SEMICONDUCTOR DEVICE AND METHOD OF FORMING PROTECTION AND SUPPORT
STRUCTURE FOR CONDUCTIVE INTERCONNECT STRUCTURE 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 protection and support structure for a conductive interconnect structure.
Background of the Invention Semiconductor devices are commonlga ound in modern electronic

products. SemtONHECtor debieesREVF i HRNRMER R GEnd; S R iscrete
semiconductor &é(ﬁ@é’s‘*&eﬁé%%ﬁf"c‘{} irf ORe %ﬁ?éDHFé‘TéE’rﬂc& %ﬁ?&g.s,% Hﬁlﬁng 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).
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 protection and support structure

for a conductive interconnect structure.
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, intflstid RORtrbRersIaMd SRt ePsqUipBne W19e SHificoAductor devices exploit

the electrical praperties ot semicondystor matetalss The atomig-stejcture of semicarduster, material
allows its electrical conductivity to be manipulated by the application of an electric field or base current or

through thé PreEess of ity Bépifig TtfotLtes fhpaRfes ntd the’séitbiductor hidtéraitd
manipulatg andcontrel theconductivitysefdhe semiconductargdayviees elect A semicongtator device
contains active and passive electrical structures. Active structures, including bipolar and field effect
transistors’ conttOIThe HoWrdf SeGricicurEnt TBY vafying levai¥ of dopig diid application of an electric
field or basencursent, theotransistor eithar-profates of restrietsthe flow effelecttiealcurrentnPassive
structures, includi.ne resistors, c%pacitors, and inductors, create a relationsgjcp between voltage and

current nggénéns%rrl)} o Béﬁgrsn’l apvavﬁee‘?y of é]l‘é%trrl%éﬂbhcﬁg%sw. %]%Spascs?\anéo and active Structures are

electricallycconmeete dotoddrm toircuits,amhich miablecthedsemicenducter deévice fwperdorim high-speed

calculatlonslantdac%theg Uﬁ%fm futnctlons. .Semlcgn uctor devices are sqggcje_ga{ly manufactured using

Wl 1 lﬁ tﬁ Ications, .aviation, , automotive, indu
two compiex manurac Nng Processes, I.e., ront-end

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 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. Each
semiconductor die is typically identical and contains circuits formed by electrically connecting active and
passive components. Back-end manufacturing involves singulating individual semiconductor die from the
finished wafer and packaging the die to provide structural support and environmental isolation. The term
"semiconButtor Hie W ds Bskd RERIT FstErs o hotA e Smgufarhd fardt forfty 6f-thiWords, and
accordingly:-eaft riefen tp both@rsinglessengieepductordeyiee and multiple=semisonductar deviees.

One goal of semiconductor manufacturing_ is to produce smaller semiconductor devices. Smaller devices
typically E8isuling s BUwet: havé higher peMofthafice aMd ddifbé Prddticedthofe efficiently. In
addition, seallee semicontduetor elevices have sesmaberfootsint avkich 4s desiralle fgr smaller end
products. A smaller semiconductor die size can be achieved by improvements jn the front-end process
resulting 17 SSicORAURLSY die With Shvalfet “HighérSdersit) & tiéé a%tijepcats%fv%aéo ponents. Back-end
processesdnay tesiutign semicenducionrdesides packagesnwitit a smalles ¥oatprint by improvements in
electricalégtgr%oanncectrion and rpacka%iggsm%teri?gs. . . (@. corgjveﬁionglmsecrgiggng:gé%t(r)r ge\éice may
contain semiconductordid mounted T a seniconductsr Substrats red?JcelwarpaLgle |ssueslcommonly
found withrtamingte stbstratesdAvcohductivedintercenectstriucturd sech @spoomdiudtive bumps or
conducti\/set\fiag{nq:yalie g%rmeodrtg mggnte%qfdlglgg}nriecaélg ong%%ta elr%iggndl.ﬁtgr gié-:- to the semicpnductor
substrate, Father than bon&j\%lres, due to the cost and manu acturing complexity of fgrmlng electrical
interconnéetions with bohehwires: "Thesprosess beforming edisductive bupiss, owevenakdead to the
growth o pterme(allic Garpowds (MG which caniniertere with e operabilty and tugclianality of the
semiconductor die. Furthermore, conductive bumps typically have different material and thermal
properties tisan sémiceriibcor i tcansitgthesmatedialk tbtexpand seiticonet apdifferent rates with
heat. Theydifferent rates of expansion and contraction of conductive bumps and semiconductor materials
lead to early failure of electrical connections between the conductive bumps and semiconductor die.
Furthermore, applicati6i'&nd eéflove bf E6RdUETNE bringy nittenidl xanusad to bAdges Breldefreal shorts

