬁ/(?uctlve]ayer, depositing a
conductive material in the figtiade ferm alcondustive ISV aafterifarmingdhe condectivier 8¥; forming a
second vig.argund ihe gondyctive ISy from the hack surface of the semicondugtor wafer through the
semiconductor wafer and insulating layer to the conductive layer, and depositing a first insulating material
in the secordwia te feren an indigatigrasdacangiuct ive |harthetlerdbadinient, the present invention
is a methgd, 0f making a sericonducter device comprising the steps.of provisling g,semiconductor wafer,

forming a first via through the semiconductor wafer, depositing a conductive material in the first via to
form a corfcRitive vial affe £ thereohdRiEtive Vs foritiRg Beserbnd Wid Afctindtthe conductive via

through the semiconductoriwafer and deRositnga dirstiaswating matend) in the,secondya to form an
msmaﬂn%gg%frical contact. The process of removing insulating residue

from the TSV contact area of conductive layer 20 is time

consuming and adds manufacturing cost. Failure to properly

remove insulating layer 24 from the TSV contact area of

conductive layer 20 causes high contact resistant and defects in

semiconductor die 12.
Summary of the Invention

A need exists to form a conductive TSV with an
insulating ring without leaving insulating material residue on
the underlying conductive layer. Accordingly, in one
embodiment, the present invention is a method of making a
semiconductor device comprising the steps of providing a
semiconductor wafer, forming an insulating layer over an active

surface of the semiconductor wafer, forming a conductive layer



In another embodiment, the present invention is a method of making a semiconductor device comprising
the steps of providing a semiconductor die, forming a first via through the semiconductor die, depositing a
conductive material in the first via to form a conductive via, forming a second via outside the conductive
via through the semiconductor die, and depositing a first insulating material in the second via to form an
insulating ring. In another embodiment, the present invention is a semiconductor device

comprisiry 8 ‘sehiiGoridtittdrdié hd refictive VA formad trotigh YAé sérficbritiukisidie. An insulating
ring is formed autsidertherconguigtive viautbraughthesemispprducterdien BrigfDessriptionr gk the
Drawings FIG. 1 illustrates a conventional semiconductar wafer with a plurality of semiconductor die

separated By A 88w Steet FIES 2 ilstiates Tonveftichal COHAGEVEI SVANRR ahdnStiGting ring formed

through the seieanduciordie;, depositing a conductive material in the first
via to form a conductive TSV, after forming the conductive TSV,
forming a second via around the conductive TSV from the back
surface of the semiconductor wafer through the semiconductor
wafer and insulating layer to the conductive layer, and
depositing a first insulating material in the second via to form
an insulating annular ring.

In another embodiment, the present invention is a
method of making a semiconductor device comprising the steps of
providing a semiconductor wafer, forming a first via through the
semiconductor wafer, depositing a conductive material in the
first via to form a conductive via, after forming the conductive
via, forming a second via around the conductive via through the
semiconductor wafer, and depositing a first insulating material
in the second via to form an insulating ring.

In another embodiment, the present invention is a
method of making a semiconductor device comprising the steps of
providing a semiconductor die, forming a first via through the
semiconductor die, depositing a conductive material in the first
via to form a conductive via, forming a second via outside the
conductive via through the semiconductor die, and depositing a
first insulating material in the second via to form an
insulating ring.

In another embodiment, the present invention is a
semiconductor device comprising a semiconductor die and
conductive via formed through the semiconductor die. An
insulating ring is formed outside the conductive via through the

semiconductor die.



FIGs. 3a-3d illustrate another conventional conductive ISV with an insulating ring formed through the
semiconductor die; FIG. 4 illustrates a PCB with different types of packages mounted to its
surface; FIGs. 5a-5c illustrate further detail of the representative semiconductor packages
mounted to the PCB; FIGs. 6a-6c¢ illustrate a semiconductor wafer with a plurality of
semiconductor die separated by a saw street; FIGs. 7a-7f illustrate a process of forming a
conductive ISV with an insulating annular ring; FIGs. 8a-8q illustrate the conductive ISV with a

conformal conductive lining ang #issfatgsaivipan b, JGsh8ami disiigée a small conductive ISV with
a

FIG. 1 illustrates a conventional semiconductor wafer
with a plurality of semiconductor die separated by a saw street;

FIG. 2 illustrates a conventional conductive TSV with
an insulating ring formed through the semiconductor die;

FIGs. 3a-3d illustrate another conventional conductive
TSV with an insulating ring formed through the semiconductor
die;

FIG. 4 illustrates a PCB with different types of
packages mounted to its surface;

FIGs. 5a-5c illustrate further detail of the
representative semiconductor packages mounted to the PCB;

FIGs. 6a-6c illustrate a semiconductor wafer with a
plurality of semiconductor die separated by a saw street;

FIGs. 7a-7f illustrate a process of forming a
conductive TSV with an insulating annular ring;

FIGs. 8a-8g illustrate the conductive TSV with a
conformal conductive lining and insulating annular ring;

FIGs. 9a-9f illustrate a small conductive TSV with a
larger insulating annular ring;

FIGs. 10a-10f illustrate a protruding conductive TSV
with an insulating annular ring;

FIGs. lla-11lg illustrate a recessed conductive TSV
with an insulating annular ring;

FIGs. 12a-12f illustrate a conductive TSV with an
insulating annular ring terminating at the active surface of the
semiconductor die; and

FIGs. 13a-13f illustrate a conductive TSV with an

insulating annular ring over a build-up interconnect layer.



larger insulating annular ring; FIGs. 10a-10f illustrate a protruding conductive ISV with an insulating
annular ring; FIGs. ha-hg illustrate a recessed conductive ISV with an insulating annular ring; FIGs.
12a-12f illustrate a conductive ISV with an insulating annular ring terminating at the active surface of the

Detailed Description of the Drawings

The present invention is described in one or more
embodiments in the following description with reference to the
figures, in which like numerals represent the same or similar
elements. While the invention is described in terms of the best
mode for achieving the invention’s objectives, it will be
appreciated by those skilled in the art that it is intended to
cover alternatives, modifications, and equivalents as may be
included within the spirit and scope of the invention as defined
by the appended claims and their equivalents as supported by the
following disclosure and drawings.

Semiconductor devices are generally manufactured using
two complex manufacturing processes: front—-end manufacturing and
back—-end manufacturing. Front—-end manufacturing involves the
formation of a plurality of die on the surface of a
semiconductor wafer. Each die on the wafer contains active and
passive electrical components, which are electrically connected
to form functional electrical circuits. Active electrical
components, such as transistors and diodes, 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 doping process modifies the electrical



semiconductor die; and FIGs. 13a-13f illustrate a conductive ISV with an insulating annular ring
over a build-up interconnect layer. 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 $0COVETItErhtives, ATSHHTEIIONS Fakd Bahivakhts a8 nfsy B¢ incidetd Rifhin the spirit and
scope of the inveptian A defined by the appended alaims and their €quivalenis asssipported by the
following disclosure and drawings. . Semiconductor devices are generally manufactured using two
complex A& ERing Procts8al i réntehd AR Y arfd BACKRAY Miafufiéiutihg *Front-end
manufactusingurvolvas theiformatpn ot a pturality of die on the sudace of aisemiconductercwafer. Each
die on the wafer cgntains active and passive electrical components, whic%are electrically connected to
form functfoharaieeitical Sirdis - Active &¥aitcat cmbbhaHts. $HE a8 angiigrs @hddiodes, have the
ability to dentieldhe flonnefeelectrcalcisrenirRassive eldciricat bempoaestss sueh as capaeitars,

inductors resistorcs and t]éarllnsf(%rfners, greate a relationshi betw%en voItagC%and cu&rent necessary to
r res ﬁlcﬁ e. ow of electrical clurren %yon e ﬁﬁ% catl?n
perform eqectrlcal circuit functions. assive and active components are ed over the surface of

the semiconductoraiafet by @ Serresdfprotessesteps irwiuding doping, deposition, photolithography,

etching, and pIanarizatAonE. DOé)ingli troduces imgurities intotthe semigondu togmaferial bé/ teff?hniques

such as ion implantationcorlt\ﬁerr%a diffusion. The %B%%e&oﬁes‘f‘é’ re}]odlofjlferget%ie electrical - °
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. Each layer is generally
patterned to form portions of active components, passive
components, or electrical connections between components.

The layers can be patterned using photolithography,
which involves the deposition of light sensitive material, e.g.,
photoresist, over the layer to be patterned. A pattern is
transferred from a photomask to the photoresist using light.
The portion of the photoresist pattern subjected to light is
removed using a solvent, exposing portions of the underlying
layer to be patterned. The remainder of the photoresist is
removed, leaving behind a patterned layer. Alternatively, some
types of materials are patterned by directly depositing the
material into the areas or voids formed by a previous
deposition/etch process using techniques such as electroless and
electrolytic plating.