between agdjacent canguctive hymps. Allegnatively, farming conductive-das yesultsin gonductive contact
areas that are very small, which limits the functionality, ease of alignment, and reliability of electrical

connectiGhwiAthe: ST RAVE Vias! SUnmAR6F theGRVERTGHICS,  anA rfeed &XistB oA Sifiple, cost

effective ranctreliablevertigal electrical datgrconnect struature-fos semieenrducteydigAgcardingly, in one
embodiment, the present invention is a method of making a semiconductor device comprising the steps of

providing & $6mficorBtittot waferhaing & pltirality of Cortact gl forhfifg Sr<tiRSulatifg layer over the

semicongucterwater and condactPadserenaoving adeartion of the firstinsulading dayerie expose a first
portion of the contact pads, while leaving a secand portion of the contact pads covered by the first

insulating 1A5/EP f6MinG San-thddtbump tietaMZais BFEF ovérthe chihtact padS hathe firdor

die with smaller, higher density active and passive components.
Back—-end processes may result in semiconductor device packages
with a smaller footprint by improvements in electrical
interconnection and packaging materials.

A conventional semiconductor device may contain
semiconductor die mounted to a semiconductor substrate to reduce
warpage issues commonly found with laminate substrates. A
conductive interconnect structure such as conductive bumps or
conductive vias may be formed to mount and electrically connect
semiconductor die to the semiconductor substrate, rather than

bond wires, due to the cost and manufacturing complexity of



insulating layer, forming a plurality of bumps over the under bump metallization layer, forming a second
insulating layer over the semiconductor wafer to cover the first insulating layer, a sidewall of the under
bump metallization layer, sidewall of the bumps, and upper surface of the bumps, and removing a portion
of the second insulating layer covering the upper surface of the bumps, while maintaining coverage of the
second insulating layer over the sidewall of the bumps and the sidewall of the under bump metallization
layer to provide Serutt A Suipolt for i BamPs GhdPrevertdroli or itérsmetallid*Gompounds.

In anothes.emkediment, #Be piesent dnentionds asuethos of snakiag A semmicoaducterdeviee comprising
the steps of providing a semiconductor wafer, forming a plurality of conductive vias through the
semicondUct8Wafkt haling a Boftidh that EXBRAS BB6vE A Sutackibt e S&MicIhdtLidT Wafer, forming
an insulating tayet ©vep thessamiconduelor wafertanchtheieonduictive. ¥iase and semavinga parion of the

insulating layer covering an upper surface of the conductive via%, while maijntaining coverage of the
insulating RY6P 6081 StdewEN BT THe Eoniudiive VidS 1o Brbvide &icicrat STBGAT [OMhe chRductive vias,
In anotherrenhodiment, the present drvertiion is amethodwaf twakidg @, semicenductahdevice comprising
the steps of.providing a semicondyetor wafer forming g conducfive Intercannect structyre-fiaving a height
extending above a'surface ofthe Semiconductor wa er, forming an msulaﬁng fayer over the
semiconductovwafies aadthe baductivesinteroennect strdcture,tarctteimaving aqortiore of the insulating

layer covering an yppet syeface of he conductive Intercanngct siructuse while gjntalping coverage of
the insulatin Iayer over a sidewall of the conductive interconnect structure. In another

embodir_rreh@,cme méemmre&m‘omga ngmabﬁd@ﬁwugmpvisinlgUa\E@_mdeqctor Wafer._A
conductive ipfercannect strugture is formegd over the semiganductor wafgrhavipg 3 height extending

above the semiconductor wafer. An insulating layer'is formed over the semiconductor wafer that exposes
an uppersurfdiee tof Yite bonductivedrterdorirett seacturewhilé Ausiataiiing tevérageover a sidewall of

the conduetiyerinterconnect stiyotre, Brief Description of the Drawings e .+ 1 &G, L illustrates a
printed circuit board with different types of packages mounted to its surface;
forming conductive vias results in conductive contact areas that