Depositing a thin film of material over an existing

pattern can exaggerate the underlying pattern and create a non-



conductivity of semiconductor material in active devices, transforming the semiconductor material into an
insulator, conductor, or dynamically changing the semiconductor material conductivity in response to an
electric field or base current. 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 the electric field or base current. Active and passive components are formed by

layers of MgtéRAR- With differettetéfical properties I He 1L canbéd6imed by aariety! of eposition
techniques-detesminagkinipart by, thertype aisnatenial being depasitad:&of exapmple, ithin film deposition
may involve chemical vapor deposition (CVD), physical vapor deposition (PVD% electrolytic plating, and
electroleSEPRERG ProcessbS 2BAEH Fyer ¥ géretaliy pAtishel o T67h Bortith edﬁ”a%ﬁvg tothponents,
passive campenents,ef electtisal cannectionsibeimeenceonpenansrmly f1Ehe layersean be patterned
using ph%t litho r,aéphé/, which invilves thege;%%sition of light sepsitive material, e.%., rEhot,or sist, over the
layer to be pAtsriéd. "A Paterh’ & vansi&ired o d photoria faoct%eO%o Srestit tsing'light Fhe portion
of the photoresiatipajtesa subjectedtadight ve remaved using radsalventoexpasing pattions of the

underlyin er to be patterned. The r inder of the phaotoresist is removed, leaying behind a patterned
layer. Altgroi\ga%(\]}re@?sgr%% t%lé:s? of r?\a?gra :l} grewﬁgt?é:rnéglb%/n(ﬁré%?lyldser%ﬁgﬁihg t?ﬁf\é?naterial into the
areas or vombs forvecdhby gprevious depositionfeteh predess usuty technigues ssichiasastedtroless and

electrolytic.plafing. 1, .. s - Repasitina a thin fim of matprial vt an exisino pAtecaexaaYprate the
underlying pattern and create a non-
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 tool or
saw blade. After singulation, the individual die are mounted to
a package substrate that includes pins or contact pads for
interconnection with other system components. Contact pads
formed over the semiconductor die are then connected to contact
pads within the package. The electrical connections can be made
with solder bumps, stud bumps, conductive paste, or wirebonds.
An encapsulant or other molding material is deposited over the
package to provide physical support and electrical isolation.
The finished package is then inserted into an electrical system
and the functionality of the semiconductor device is made
available to the other system components.

FIG. 4 illustrates electronic device 50 having a chip
carrier substrate or printed circuit board (PCB) 52 with a
plurality of semiconductor packages mounted on its surface.

Electronic device 50 may have one type of semiconductor package,



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 irregGfar Fopdgtapty, réEGfing In STMifoRRNRE Shrfaéskages, BgaeBAd ivarftfadtlifing refers to
cutting or=gipgulating ¢he. finished waferintmtheringdividuat diesand themneackagingthedlie ferstructural
support and environmental isolation. To singulate the die, the wafer is scored and broken along
non-funciofaitediont 6f the'whfdr el 3 sthdets br SEABES: THe wafer is singulated using a laser
cutting tool or saw bladel After singulation; the mdividyalisie aresmounted tona pagkagensubsirate that
includes pins or contact pads for interconnection with other system components. Contact pads formed
over the 8&Rftondictor l“‘ecgfédtlﬁﬁﬁocron%%gj%%lgt%sco%?a&%ﬁ S Withih' S?heoﬁagl?argee. The electrical
connectiaris-carhe madeiwith solder bunips; stud-bwraps, cenductive paste] v wirebdnds.aAn
encapsulant or other molding material is deposited over the package to prqvide sical support and
clectical SRt e AN patde RAHER MRLea it A Seataal Lidtom Sad 1 Rarctionaly of
the semictnductordeviceyislmade avaitable tathelother systemecompomnentsl digitRIG. 4 illustrates
electronig, deyige 50having,a chip, arrier ssirate o1 printed geeuit board (BER) 52,with g plurality of
semiconductor packages mounted on its surface. Electronic éewce 50 may have one type of
semiconductorpackages ordruitiple typés ofsermicondlgtor packages) dependihgorbthecgpplication. The
different ypes of semiqonductor packages are shown jn EIG. 4 for purposes; atillustrgtion.

Electronic device 50 may be a stand-alone system that uses the semiconductor packages to perform one
or more gleeiealsfuneticirs: Altehadtived) ersctronicdédice S50tmay be @suBcomponért of a larger
system. o example-electranic,device 50, may e, part,of a,callular phope spersongl digital assistant
(PDA), digital video camera (DVC), or other electronic communication device. Alternatively, electronic
device 5GERA b grIphideccard L retvork Hiteface Eams oF bihet’sigrtal pro&sssing dardth&tean be
Inserted E%%@&Q"H?Mt%%J@,S%i‘?@@@‘é‘%}%990@9@&3&@%@@i@&?p@ﬁeé%@férmemories’
application specific integrated circuits (ASIC), logic circuits, analog circuits, RF circuits, discrete devices,
or other s&it6RAGEEAfe dH&leCtFicslconiporents CrHAE RTimATUTizatidh antl the HeightFadaétibn are

essentialfaythese pradusts to beacceptedethesmarket sThe distancefetwesn semicenrdugtor devices
must be decreased to achieve higher density. In FIG. 4, PCB 52 provides a general substrate for

structuraPSUpPOrEan PBIekticdl tEfonnedtst tHé SeATICENRESISTEEKAGRS ABLHEd Oh the PCB.
Conductive sighaé trages 54 are doymedevera sudace-oewithigayersaf £GE 52 using evaporation,
electrolytic plating, electroless plating, screen printing, or other suitable metal deposition process. Signal
traces 54 provide for efgetrical commuricatioh B&EEnEach GFIRE S@micohdticts Fack8hes, mounted
componesits; ancuather exteral systeimn somponents] Tragesrabalsoqrovide fxower and ground
nnection f th micon r k .

co eCU%é%%E%%:J%gO?%SaC(%éggx%g%ﬁ%gge%n the PCB. Conductive signal

traces 54 are formed over a surface or within layers of PCB 52

using evaporation, electrolytic plating, electroless plating,

screen printing, or other suitable metal deposition process.

Signal traces 54 provide for electrical communication between

each of the semiconductor packages, mounted components, and

other external system components. Traces 54 also provide power

and ground connections to each of the semiconductor packages.

In some embodiments, a semiconductor device has two

packaging levels. First level packaging is a technique for
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In some embodiments, a semiconductor device has two packaging levels. First level packaging is a
technique for mechanically and electrically attaching the semiconductor die to an intermediate carrier.
Second level packaging involves mechanically and electrically attaching the intermediate carrier to the
PCB. In other embodiments, a semiconductor device may only have the first level packaging where the
die is mechanically and electrically mounted directly to the PCB. For the purpose of illustration,

several e G SAILVE FHkaGimRS ichiding Wirk®SéHd packayes6 5Ad AP e 58T afe-§hdvin on PCB
52. Additionally.-sevesal types ebsecond levelqaskagingy iclyding ball ggd afkay1(BGA) 60, bump chip
carrier (BCC) 62, dual in-line package (DIP) 64, land grid array (}GA), 66, multi-chip module (MOM) 68,
quad flatHONI8AdER padkagE (GRNT 76, 4 Gifad AEHACKAEGe TS ard Shbinhafitedbr PEB 52.
Depending upomr thecsystemnreguitemests, anyrcominationsehservicanductor packagesnaonfigured with
any combination of first and second level packaging styles, as well as other electronic components, can
be conne%?er{ to PEB 52'5n Softe-embbdi é)rﬁgqf %& 8ni‘<':”bee¥/ﬁ:et§t?in fudesa single attached
semiconaustorspackagey whilel otherermbedimentsecalhfos dnultiplednteycannected packages. By
combining one or morngem'c}?gducg_pr ggk%gfes. qver acgiggleosnubsérgt%rrg?n%factusrergfcan incorporate
pre-made components into electronic dévices and sy% ems. Becduse the semiconductor packages
include sophisticated¢unctioriadity] electronicldelices carnr be Imanufactukedyasing chedpérldgmponents

and a stregmiined manufagtring process,Ts resuting deviges are less kel fo gl and lgss expensive
to manufacture resultingin a lower cost for consumers. 5. ba-5¢ shiow é/s?emplary
semiconductonpackages. FEG:Gaillostrates furtiderdetait 6f DR 64 mouated OsGRCBB2. Semigonductor

die 74 inclydes ag Active regipp Foptaining analag qridigital clieuits implementied as agtve deyices,

passive array (LGA) 66, multi-chip module (MCM) 68, quad flat non-leaded
package (QFN) 70, and quad flat package 72, are shown mounted on
PCB 52. 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 52. In some
embodiments, electronic device 50 includes a single attached
semiconductor package, while other embodiments call for multiple
interconnected packages. By combining one or more semiconductor
packages over a single substrate, manufacturers can incorporate
pre—-made components into electronic devices and systems.
Because the semiconductor packages include sophisticated
functionality, electronic devices can be manufactured using
cheaper components and a streamlined manufacturing process. The
resulting devices are less likely to fail and less expensive to
manufacture resulting in a lower cost for consumers.

FIGs. 5a-5c show exemplary semiconductor packages.

FIG. 5a illustrates further detail of DIP 64 mounted on PCB 52.
Semiconductor die 74 includes an active region containing analog

or digital circuits implemented as active devices, passive
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devices, conductive layers, and dielectric layers formed within the die and are electrically Interconnected
according to the electrical design of the die. For example, the circuit may include one or more transistors,
diodes, inductors, capacitors, resistors, and other circuit elements formed within the active region of
semiconductor die 74. Contact pads 76 are one or more layers of conductive material, such as aluminum
(A1), copper (Cu), tin (Sn), nickel (Ni), gold (Au), or silver (Ag), and are electrically connected to the circuit
elementsTOTMER With? BETdohtticto? ¥ie 74. BUAnG H83&MbR ST DIRYEZ SenfitBrductor die™4 is
mounted t@ andntermediate carias J8rusiag aygoldrsiicen euteaticdayeraradhesiveomatesial such as
thermal epoxy or epoxy resin. The package body Includes an insulative packaging material such as
polymer &r-E&tamiC CortiittsMeads BOGrd Wire bbRds 82 Pt8vide eiéétricarifitetontivtt between
semiconductardie 74nandPGRo22. Encapsulait 84,is depeosited averibe package fereardrogmental
protection by preventing mqisture and particles from entering_the package and contaminating die 74 or
Wire bond€ 8307 51 ERt. S fiGburates fitier et BF BOC 5 Trbuhtsd b FCS 5%, Sefitconductor
die 88 is mouinted overseartiep 20 wsingrami inderdill or @poxy-cesip adbesiveamatesiab92 Whiterkonds 94
provide fi{%t level p(%ck%%ing Igl;cerc%nnn?&ggtvgien cont%cta%adasl% apld n%)8. mo&lding com round or
encapsulanf/ 100 is eposrfteld over semmiconducidr die 88 and wiré bonds 9& 0 p’rowag% ysical support
and electficalisolation fGrthe devides Cofifaot pagis 102 (@re)formed ovérasulfage of B 52aising a
suitable metal deposition process such as electrolytic plating or electrole lating ta prevent oxidation.
Contact DAt O St ek e S eiac 1 e o e oL e soal Haeah PR 52
Bumps 164mare forthed-betwdien cbhtactpadsngs of BA® 62 and cortactdpadsstOZzofhPCBE2: In
FIG. Sc. semioppduciar die, 5845 pounied face.dann tninteimediale opyrier 108, wilh g.fip chip stte frst
level packaging. Active region 108 of semiconductor die 58 contains analog or digital Circuits implemented
as active Helvicesn passive devices yeonductivel ety canthdielettric layers fametactsrding to the
electrical dgsign of the die- Forexample the clrcuit may inclyde;ong gpmore fransistors, diodes,
inductors, capacitors, resistors, and other circuit elements within active region 108. Semiconductor die 58
is electriciy ardimecRatieali dormieete P ERAERNET6 Birodgh Bntps 1HpnductoBGABYSs
electricalypand, meghanically. gannected 1o, PGB a2 with.a BGA style secandlevelpackaging using bumps

112. Semiconductor die 58 is electrically connected to conductive signal traces 54 in PCB 52 through

bumps 156%iGradines A1 49 aRd btinfgs1 FA A AroldingRemipouhditr efitapsSuldiP 286 i$deposited over
semicondygter digS8and caikier 106 40 provide physicalsupport-and elegtrical isolationdor the device.

The flip chip semiconductor device provides a short electrical conduction path from the active devices on

semicondttSrdiE S atiEtion fracks f PEB $25R Brddrtotedled Sighafpropagation distance,

lower capagcitange nand impreve overalkciteuit-pastormange.. In another embodiment, the semiconductor
die 58 can be mechanically and electrically connected directly to PCB 5% usirgg felgig chip style first level

packaging without intefm&diatcartief §bgates further detail of BC mounted
on PCB 52. Semiconductor die 88 is mounted over carrier 90

using an underfill or epoxy-resin adhesive material 92. Wire
bonds 94 provide first level packaging interconnect between
contact pads 96 and 98. Molding compound or encapsulant 100 is
deposited over semiconductor die 88 and wire bonds 94 to provide
physical support and electrical isolation for the device.
Contact pads 102 are formed over a surface of PCB 52 using a
suitable metal deposition process such as electrolytic plating
or electroless plating to prevent oxidation. Contact pads 102
are electrically connected to one or more conductive signal

traces 54 in PCB 52. Bumps 104 are formed between contact pads
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FIG. 6a shows, in relation to FIGs. 4 and 5a-5c, a semiconductor wafer 120 with a base substrate
material 122, such as silicon, germanium, gallium arsenide, indium phosphide, or silicon carbide, for
structural support. A plurality of semiconductor die or components 124 is formed on wafer 120 separated
by saw streets 126 as described above. FIG. 6b shows a cross-sectional view of a portion of
semiconductor wafer 120. Each semiconductor die 124 has a back surface 128 and an active surface 130

containing%rfalogof digftaPeiftuits Thplemérited as%etivé devites?passive devices, conductive layers,
and dielectric layers formed withinsthe dierane-elacteically miercennecied aesokding to-thegjaetrical
design and function of the die. For example, the circuit may include one or more transistors, diodes, and
other circtit et@mehBfrmEa vithin attve- SGrface B3t intplefrent an&Myeirctits or Uigiat circuits,
such as digitalsignal progessot D 5By DI ClL meerorys on Dthetsignal pracessig citcuita Semiconductor
die 124 may also contfan IPDs, such as inductors, capacitors, and resistors, for RF signal processing.

An insulating or dielect i%qé}?earjlﬁlig%frﬁg’d SV SRR Stitface T30 using PVD, VD, screen printing,
sSpin coatirgs spray ceatinge sintering] ot thermal oxidatipnahhe dstlatingdayer 232 eantamswere or more

layers of silicon dioxide (5i silicon nitride (Si3N4), silic ynitride (SiQN), tantalum pentoxide
(12205), SHAAPCAT S (A5 e berebeytlonoenE BOR pok B KASHIE (PE). or other
suitable diébectriccmaterial.nclude Amelectricadly €ondactiesiayersl34liscioamed Dveninsutating layer 132

using PVDa CVD electrol¥tic Ia%in Selectrgles&glating.proce S, 9f other, suitab ehmetal d@Position
process.%&%ﬁéﬁ\% Fa’yer iigsca% ¢ one or %oreez]fayelrg %P,i} S NiPALT g,l or 6ther suitable
electricallectnauctiVé matérali Conductiverlagiee134 operatés as contatt pads for electrical connection

to externglcireuits. 1 1, Apinsulating or passivation lgyer, 136 s farmed gver insulating layer 132 and
conductive layer 134 using PVD, CVD,

BGA 60 is electrically and mechanically connected to
PCB 52 with a BGA style second level packaging using bumps 112.
Semiconductor die 58 is electrically connected to conductive
signal traces 54 in PCB 52 through bumps 110, signal lines 114,
and bumps 112. A molding compound or encapsulant 116 is
deposited over semiconductor die 58 and carrier 106 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 58
to conduction tracks on PCB 52 in order to reduce signal
propagation distance, lower capacitance, and improve overall
circuit performance. In another embodiment, the semiconductor
die 58 can be mechanically and electrically connected directly
to PCB 52 using flip chip style first level packaging without
intermediate carrier 106.

FIG. 6a shows, in relation to FIGs. 4 and 5a-5c, a
semiconductor wafer 120 with a base substrate material 122, such
as silicon, germanium, gallium arsenide, indium phosphide, or
silicon carbide, for structural support. A plurality of

semiconductor die or components 124 is formed on wafer 120
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screen printing, spin coating, spray coating, sintering, or thermal oxidation. The insulating layer 136
contains one or more layers of Si02, Si3N4, SiON, Ta205, Al203, or other material having similar
insulating and structural properties. FIG. 6¢ shows another embodiment with an electrically
conductive layer 138 formed over active surface 130 using PVD, CVD, electrolytic plating, electroless

plating process, or other suitable metal deposition process. Conductive layer 138 can be one or more
layers of 2FRCH SR NPAUS AY, BF bftfer SuitableBle HREAN ESHULERRY Rraterial. Conductive layer 138

operates as contact padselectrcaliyoeannectadtosthecircuiss on active syfage ddPtion ofA build-up
interconnect structure 140 is formed over active surface 130 of semiconductor die 124. The build-up

interconn®TLSTIAOHE 188 intiides drf Blectritai) cORUUGRETAGECS Rtfstribtidfiayér (RISE) 142
formed usingfapattarntgaand Aretaldepeasitionirecess suchcas sptttering, lectralytieplating, and
electroleséis, plating. Conduc,ti%/e Iaﬁ}er 142 can ge one or more | %ers of Al, Cu, Sn, Ni,éAu, Ag, or other
suitable & ég’[ﬁESﬁy CONdULtivE mAtRST SheSortion 3t coRduiiveIayEr 145 5% 4ricaily Eorected to
contact padsdi38t Otherlportions obeandLictive dayer A 4P-carrbe etectrically conimon loe eteictrically
isolated %erp(f?ng'ine(lgi n the %sign a,gd function %fe%emicond ctor diceol%zh. tAn insEIating or

passivation layer is f6rmed around conductive Ia?/(é?:fﬁ %grgelectncalelsgl%t%gnﬂ%fznag PVD, CVD,

screen prirtingy spimcodtinge spray coatinge sintering, 0o thermmhoXxidatioheThe nsuidtingdayer 144
contains Qggé)éénore Iay%r]§ quO@OZ Si3N4., §%OON ,STaZCpldebéI%OS,a%r?ptg%rbmaterial having similar

. . e on e’ n ) ’ . er Cclrcult
Insulatlng an structurgl properties. IElrélS f lﬁustrate a porflon 0] Semlcoj?]duarorud}e

elements formed within active surface 130 to implement analog
circuits or digital circuits, such as digital signal processor
(DSP), ASIC, memory, or other signal processing circuit.
Semiconductor die 124 may also contain IPDs, such as inductors,
capacitors, and resistors, for RF signal processing.