are very small, which limits the functionality, ease of
alignment, and reliability of electrical connections with the

conductive vias.
Summary of the Invention

A need exists for a simple, cost effective, and
reliable vertical electrical interconnect structure for
semiconductor die. Accordingly, in one embodiment, the present
invention is a method of making a semiconductor device
comprising the steps of providing a semiconductor wafer having a
plurality of contact pads, forming a first insulating layer over
the semiconductor wafer and contact pads, removing a portion of
the first insulating layer to expose a first portion of the
contact pads, while leaving a second portion of the contact pads
covered by the first insulating layer, forming an under bump

metallization layer over the contact pads and the first



FIGs. 2a-2c illustrate further detail of the representative semiconductor packages mounted to the printed

circuit board; FIGs. 3a-3m illustrate a process of forming conductive bumps on a semiconductor
device with a supporting and protective structure; FIG. 4 illustrates a semiconductor device with
conductive bumps having a supporting and protective structure; FIGs. 5a-5n illustrate a process

of forming conductive vias through a semiconductor device with a supporting and protective structure and
electricall/'CohrettdPcdtiétpadL BRI 2 Pl el g5 utiatEdCaTdtive VidSthraGg a
semicondiigter device withasupporting and pretective stréeturmand elactrgally conneetedsantact pads.

the semiconductor wafer to cover the first insulating layer, a
sidewall of the under bump metallization layer, sidewall of the
bumps, and upper surface of the bumps, and removing a portion of
the second insulating layer covering the upper surface of the
bumps, while maintaining coverage of the second insulating layer
over the sidewall of the bumps and the sidewall of the under
bump metallization layer to provide structural support for the
bumps and prevent growth of inter-metallic compounds.

In another embodiment, the present invention is a
method of making a semiconductor device comprising the steps of
providing a semiconductor wafer, forming a plurality of
conductive wvias through the semiconductor wafer having a portion
that extends above a surface of the semiconductor wafer, forming
an insulating layer over the semiconductor wafer and the
conductive vias, and removing a portion of the insulating layer
covering an upper surface of the conductive vias, while
maintaining coverage of the insulating layer over a sidewall of
the conductive vias to provide structural support for the
conductive vias.

In another embodiment, the present invention is a
method of making a semiconductor device comprising the steps of
providing a semiconductor wafer, forming a conductive
interconnect structure having a height extending above a surface
of the semiconductor wafer, forming an insulating layer over the
semiconductor wafer and the conductive interconnect structure,
and removing a portion of the insulating layer covering an upper
surface of the conductive interconnect structure while
maintaining coverage of the insulating layer over a sidewall of

the conductive interconnect structure.



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 mag; be included within the spirit and scope of the invention

as defined by the appehteftdinfsrarfd e Stfiale s asPeipithted By e o REWihg disclosure and

drawingssemi conSeptiegnductiardevicesaregenerallysmanyfactureddising: twa-complex manufacturing
processes: front-end manufacturing and back-end manufacturing. Front-end manufacturing involves the

formatior 6F & P&t of Qi G 11 §Gfact 618 5BMmicontut i ivater BHch™di& on the wafer contains
active andgpassiveclectticakecomponents nyhiehtase glectricallyconngctgddodormdunctional electrical
circuits. Active electrical congdpcgwents, such as transistors gnd diod,es,?ave tr(l%e ability to_control the flow

of electri€al B3Rt Basive"dectical E0mpoiehts "dith as €&dacitors, Ihdlictors Fésistors, and

transformess,icreattua relationship behweerevoltagesand cursertrneaessaryetoqiertarm electrical circuit

functions. Passive and active com&onents are fokrlm d over the surface of the semiconductor
conduct%ve in eﬁconne?t. ructura while m%%?t%ﬁnln coveﬁa S
wafer by a'series of process steps including doping, deposition, photoli ogra%hy, etc m%, and
planarizatiorrDepingdrtreducesfinmpuzities mito the semicaructormateriat by technggues 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 an insulator, conductor, or
dynamically changing the semBsagdctBeserdirt tondadtividyen Pagyoirgso 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. FIG. 1 illustrates a printed circuit board with

different types of packages mounted to its surface;

FIGs. 2a-2c illustrate further detail of the
representative semiconductor packages mounted to the printed
circuit board;

FIGs. 3a-3m illustrate a process of forming conductive
bumps on a semiconductor device with a supporting and protective
structure;

FIG. 4 illustrates a semiconductor device with
conductive bumps having a supporting and protective structure;

FIGs. 5a-5n illustrate a process of forming conductive
vias through a semiconductor device with a supporting and
protective structure and electrically connected contact pads;
and

FIG. 6 illustrates conductive vias through a
semiconductor device with a supporting and protective structure

and electrically connected contact pads.