An insulating or dielectric layer 132 is formed over
active surface 130 using PVD, CVD, screen printing, spin
coating, spray coating, sintering, or thermal oxidation. The
insulating layer 132 contains one or more layers of silicon
dioxide (Si02), silicon nitride (Si3N4), silicon oxynitride
(SiON), tantalum pentoxide (Ta205), aluminum oxide (A1203),
polyimide, benzocyclobutene (BCB), polybenzoxazoles (PBO), or
other suitable dielectric material.

An electrically conductive layer 134 is formed over
insulating layer 132 using PVD, CVD, electrolytic plating,
electroless plating process, or other suitable metal deposition
process. Conductive layer 134 can be one or more layers of Al,
Cu, Sn, Ni, Au, Ag, or other suitable electrically conductive
material. Conductive layer 134 operates as contact pads for
electrical connection to external circuits.

An insulating or passivation layer 136 is formed over

insulating layer 132 and conductive layer 134 using PVD, CVD,
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124 with a conductive TSV and insulating annular ring formed through the semiconductor die. In FIG. 7a,
a plurality of vias 146 is formed from back surface 128, opposite active surface 130, through
semiconductor die 124 and insulating layer 132 while in wafer form using laser drilling, mechanical
drilling, or deep reactive ion etching (DRIE) with mask. The vias 146 extend through insulating layer 132
to conductive layer 134. In one embodiment, vias 146 have a diameter or width W1 of 50-80 micrometers
(pm).  SCTERIFIRE. 7B Vidd 148 are il Wity Al, B, 35h, Mi2AU Ag, il W Sr'dtHer Stitable electrically
conductivermaierial sising=eleetralytic plating selegtroless pating prosess of Hihey siitable-metal
deposition process to form z-direction vertical conductive TSV 148. Conductive TSV 148 is electrically
connectddtb TohdtEive Rier134, S+3N4n ME e, dfteing Vial 1463kt tBfiductive material to
form conguetdei ESVHAS] Migsslotiarerfoimed froml hack surface 128 threugh sepueanductor die 124 and
insulating layer 132 using laser drilgn , mechanical drilling, or DRIE with mask. In particular, vias 150 are
formed around a peripﬁégrgl'or%o%téc’l ?c%ﬁ&ﬁg}% @§%§T§sn§nﬂiﬁgp h&lBs extending dow to
conductiveolayer 1 34 casl shawn irsBIG.otthdn onecembadiment, svias 166 have auwidthy Ve270f 10-25 pm
between SQBdu%t}ygc}%\é f4§.acnd tiaasce. semicg[lggg\t;)r aterialllt_ﬂzcz..rl ro(I:ré SEIG. (73% %r)%'nglrjlating or
dielectric material 1S eposﬁe& intd vias' using 0, VD, Screen grirﬁmg, sm?éring, or thermal
oxidationso fori &a insulatinglapnulat fing 1520 Fhe snsulatingimaterniat canwerons 6r mane tayers of
5102, SI3N4, SI]_QN Ta2 aA@IZf%B,JJﬁJI)ﬂrPiing%C;%hPB or therz§uitable %i%lgzé:tric matcear'ai.eFlG. 7f

onie Or mqore 1 ke, L su .
shows a p%n view of insula ng annular ring orme ar’oun%’the%’enpﬁery or outside of conductive

TSV 148 .eT_I@e: mnmmgyammmtgi 152 has @ﬂbwl_diele@tritsﬂcmtstm (k)a@eieéti‘i&atlap '@Dw;te gonductive
TSV 148 ith g contagtiesistance.andio capagitanee Hhe Iow-f Insulgting, annular ting 152 reduces

thermal and mechanical stress on conductive TSV 148. In addition, there is no insulating material residue
or need te&igarthel POV contact area of conductive layer 134 after forming insulating annular ring 152

because conductive TSV 1481has alreadyheen formed gver conductivedayer 134. forming conductive

TSV 148 prior to forming insulating annular ring 152 saves manufacturing cost. The insulating annular
ring 152 é&rt bEFored dith skibStadfiafgRovoigsictor dGs28a-8glingstrité hAotHer embodiment of

the condycfive T3W ydth-an insulating.annudarsring. Arlurality of Was 1544s formed, frgm-hack surface
128, opposite active surface 130, through semiconductor die 124 and insulating layer 132 while in wafer

form usintAiAser @linG FThecrared trMinte BEDRIBRAith hiaskLas BREWH $1 G 28a. The vias 154

extend thraugh insulatinglayerk32 tosegneuictive Jaysr 434 s ere.embodipent; ¥iasnkp4 have a

diameter or width W1 of 50-80 pm. . .
electrolytic plating, and electroless plating. Conductive layer

142 can be one or more layers of Al, Cu, Sn, Ni, Au, Ag, or
other suitable electrically conductive material. One portion of
conductive layer 142 is electrically connected to contact pads
138. Other portions of conductive layer 142 can be electrically
common or electrically isolated depending on the design and
function of semiconductor die 124.

An insulating or passivation layer 144 is formed
around conductive layer 142 for electrical isolation using PVD,
CVD, screen printing, spin coating, spray coating, sintering, or
thermal oxidation. The insulating layer 144 contains one or
more layers of Si02, Si3N4, SiON, Taz05, Al203, or other
material having similar insulating and structural properties.

FIGs. 7a-7f illustrate a portion of semiconductor die
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In FIG. 8b, an electrically conductive material 156, such as Al, Cu, Sn, Ni, Au, Ag, Ti, or W, is conformally
deposited over the sidewalls of vias 154 using electrolytic plating, electroless plating process, or other
suitable metal deposition process to form z-direction vertical conductive TSV 156. Conductive TSV 156 is
electrically connected to conductive layer 134. In FIG. 8c, the remaining portion of vias 154 is
filled with an insulating or dielectric material using PVD, CVD, screen printing, sintering, or thermal

oxidationt6 ot & ifs AN Eore 58" Thefculatiny tore 158 TaR'bEGne oF fhof@TaY&Ts of Si02,
Si3N4, SION 13205282 malymide BOBa PBO, arrotieicsuitable diejectic material£The insulating
core 158 provides thermal and mechanical stress relief for conductive TSV 156. In FIG. 8d, after
forming £ﬁ@u&ﬁ\/ef?§wef§6fﬁﬁ&1ir}%ﬁﬂiin§%§3%8]1'% ViasPEA 1A 166 b forMEaliisin back surface
128 througdusericpadyetos diei 12 and tnsulating layer 132 usingdaseridriling yaechagical drilling, or
DRIE with mask. |n partigular, vias 160 are firmed around ageripherg or o,utsi%egf cgnductive TSV 156
and insul&tiig Gord 158 55 anhUfl hfes ExteRding down to S5HdURTIVE TaY/eF 134 - one Bffbodiment,
vias 160 bavelaapidthe W af/E0-26rpm behween iMSRIERINgwore 158 and bagessemiconddétor material
122. FIG. 8e shaws a plan.view of yias 160, conductive TSV 156, and insulating core . In FIG.
81, an InSCIEr IR P & RbOLAd Tt has F60 CAG B VD), Shrcen prindi,
sintering corethenmalcoxidation toiferm ladvinsalating aninatee ring k62. WwhethsWating niatettdl can be one
or more Iranxecrrsoc%g SﬁlOZr Sif(sNrﬁf) SION, Ta205, Al203, polyimide, BOB, PBO, or other suitable dielectric
material. FIG. gg shows a plan view of insulating annular ring 162 formed around the periphery or
outside of conductive TSV 056 antkinsulating téfe 58. The insdlatingtankularding 562 hds a Low k to

electrically jsolate cqndugive TSV, 156 with Iow.contactresistance,and low, capacjtgnce. The low-k
insulating annular ring 162 and insulating core 158 reduce thermal and mechanical stress on conductive
TSV 156Mmtgddiidn, URérdis hbsinsulafing heaterdaltresiueoradedadbstsarrthet TSY contact area of

conductive, ayec 134 ftep arming insulagng afular ring,Le2 becatse-canductive TEY 156 bas already

been formed over conductive layer 134. Forming conductive TSV 156 prior to forming insulating annular

ring 162 Saveathaftfactitingedst CPRe! istiatimganhuldrding £62:eas bevsrmed withSsubstantially no

VoidS.  clectrically connected to conductive layer 134.