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 can 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. PatterFf RHhEDRRSGFBESR Dy WhiER DoRTTHESIIRe top layers on the
semiconductor wafer surface are removed. Portions of the semiconductor wafer can be removed using
photolithography, photomaskings Baskingy exide-nr metal eermevalcphategeaphysandsteaciling, and
microlithography. Photolithography includes forming a pattern in reticles or a photomask and transferring
the pattefA'MtS tHEArfack1ayEfs dithe YBMCoIIULTr WA PRGthDGEphy 15fmS the Rbrizontal
dimensions ®fiactiye and passive companents-an the- spriface-afthersemieorductorswater i a two-step
process. Ftirst, the gattegq oqthetketicl,e or mgsks is,trar{fferred intg a,Iay%r of hot%retslilst. hotoresist is a
Iight-sensel I8 riaterial tha lunederggeslEr\lfaerrfgelsgfrll stiucturé ant gropéﬂieseﬁ én 8xposeed oﬁlsgtht. The
process afcchanging thelsteicture aricepropestiesiafithe phiotaresistreccurs asweither hegative-acting photo
resist or osgié/g-iaé:ﬁing leotodrleossisét. ggg%[d, &h§ h%oeresig]%la,g r 1§ tg%nslf%rrel% antg éré%wgfer surface.
The transter 6Ccurs when tching removes e portion of the op layers of sémiconductor wafer not
covered by trrerpladtoresistt Thie ehemistiyf afophictoresists isisuchuthat thenplsoteresist dissolves slowly
and resists,remaa) by ghemical etching,splutions while the ortign of e lop Jayers of dig sgmjponductor
wafer nof covered y the pﬁotoreast s removed more I%pi y. The process of orming, exposing, and
removingothetghotemesstdasiwell asnise protessaof remavingad pottionaof thesemicotiuetortikafer can be
modified 98%@9&&9&? the particylar resjst Ug@Q@{ngIQt? desired results. In negative-acting photo
resists, photoresist iS exposed to light and is changéd from a soluble condition to an Insoluble condition in
a process known as polymefzatbic e poyaverization L enssipmenzed nizaatdlds expesed iadight or
energy soyige andnalymers,forma grossdinked matesial that is.etchgsistant AR pastinegative resists,
the polymers are polyisopremes. Removing the soluble portions (i.e., the portions not exposed to light)

with chermtaks6lentsct Hevelopets feaves ahdle i thelreist da et thac ot re&pbras té fife opaque
pattern opthe seticle: A maskvhose patiernexists inthe-epaque-regionsys called a clear-field mask.

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

conductivity of semiconductor material in active devices,



In positive-acting photo resists, photoresist is exposed to light and is changed from relatively nonsoluble
condition to a much more soluble condition in a process known as photosolubilization. In
photosolubilization, the relatively Insoluble resist is exposed to the proper light energy and is converted to
a more soluble state. The photosolubilized part of the resist can be removed by a solvent in the

development process. The basic positive photoresist polymer is the phenol-formaldehyde polymer, also
called the- PREFAIFEFMARIehY e STV ST ReMaiRg the sofubke Aortions (i'é Fie portions exposed
to light) withheherisal selvents ofdlevelopereleaves achaladn theqresist dayer shatcoreespends to the
transparent pattern on the reticle. A mask whose pattern exists in the transparent regions is called a
dark-fieldRER CE VI EYAREr RVl BF thetoP hortiGiT b the dermitdndlctBr#/afét Hot tBvered by the
photoresist, 4he remaindet of thel phetetgsisids semoved,leavingbhehintha patetnesdsayer. Alternatively,
some types of materials are patterned by directly deposi ir}Lg the material into the areas or voids formed by
a previou Oé)elprb%itiaoﬁeat{:lﬁ% oéaesssrl?s?ﬁgg Fe%%iq%%sesrb% as ézlggtré?l]égg gﬁate?gct%fytﬁ:rﬁgﬁﬁﬁ :
Depositingra thin fitm ©f materidllever ah existig-pattern canrexaiggerate theandeying paitern and
Create a nan-L ngorrrilggltat sgrf%g%l% uggo%nl flat surfaczctis required to produce smaller and more

Nl age Is:lurren - .
densely packed active and passive components. Planarization can be used to remove material from the

surface of the wafer amgcprode ce acumtossiy fatsunfaces Riamasizatido imvetvesypolishirgsthe Surface of
the Wafeqm wiéré el Iigh;ﬁrilgt%?dd ﬁpfabras'veerﬂaterial agq C ]r:rgsivg tclhggn.icallahrg afigeg rtg trée gurface of

; T : )
the wafer gurlng polishing. The combined mechanical actibn of the abrasive and corfosive action of the

chemicalbe_rr@veg%sﬁlybnregy I‘aatdp_tig]fam-_@/, d@mlﬁn‘_;g irca uhHGif_rmﬁ,ICﬂa@ §uq§¢@rmi De_d Back-end _
ma”“fac'%lé@g refers 1Q.cutipg of f's”}rgé‘é%tﬂ‘ﬁatfeﬂg‘ﬁbedd‘%éﬁ% Jntg he indiyidual sermicondygter die and

then packaging the semiconductor die for structural support and environmental isolation. To singulate the
semiconductor diepthelwafern isscored andvsrokasmliorrynorfaneticteld fsgitns of theWafer called saw

streets or,$¢ribes, The yyafer issingulated Usipga)lasercuiting gl orsaw ladg;,  ang
electroless plating processes. Each layer is generally
patterned to form portions of active components, passive
components, or electrical connections between components.
Patterning is the basic operation by which portions of
the top layers on the semiconductor wafer surface are removed.
Portions of the semiconductor wafer can be removed using
photolithography, photomasking, masking, oxide or metal removal,
photography and stenciling, and microlithography.
Photolithography includes forming a pattern in reticles or a
photomask and transferring the pattern into the surface layers
of the semiconductor wafer. Photolithography forms the
horizontal dimensions of active and passive components on the
surface of the semiconductor wafer in a two-step process.
First, the pattern on the reticle or masks is transferred into a
layer of photoresist. Photoresist is a light-sensitive material
that undergoes changes in structure and properties when exposed
to light. The process of changing the structure and properties

of the photoresist occurs as either negative—-acting photo resist



After singulation, the individual semiconductor 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 pHckage 1S theh msénad iftd anceleEtFitAltsystetn it the TlifctiralitF 61the SehfiéSifductor
device is raade-aviailable taitherether systemreampeneise .  TheFla:adhidustrates eledronicdevice 50
having a chip carrier substrate or printed circuit board (PCB) 52 with a plurality of semiconductor
package$ Motht&d bATS EtrfatB  SERRIbAR U ice 86 chRthav@¥HetyBE of SBicoHitctst package, or
multiple types of semicondyetan pagkages, slepesdingion-the applicatiem iTde-gifferent types of
semiconrc‘%ilctor packages are shown in FIG. 1 fort%ﬂgoses of illustration. Iegl:ronic evice 50 can

be a starid’26R& Systent that u3BS the 88middhd PAREGES 16 BERSHY Bie Bt Riord etéttrical
functionsr Altémadivelymelecironic devdee 5@ tan tbehd subeampanentofehlatgertdystgm.tdreexample,

electronic deyice 50 can be part of llular phone, personal digital assistant PD%} djgital video camera
(V). 0F it T iR e SR ol o dOACS 0 berbe Hraphics
card, netwibrk imterfaceccard, orothreesignat procassingycard That gandseeimsertéd fntoraicgmputer. The
semiconductor packagenc n include mic]tvqperoc so?rs memor@eg,sap&%'@gtigg sggcéific irgggrsaéed circuits

EXPOSIIN a removin % oresist r .
(ASIC), Iogl}cO cwcw?s’, analog circuits, RF cwcuﬁs, iscrete ae\’/lces, or other semiconductor die or electrical

com ponmfs.mmmtmnmth)mﬁ wmg I@tfre‘dheticﬂfalﬁecmmabﬁor w@é%rpm@iuc_tsetonb@aéde?ﬁeq by the
market. The distance hetwean ssmicanduelgr devices, mysthe deereased fa aghieye fugher density.