In FIG. 7c, after filling vias 146 with conductive
material to form conductive TSV 148, vias 150 are formed from
back surface 128 through semiconductor die 124 and insulating
layer 132 using laser drilling, mechanical drilling, or DRIE
with mask. In particular, vias 150 are formed around a
periphery or outside of conductive TSV 148 as annular holes
extending down to conductive layer 134, as shown in FIG. 7d. In
one embodiment, vias 150 have a width W2 of 10-25 pm between
conductive TSV 148 and base semiconductor material 122.

In FIG. 7e, an insulating or dielectric material is
deposited into wvias 150 using PVD, CVD, screen printing,
sintering, or thermal oxidation to form an insulating annular
ring 152. The insulating material can be one or more layers of
Si02, Si3N4, SiON, Taz205, Al203, polyimide, BCB, PBO, or other
suitable dielectric material. FIG. 7f shows a plan view of

insulating annular ring 152 formed around the periphery or
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FIGs. 9a-9f illustrate another embodiment of the conductive TSV with an insulating annular ring. A
plurality of vias 164 is formed from back surface 128, opposite active surface 130, through semiconductor
die 124 and insulating layer 132 while in wafer form using laser drilling, mechanical drilling, or DRIE with
mask, as shown in FIG. 9a. The vias 164 extend through insulating layer 132 to conductive layer 134. In
one embodiment, vias 164 have a diameter or width W1 of 20-40 pm. In FIG. 9b, vias 164 are
filled wittPAL TS Ni CRUORG TRV, 'or bitéPsuitableelbBicaflyr E8Ad G&tve Ratetial dsihg €lectrolytic
plating, elecirolessoplating peacess col-ethet suitable metal depasition-process o foyaez-direction vertical
conductive TSV 166. The smaller vias 164 allow for faster deposition of the conductive material.
Conductif&FEV 166 & dledirically Bomledi8d 15 BRAGvETIayer E3Ee 219 IREIG. 9c, after filling vias
164 with eapductivervateriafrtosformwcandustive A8Vn6G nasl 168 atentprmed frembagk surface 128
through semiconductor die 124 and i ulating layer 132 us'n%laser driIIingjL echanical drilling, or DRIE
with mask - pKHic @A Viks 168 éFe&f'fs)r%%ﬁ around acﬁerﬁ%h Iy OF olitside 6F condtittive TSV 166 as an
annular holel éxtending-tiewie td sonductivedayeriliid4d, mstshonmlintd 6i @de Iroeneembodiment, vias 168

have a Wldf]'f[]h W2 of 30- &prgobceifwegn conductjve TSV 166.and %s%gemgc%)ngyggorr r’r%aterlal 122, which

is greaterC %%nwia{he of Sondiittive TsV'166. < MUIRFIG. e’ af insu ating or diefeCiric material is

deposited into ViEsitBs asing RMD rCW D, Steersurintisg, spindcoatingesifitéring4 ér thesmal oxidation to

form an insulating. a nular_ gg(?ery% The insulat(ijq%materi can bel%r}le or Engrre g_zﬁ:ers of S102, SI3N4,

I
SION, Ta? %e%\ 0 ,er:)%?ylml §,VI§§O?%?0 et—fls\ﬂ(lata le’dielectric material. The larger width of vias

168 alloy\@ﬁmd}spitrﬁor;atiﬁg\éslﬁ ppﬂdmo d@p(fsitfpdlymeimel_iﬂs@ullaﬁngma;éﬂal. ring 1_526. 9f shows
a plan view of insylating annylar fing.1,¢Q formgd aroynd the periphery, or quisidg of copductye TSV 166.

The insulating annular ring 170 has a low k to electrically isolate’conductive TSV 166 with low contact
resistancesandlohecapacithncel e ioht R insulatingvaniriléar ring 170 reduces thermal and mechanical

stress on conductive TsV;166.41 agldition; thare is no insilating material residue er pged to clean the

TSV contact area of conductive layer 134 after forming insulating annular ring 170 because conductive

TSV 166 ¢asEeatybeenforhed over édrductiveayer I3l TormirtPconduciva TS\ 186 pfior to

forming iggylatingsannulak Fing.dd0 saygs manufacturng cost Jhejpsuating agnulaygng 170 can be
formed with substantially no voids. FIGs. 10a-10f lllustrate another embodiment of the conductive

TSV withSH FR6Rtihg Gnntlr R ASSITERRR 6 G5 1 79 36 forAfb cPREmITEkIStiFaRE 198Y ®bposite

active surfgge 130, threugh, sericondugtoy, sie, 124 apd.insylating layer 432 nhiledn wafer form using
laser drilling, mechanical drillin}% or DRIE with mask, as shown in FIG. 10a. The vias 174 extend through

insulating'fayér 182 to 8ondictiveiayer 184 in oné ethbdtdiment, \ids 174 have adidnterorwidth Wi of
50-80 pmsxtend through insulating layer 132 to conductive layer 134. 1In

one embodiment, vias 154 have a diameter or width W1 of 50-80
um.

In FIG. 8b, an electrically conductive material 156,
such as Al, Cu, Sn, Ni, Au, Ag, Ti, or W, is conformally
deposited over the sidewalls of vias 154 using electrolytic
plating, electroless plating process, or other suitable metal
deposition process to form z-direction vertical conductive TSV
156. Conductive TSV 156 is electrically connected to conductive
layer 134.

In FIG. 8c, the remaining portion of vias 154 is
filled with an insulating or dielectric material using PVD, CVD,

screen printing, sintering, or thermal oxidation to form an
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In FIG. 10Db, vias 174 are filled with Al, Cu, Sn, Ni, Au, Ag, Ti, W, or other suitable electrically conductive
material using electrolytic plating, electroless plating process, or other suitable metal deposition process
to form z-direction vertical conductive TSV 176. In this case, conductive TSV 176 extends above back
surface 128. The protruding conductive TSV 176 enable semiconductor die 124 to be mounted directly on

contact pads of a stacked device or substrate. Conductive TSV 176 is electrically connected to conductive
layer 134-nSuLatiRe §OT6e, tter fillihgSiad £ 74 WithCordtietve: nfatéidl 15 Fornt BoRdudtiveSTSV 176,

vias 178 ars formegddromback sugface 1283krougivsemicandactor gie1l24and jnsedatingdayer 132 using
laser drilling, mechanical drilling, or DRIE with mask. In particular, vias 178 are formed around a periphery

or outsid& bf BEAGTCVE TSV 176 5S4 Shndiar REleextériding Hown o ebiiutive fyeF 134 as shown
in FIG. 1@e.dn anesermhedimeant avias i 8havesn widih W2 of 18125-pmeetween LonductverESV 176
and base semiconductor material 122. In FIG. 10e, an insulating or dielectric material is
deposite&%netrg vias 178 using PVD, CVD, screen printing, sintering, thermal oxidation, or combination of
masking and CVD to farm andnsutatingaanritaring186. The thsutating materiab 6ambe one or more

layers of 5i02, Si3N4, SiON, T , Al203, polyimjde, BCB, PBQO, or ot%er suitgble dielectric material.
I, 101 SRR AN vidhy 8t BRtiadiha SRl i) TEOOEd dbind T Bartdraty o BLtside of
conductiveaT ¥/ 6L Thetihsulatihg aandlap nidg di80rhasia loviz k te miectncallydasalate denductive TSV

176 with h contact r%istance anq iow capacita}pceﬂ Th Iow-kliﬁulatin% J‘?nBHIfﬁ riwg tJhSO reduces

thermal an mlé(S:F}zralr%calasstreerssdornlconl(ﬂj%ﬁvlren ﬁ%\?i'}ga\% gdrd%tlon,rtlﬁére IS no Insulating material residue

or need toatean t_héﬂ@‘dlcbhtacl area Uﬁ@(mdm:@iv@mefqmeaiteiﬁ_@mmﬁgdnmmm{jlamularring 180
because gopdyciive ESY. 176 has; qlready; peensformed qyer, conductive Jayer 3. Forming, ggpductive

TSV 176 prior to forming insulating annular ring 180 saves manufacturing cost. The insulating annular
ring 180 tar be feried dithsubstantibfly aovedids: ive lawGslhd-hg ifustrate another embodiment of

the condugtiye SV with an insulating, annulay ring A plysality. of vias 484 is formed from back surface

128, opposite active surface 130, through semiconductor die 124 and insulating layer 132 while in wafer
form usinghlaserdriling, Aechanical drflinee oF DFRARWIH AaskCas BR6WA 17 FIG 2Ra. THe Gias 184

extend thgaugh, Bulatinglayer 132, togonductive yer d344nene empogiment, viasdle4 have a
diameter or width W1 of 50-80 fm.
insulating core 158.

In FIG. 8f, an insulating or dielectric material is
deposited into wvias 160 using PVD, CVD, screen printing,
sintering, or thermal oxidation to form an insulating annular
ring 162. The insulating material can be one or more layers of
Si02, Si3N4, SiON, Taz205, Al203, polyimide, BCB, PBO, or other
suitable dielectric material.

FIG. 8g shows a plan view of insulating annular ring
162 formed around the periphery or outside of conductive TSV 156
and insulating core 158. The insulating annular ring 162 has a
low k to electrically isolate conductive TSV 156 with low
contact resistance and low capacitance. The low-k insulating
annular ring 162 and insulating core 158 reduce thermal and
mechanical stress on conductive TSV 156. In addition, there is
no insulating material residue or need to clean the TSV contact

area of conductive layer 134 after forming insulating annular
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In FIG. 11Db, vias 184 are filled with Al, Cu, Sn, Ni, Au, Ag, Ti, W, or other suitable electrically conductive
material using electrolytic plating, electroless plating process, or other suitable metal deposition process
to form z-direction vertical conductive TSV 186. Conductive TSV 186 is electrically connected to
conductive layer 134. In FIG. 11c, a portion of conductive TSV 186 is removed by an etching
process such that the top surface of conductive TSV 186 is below back surface 128. The recessed

conductive TV 1186 Qfi forGERHY o Bortatt piug, Sach < a35tiHp oTRdHCE h&iYRT of
semicondugtardie k24. 1ayer IBEIG. Fukmaftes filingaias 184 withconslsiciive materal to form
conductive TSV 186 and etching back the conductive TSV below back surface 128, vias 188 are formed
from the hAER$tHace tHioagH Bemicundtdtor die ¥24 AndIASASHAG TAYer £33 usitg 138 drilling,
mechanical drillingy 06 DRIG withhinask. hiparticular, vias 188 are-fasmediarpusdiasperiphesy of outside of
conductive TSV 186 as an annular hole extending down to conductive layer 134, as shown in FIG. lie. In
one emb8diment, Vias 188 have a width W2 of 10-25 pm between conductive TSV 186 and base
semiconductor materiat 122.. 9a-9 fIniRIG:1 dif rartkmsulating @r dielectticmaaterialfis tdeposited into vias

188 usin%gr\i/%cc&\{[‘;éscirgﬁnvg)rg%n% sinteringalch.ermal oxid?gon, ar combiRati(?n ggrfgskingﬁand CVD to

form an insulating annular rlngjl ﬂeJl“rrllssulfatlnglrrh%téarflarf%an]‘ber&ﬁleqér more éﬁ/ers oFél , SI3N4,

SION, Ta205s AlZ0B, polyfmite; BB cRBO: ok other Saiitableddielecticanatesiahctive  FIG. hg shows a
plan view_of ig ulati nnular rin h190 formed around the. er'ﬂﬁfr or, outside of conductive TSV 186.
The insul?ﬁllﬁg ga%%u?a%f (?i'ng% 0has a Tow chtgne(?élcctlﬁggllyc?é%late cor%éll?cti%/g iég%\nt oW contact
resistancé&hdifowleapatitande rTHeolow-k fnsulatingsammudaridng 290 redudesthemtal and mechanical

stress on gondyetive TSV 1864 adgjtion, there Is nojinsylating paterial gesidye or peed tq glean the
TSV contact area of conductive layer 134 after forming insulating annular ring 190 because conductive
TSV 186+isissairtadyisaentfoimed byei conduwctlive layet 134. Foning-corrlubtive TSV £86 pfior to

forming insplating,annylarnting 190 sayes manufactuging,cost. The,ingylating ganular sipg 490 can be
formed with substantially no voids. FIGs. 12a-12f lllustrate another embodiment of the conductive
TSV withHfr insulating annular ring. A plurality of vias 194 is formed from back surface 128, opposite

active surface 130, threugh-semicpndugtor die 324 and irsulating layen 132 while in gyafefsform using
laser drilling, mechanical drilling, or DRIE with mask, as shown in FIG. 12a. The vias 194
Au, Ag, Ti, W, or other suitable electrically conductive
material using electrolytic plating, electroless plating
process, or other suitable metal deposition process to form z-
direction vertical conductive TSV 166. The smaller vias 164
allow for faster deposition of the conductive material.
Conductive TSV 166 is electrically connected to conductive layer
134.

In FIG. 9c¢, after filling vias 164 with conductive
material to form conductive TSV 166, vias 168 are formed from
back surface 128 through semiconductor die 124 and insulating
layer 132 using laser drilling, mechanical drilling, or DRIE
with mask. In particular, vias 168 are formed around a
periphery or outside of conductive TSV 166 as an annular hole
extending down to conductive layer 134, as shown in FIG. 9d. 1In
one embodiment, vias 168 have a width W2 of 30-50 pm between

conductive TSV 166 and base semiconductor material 122, which is
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extend through insulating layer 132 to conductive layer 134. In one embodiment, vias 194 have a
diameter or width W1 of 50-80 pm. In FIG. 12D, vias 194 are filled with Al, Cu, Sn, Ni, Au, Ag, Ti,
W, or other suitable electrically conductive material using electrolytic plating, electroless plating process,
or other suitable metal deposition process to form z-direction vertical conductive TSV 196. Conductive

TSV 196 is electrically connected to conductive layer 134. In FIG. 12c, after filling vias 194 with
conductivE Ffatéital t6 fotnt'éatidudfive TS\F 296 Wihd 198 e fdifed from back surface 128 through

semiconductor die 124mand-insulagiag layerik32uusing fases Aridingi sechanicakddlling,10riRRIE with
mask. In particular, vias 198 are formed around a periphery or outside of conductive TSV 196 as an

annular HOT® 8%tehthg ddvin Yo fisuldting18y&iA 32/ Bnd terhhinati &t adtive SutfaZe 130! As shown in
FIG. 12dclheane.gmbedimenti vigs 198 haveranwidib\Wa0f 16n2% pnrbetween consductive 1§V 196 and
base semiconductor mater In FIG. 12e, an insulatjng or d'ﬁ)lectric material is deposited into

ial 122. .

vias 198 0Sihg DF&%,];IZ:?;'en Stiting SHtering: Srifimiai Dxidations forT aRin&fafing annular
ring 200. Thesinsulating taeterialicandbe shewy nmaredayers of G102pSI3N4, iISION, Bla2052 BdR03,
polyimide, BCB, PBO, or other suitable dielectric material. FIG. 12f show lan view of
o lating ni g D00 Tonr e AR (o pe ey 87 uts Mo rdEEtve 12 196, Hnsulating
annular ring82G0 has a |dwik terelectricaltyi isglate cenductivecFSY d 98ayitislow caritacknesisyarce and
low capacitance. The low-k insulating annular ring 200 reduces thermal and mechanical stress on

FECP ok T daditn

conductive 196. 1 a ition, there is no insulating material residue or need to clean the TSV contact

area of conductive layét134 éfferSfbnwmgainQLllating’ aﬁwulaf rihgmsemuﬁactiveiﬁsy 196 h_as
already beep formed ovet conductive layer 134. Forming condugtive, TSV, 196, pog o iprming insulating

annular ring 200 saves manufacturing cost. The insulating annular ring 200 can be formed with
substantiaflp no vbigs,. insulating annular ring 170 has a low k to

electrically isolate conductive TSV 166 with low contact
resistance and low capacitance. The low-k insulating annular
ring 170 reduces thermal and mechanical stress on conductive TSV
166. In addition, there is no insulating material residue or
need to clean the TSV contact area of conductive layer 134 after
forming insulating annular ring 170 because conductive TSV 166
has already been formed over conductive layer 134. Forming
conductive TSV 166 prior to forming insulating annular ring 170
saves manufacturing cost. The insulating annular ring 170 can
be formed with substantially no voids.

FIGs. 10a-10f illustrate another embodiment of the
conductive TSV with an insulating annular ring. A plurality of
vias 174 is formed from back surface 128, opposite active
surface 130, through semiconductor die 124 and insulating layer
132 while in wafer form using laser drilling, mechanical
drilling, or DRIE with mask, as shown in FIG. 10a. The vias 174
extend through insulating layer 132 to conductive layer 134. 1In

one embodiment, vias 174 have a diameter or width W1 of 50-80

um.
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FIGs. 13a-13f illustrate another embodiment of the conductive TSV with an insulating annular ring. A
plurality of vias 204 is formed from back surface 128, opposite active surface 130, through semiconductor
die 124 to conductive layer 138 while in wafer form, see FIG. 6c, using laser drilling, mechanical drilling,
or DRIE with mask, as shown in FIG. 12a. In one embodiment, vias 204 have a diameter or width W1 of
50-80 pm. In FIG. 13D, vias 204 are filled with Al, Cu, Sn, Ni, Au, Ag, Ti, W, or other suitable
electrically conductive Matér&l ustiPelettdftic pfatiigs ef%b%‘f’é%s‘“ﬁl&ﬂih&%mc%gs, oroth8r-suitable

metal depesitionyprocessitg farm z+irection verisakcendustive JSM 206 saanductive TSV 206 is
electrically connected to conductive layer 138. In FIG. 13c, after filling vias 204 with conductive

material {67ofh COhdUEIVEI TEVESUE, Vias208 Bretfotmidgd fror batk Sarfac® 128 tRbugh semiconductor
die 124 using-laser, dilling,oneehanicalgsilingnof LR IEawits maskn Inopadiedlar,nsas 208 are formed
around a periphery or outside of conductive TSV 206 a an annular ig)le extending down to conductive

layer 138 and termitiatiig at active SUHARS 1507 as Showhin FIGT 138 1R SHeSEmboaMIeHi viss 208 have
a width W2 of 105pmdetweabcoadbetive EIY 206carndBase semigonduciod magerial 122. In
FIG. 13e, an Insulating .ngs‘?}e'f%'ce@%ef_@' L?ed%pcoégggﬁ@tgrv'%;foﬁi'F‘QOP%Q' fo Lol printing,
sintering, or thermal oxidation t0 form an msulaﬁng annular ring 0. The insulating material can be one
or more ladyersadf 1Si02rSiBd4; SIONpFa205,FAR03Epalyrmide cBOB; RBO sortatherswitable dielectric
material. FIG, 1%%@]1 a plan Yiew of.inSliIfiltin nnular ring.210 formed around the periphery
or outsidg %?%gr? Uctive TS \A(l% ‘f e nsu z;:t}:nlgcél‘jnnLﬁal%r@lglr?é1 %% %%staologvoﬁr?{ouglté%:ﬁﬁza 3?71 ?]seo%ate
conductivie3 TSV 206 with low contact resistance and low capacitance. The low-k insulating annular ring

210 reduces thermal ag mechanicg stregs op congyste TOY206, n agdiion. fhere (.08 insulating

material residue or need to clean the TSV contact area of conductive layer 138 after forming insulating
annular ritR)t210-becdisefcomduetivel TSVA 266 Ras alréady Heen farnfedoverfeonthétive fayer 134.

Forming ganguctive £3). 206 prioy o, forming jnsulating annulay ing 210 gﬂ\ﬁesimﬁ@ygq%@ng cost. The

insulating annular ring 210 can be formed with substantially no voids. =~ While one or'more
embodimentSsf thedpresémdnveriton KavelBeawilusratedrn ertail the skiNdd aftisariwill appreciate that

modificatipns.andiadaptations,to-thpsg embodiments may be-madeyithout departing from the scope of
the present invention as set forth in the following claims.
periphery or outside of conductive TSV 176 as an annular hole

extending down to conductive layer 134, as shown in FIG. 10d.
In one embodiment, vias 178 have a width W2 of 10-25 um between
conductive TSV 176 and base semiconductor material 122.

In FIG. 10e, an insulating or dielectric material is
deposited into wvias 178 using PVD, CVD, screen printing,
sintering, thermal oxidation, or combination of masking and CVD
to form an insulating annular ring 180. The insulating material
can be one or more layers of Si0O2, Si3N4, SiON, Ta205, Al1203,
polyimide, BCB, PBO, or other suitable dielectric material.

FIG. 10f shows a plan view of insulating annular ring
180 formed around the periphery or outside of conductive TSV
176. The insulating annular ring 180 has a low k to
electrically isolate conductive TSV 176 with low contact
resistance and low capacitance. The low-k insulating annular

ring 180 reduces thermal and mechanical stress on conductive TSV
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Claims What is claimed: 1. A method of making a semiconductor device, comprising: providing a
semiconductor wafer; forming an insulating layer over an active surface of the semiconductor wafer;
forming a conductive layer over the insulating layer; forming a first via from a back surface of the
semiconductor wafer, opposite the active surface, through the semiconductor wafer and insulating layer to
thecond%gﬁyéLé%?“addition there is no insulating material residue or
’ g
need to clean the TSV contact area of conductive layer 134 after
forming insulating annular ring 180 because conductive TSV 176
has already been formed over conductive layer 134. Forming
conductive TSV 176 prior to forming insulating annular ring 180
saves manufacturing cost. The insulating annular ring 180 can
be formed with substantially no voids.

FIGs. lla-11g illustrate another embodiment of the
conductive TSV with an insulating annular ring. A plurality of
vias 184 is formed from back surface 128, opposite active
surface 130, through semiconductor die 124 and insulating layer
132 while in wafer form using laser drilling, mechanical
drilling, or DRIE with mask, as shown in FIG. 1la. The vias 184
extend through insulating layer 132 to conductive layer 134. 1In
one embodiment, vias 184 have a diameter or width W1 of 50-80
um.

In FIG. 1lb, vias 184 are filled with Al, Cu, Sn, Ni,
Au, Ag, Ti, W, or other suitable electrically conductive
material using electrolytic plating, electroless plating
process, or other suitable metal deposition process to form z-
direction vertical conductive TSV 186. Conductive TSV 186 is
electrically connected to conductive layer 134.

In FIG. 1lc, a portion of conductive TSV 186 is
removed by an etching process such that the top surface of
conductive TSV 186 is below back surface 128. The recessed
conductive TSV 186 allow for mounting of a contact plug, such as
a bump, to reduce the height of semiconductor die 124.

In FIG. 11d, after filling vias 184 with conductive
material to form conductive TSV 186 and etching back the
conductive TSV below back surface 128, wvias 188 are formed from

the back surface through semiconductor die 124 and insulating
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depositing a conductive material in the first via to form a conductive through silicon via (TSV); after
forming the conductive TSV, forming a second via around the conductive TSV from the back surface of
the semiconductor wafer through the semiconductor wafer and insulating layer to the conductive layer;
and depositing a first insulating material in the second via to form an insulating annular ring. 2. The
method of claim 1, further including depositing a second insulating material in the first via to form an

insulating-8ditwithin tHe tBAddGRRT SV + 31 FRE mERO Dt thih £HdrthdriRcludingfehioving a portion

of the coRduativealsxV, to adeyelbelow the-back surfacesotthe semigerducterwafes. above the back
surface of the semiconductor wafer.

periphery or outside of conductive TSV 186 as an annular hole
extending down to conductive layer 134, as shown in FIG. 1lle.
In one embodiment, vias 188 have a width W2 of 10-25 um between
conductive TSV 186 and base semiconductor material 122.

In FIG. 11f, an insulating or dielectric material is
deposited into wvias 188 using PVD, CVD, screen printing,
sintering, thermal oxidation, or combination of masking and CVD
to form an insulating annular ring 190. The insulating material
can be one or more layers of Si02, Si3N4, SiON, Taz05, Al203,
polyimide, BCB, PBO, or other suitable dielectric material.

FIG. 1llg shows a plan view of insulating annular ring
190 formed around the periphery or outside of conductive TSV
186. The insulating annular ring 190 has a low k to
electrically isolate conductive TSV 186 with low contact
resistance and low capacitance. The low-k insulating annular
ring 190 reduces thermal and mechanical stress on conductive TSV
186. In addition, there is no insulating material residue or
need to clean the TSV contact area of conductive layer 134 after
forming insulating annular ring 190 because conductive TSV 186
has already been formed over conductive layer 134. Forming
conductive TSV 186 prior to forming insulating annular ring 190
saves manufacturing cost. The insulating annular ring 190 can
be formed with substantially no voids.

FIGs. 12a-12f illustrate another embodiment of the
conductive TSV with an insulating annular ring. A plurality of
vias 194 is formed from back surface 128, opposite active
surface 130, through semiconductor die 124 and insulating layer
132 while in wafer form using laser drilling, mechanical

drilling, or DRIE with mask, as shown in FIG. 12a. The vias 194
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5. The method of claim 1, wherein a width of the conductive TSV is less than a width of the insulating
annular ring. 6. The method of claim 1, wherein a width of the conductive TSV is greater than a width of
the insulating annular ring. 7. A method of making a semiconductor device, comprising: providing a
semiconductor wafer; forming a first via through the semiconductor wafer; depositing a conductive
material in the first via to form a conductive via; after forming the conductive via, forming a second via

around ¢GRIV YRPthroagh te <eificbAdGctot wafer® af@ U dkpdsiting BSfrstlindulating material
in the second vane darme an insulating vng.n 8 Ehe methed ©f elayp 7, furtheninclydingo —so

um.

In FIG. 12b, vias 194 are filled with Al, Cu, Sn, Ni,
Au, Ag, Ti, W, or other suitable electrically conductive
material using electrolytic plating, electroless plating
process, or other suitable metal deposition process to form z-
direction vertical conductive TSV 196. Conductive TSV 196 1is
electrically connected to conductive layer 134.

In FIG. 12c¢, after filling vias 194 with conductive
material to form conductive TSV 196, vias 198 are formed from
back surface 128 through semiconductor die 124 and insulating
layer 132 using laser drilling, mechanical drilling, or DRIE
with mask. In particular, vias 198 are formed around a
periphery or outside of conductive TSV 196 as an annular hole
extending down to insulating layer 132 and terminating at active
surface 130, as shown in FIG. 12d. In one embodiment, vias 198
have a width W2 of 10-25 pm between conductive TSV 196 and base
semiconductor material 122.

In FIG. 12e, an insulating or dielectric material 1is
deposited into wvias 198 using PVD, CVD, screen printing,
sintering, or thermal oxidation to form an insulating annular
ring 200. The insulating material can be one or more layers of
Si02, Si3N4, SiON, Taz205, Al203, polyimide, BCB, PBO, or other
suitable dielectric material.

FIG. 12f shows a plan view of insulating annular ring
200 formed around the periphery or outside of conductive TSV
196. The insulating annular ring 200 has a low k to
electrically isolate conductive TSV 196 with low contact
resistance and low capacitance. The low-k insulating annular

ring 200 reduces thermal and mechanical stress on conductive TSV
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forming an insulating layer over an active surface of the semiconductor wafer; and forming a conductive

layer over the insulating layer. 9. The method of claim 8, wherein the conductive via and insulating ring

extend to the conductive layer. 10. The method of claim 7, wherein the insulating ring terminates at a

surface of the semiconductor wafer. 11. The method of claim 7, further including depositing a second

insulatingﬁmaterial in the first via to form an insulating core within the conductive via. 12. The method of
f

claim 7, firther inbludirém&¥ing J5drfior of i dorftictive W fifd fdveR befofird SHRale of the

semicongiicter wafeflean the TSV contact area of conductive layer 134 after
forming insulating annular ring 200 because conductive TSV 196
has already been formed over conductive layer 134. Forming
conductive TSV 196 prior to forming insulating annular ring 200
saves manufacturing cost. The insulating annular ring 200 can
be formed with substantially no voids.

FIGs. 13a-13f illustrate another embodiment of the
conductive TSV with an insulating annular ring. A plurality of
vias 204 is formed from back surface 128, opposite active
surface 130, through semiconductor die 124 to conductive layer
138 while in wafer form, see FIG. 6c, using laser drilling,
mechanical drilling, or DRIE with mask, as shown in FIG. 12a.

In one embodiment, vias 204 have a diameter or width W1l of 50-80
um.

In FIG. 13b, vias 204 are filled with Al, Cu, Sn, Ni,
Au, Ag, Ti, W, or other suitable electrically conductive
material using electrolytic plating, electroless plating
process, or other suitable metal deposition process to form z-
direction vertical conductive TSV 206. Conductive TSV 206 1is
electrically connected to conductive layer 138.

In FIG. 13c, after filling vias 204 with conductive
material to form conductive TSV 206, vias 208 are formed from
back surface 128 through semiconductor die 124 using laser
drilling, mechanical drilling, or DRIE with mask. 1In
particular, vias 208 are formed around a periphery or outside of
conductive TSV 206 as an annular hole extending down to
conductive layer 138 and terminating at active surface 130, as
shown in FIG. 13d. In one embodiment, vias 208 have a width W2
of 10-25 um between conductive TSV 206 and base semiconductor

material 122.
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13. The method of claim 7, wherein the conductive via extends above a surface of the semiconductor
wafer. 14. A method of making a semiconductor device, comprising: providing a semiconductor die;
forming a first via through the semiconductor die; depositing a conductive material in the first via to form a
conductive via; forming a second via outside the conductive via through the semiconductor die; and
depositing a first insulating material in the second via to form an insulating ring. 15. The method of claim

14, further including: I Pfofrhfry drf frsufdtingAayerdvidt AnPactiveSstifalce 1ot tHE semicohdiitor die; and

deposited into wvias 208 using PVD, CVD, screen printing,
sintering, or thermal oxidation to form an insulating annular
ring 210. The insulating material can be one or more layers of
Si02, Si3N4, SiON, Taz205, Al203, polyimide, BCB, PBO, or other
suitable dielectric material.

FIG. 13f shows a plan view of insulating annular ring
210 formed around the periphery or outside of conductive TSV
206. The insulating annular ring 210 has a low k to
electrically isolate conductive TSV 206 with low contact
resistance and low capacitance. The low-k insulating annular
ring 210 reduces thermal and mechanical stress on conductive TSV
206. In addition, there is no insulating material residue or
need to clean the TSV contact area of conductive layer 138 after
forming insulating annular ring 210 because conductive TSV 206
has already been formed over conductive layer 134. Forming
conductive TSV 206 prior to forming insulating annular ring 210
saves manufacturing cost. The insulating annular ring 210 can
be formed with substantially no voids.

While one or more embodiments of the present invention
have been illustrated in detail, the skilled artisan will
appreciate that modifications and adaptations to those
embodiments may be made without departing from the scope of the

present invention as set forth in the following claims.

-26-—



forming a conductive layer over the insulating layer. 16. The method of claim 15, wherein the conductive
via and insulating ring extend to the conductive layer. 17. The method of claim 14, wherein the insulating
ring terminates at a surface of the semiconductor die. 18. The method of claim 14, further including
depositing a second insulating material in the first via to form an insulating core within the conductive via.
19. The method of claim 14, further including removing a portion of the conductive via to a level below a
surface of the semiconductor die. 20. The method'@Him 14, wherein the conductive via extends above
a surface of the semiconductor die.

What is claimed:

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

providing a semiconductor wafer;

forming an insulating layer over an active surface of the
semiconductor wafer;

forming a conductive layer over the insulating layer;

forming a first via from a back surface of the
semiconductor wafer, opposite the active surface, through the
semiconductor wafer and insulating layer to the conductive
layer;

depositing a conductive material in the first via to form a
conductive through silicon via (TSV);

after forming the conductive TSV, forming a second via
around the conductive TSV from the back surface of the
semiconductor wafer through the semiconductor wafer and
insulating layer to the conductive layer; and

depositing a first insulating material in the second via to

form an insulating annular ring.

2. The method of claim 1, further including depositing a
second insulating material in the first via to form an

insulating core within the conductive TSV.
3. The method of claim 1, further including removing a portion

of the conductive TSV to a level below the back surface of the

semiconductor wafer.
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21. A semiconductor device, comprising: a semiconductor die; a conductive via formed through the
semiconductor die; and an insulating ring formed outside the conductive via through the
semiconductor die. 22. The semiconductor device of claim 21, wherein the insulating ring terminates at a
surface of the semiconductor die. 23. The semiconductor device of claim 21, further including an
insulating core within the conductive via. 24. The semiconductor device of claim 21, wherein the

conductive via i€ PEcERSEH MIGH aSstrfaRe of tid SEmicbnduRidi Yiguct+ve TSV extends

above the back surface of the semiconductor wafer.

5. The method of claim 1, wherein a width of the conductive

TSV is less than a width of the insulating annular ring.

6. The method of claim 1, wherein a width of the conductive

TSV is greater than a width of the insulating annular ring.

7. A method of making a semiconductor device, comprising:
providing a semiconductor wafer;
forming a first via through the semiconductor wafer;
depositing a conductive material in the first via to form a
conductive via;
after forming the conductive via, forming a second via
around the conductive via through the semiconductor wafer; and
depositing a first insulating material in the second via to

form an insulating ring.

8. The method of claim 7, further including:
forming an insulating layer over an active surface of the
semiconductor wafer; and

forming a conductive layer over the insulating layer.

9. The method of claim 8, wherein the conductive via and

insulating ring extend to the conductive layer.

10. The method of claim 7, wherein the insulating ring

terminates at a surface of the semiconductor wafer.
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25. The semiconductor device of claim 21, wherein the conductive via extends above a surface of the
semiconductor die.

11. The method of claim 7, further including depositing a
second insulating material in the first via to form an

insulating core within the conductive via.

12. The method of claim 7, further including removing a portion
of the conductive via to a level below a surface of the

semiconductor wafer.

13. The method of claim 7, wherein the conductive via extends

above a surface of the semiconductor wafer.

14. A method of making a semiconductor device, comprising:
providing a semiconductor die;
forming a first via through the semiconductor die;
depositing a conductive material in the first via to form a
conductive viaj;
forming a second via outside the conductive via through the
semiconductor die; and
depositing a first insulating material in the second via to

form an insulating ring.

15. The method of claim 14, further including:
forming an insulating layer over an active surface of the
semiconductor die; and

forming a conductive layer over the insulating layer.

16. The method of claim 15, wherein the conductive via and

insulating ring extend to the conductive layer.

17. The method of claim 14, wherein the insulating ring

terminates at a surface of the semiconductor die.
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18. The method of claim 14, further including depositing a
second insulating material in the first via to form an

insulating core within the conductive via.

19. The method of claim 14, further including removing a
portion of the conductive via to a level below a surface of the

semiconductor die.

20. The method of claim 14, wherein the conductive via extends

above a surface of the semiconductor die.

21. A semiconductor device, comprising:
a semiconductor die;
a conductive via formed through the semiconductor die; and
an insulating ring formed outside the conductive via

through the semiconductor die.

22. The semiconductor device of claim 21, wherein the
insulating ring terminates at a surface of the semiconductor

die.

23. The semiconductor device of claim 21, further including an

insulating core within the conductive via.

24. The semiconductor device of claim 21, wherein the

conductive via 1s recessed below a surface of the semiconductor

die.
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25. The semiconductor device of claim 21, wherein the

conductive via extends above a surface of the semiconductor die.
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