In negative—-acting photo resists, photoresist is
exposed to light and is changed from a soluble condition to an
insoluble condition in a process known as polymerization. In
polymerization, unpolymerized material is exposed to a light or
energy source and polymers form a cross—-linked material that is
etch-resistant. In most negative resists, the polymers are
polyisopremes. Removing the soluble portions (i.e., the
portions not exposed to light) with chemical solvents or
developers leaves a hole in the resist layer that corresponds to
the opaque pattern on the reticle. A mask whose pattern exists
in the opaque regions is called a clear-field mask.

In positive—acting photo resists, photoresist is
exposed to light and is changed from relatively nonsoluble
condition to a much more soluble condition in a process known as
photosolubilization. In photosolubilization, the relatively
insoluble resist is exposed to the proper light energy and is
converted to a more soluble state. The photosolubilized part of
the resist can be removed by a solvent in the development
process. The basic positive photoresist polymer is the phenol-

formaldehyde polymer, also called the phenol-formaldehyde



In FIG. 1, PCB 52 provides a general substrate for structural support and electrical interconnect of the
semiconductor packages mounted on 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 provi’powér RS groundRESHMELliEnS i& et BPtHe SSthicoRdGetér packadess In some
embodimests; aosemisgpductar device hias twgipackagingilevels skirstdevel paeckaging is pdeehnique for
mechanically and electrically attaching the semiconductor die to an intermediate carrier. Second level
packaging§AvSives meehanically Bfid efettitall atichiny theGhtermaarite takfer 18 the PCB. In other
embodiments, ecseraiconguctoe daviea mayorkythiavedhe fisstdawdd packaging avhereihe diesiss
mechanically and electrically mounted directly.to the g’CB. Far.th é)urpoie of illustration, several
types of firdt leVel FARAYHY, idiuding boha wite package 56 4RE ]?Iipfcﬁ?p? 8,"aré"shown on PCB 52.
Additionally, several typés of seeand/leVe bfaakaging, inghading ball gfidtareays BGAY 66,ulatrap chip
carrier (BCC) 62, dual in-line package (DIP) 64, land grid array (LGA) 66, multi-chip module (MCM) 68,
it fat TR ARt DR AE PR 70t e pcKagE 72 SO i on PCB 52
Dependimgrupoir de system requivements| emy icominratioriobsemicondoetor pagkages, configured with
any comhination of first and second |evel packaging styles, as well as other electronic.components, can
be conneutel (R 57 1 o oA mene, A Ebaay Getks 80 O Hes e Shar Sieire
semicondigatorspackag et whileativer iembddiments ealbfor asultipleintetcorfrmacted paskages. By
combining,ang;or. moge. semicondyotor packages.aver,a.single. substrate, ;anyfagturers can Incorporate
pre-made components into electronic devices and systems.”Because the semiconductor packages
Include sephisticated fanctivhatitys elecorbricldeéed-éawbe manufactured using less expensive
components and a streamiined:magufactuying prpegss, Thesresplting deyiges.aredess; liksly to fail and
less expensive to manufacture resulting in a lower cost for consumers. FIGs. 2a-2c show
exemplaiySensiebndactoPpaciriest FIGPa NSk ates figherdénl df DIF 62rmadhfRted GIPPCB 52.
Semiconggqt%g}g:lg/l inclydes ar-getive regiomeeniaining analpgor.digital cireuils-ipplemented as
active devices, passive devices, conductive layers, and dielectric layers formed within the die and are

electricalRFIRtBIESNITSRed BECrthd forthe BeGfical dSsidiFerf the did SFarekanama tife circuit can

include opeRssnRretEaNSIStors, diodesy insictors, erpaciers, resistorsandether cisauitelements formed
within the active region of semiconductor die 74. Contact pads 76 are one or more layers of conductive

material, Si€h 2SHGMHUNT (AL cBPPEF (G IRTSAY Rick! BNiY, gH8 tXu): b Silver (agy cand are
electricaltyiconnected todhe Gireyit lements fermed within semiconduetor die-74.2uring,assembly of DIP
64, semiconductor die 74 is mounted to an intermediate (l:arrier 78 using a gold-silicon eutectic layer or
adhesiveiRatetiat BIcP a8 therftal 2Bb%Y oF 8pBRY Fdsh: THE Padiige BodAnChigas GhingdiGtive
packagingdaateriabsuchras polyser as etamics Londusior 1eafdo8Q asd bomd wires=82 provide electrical
“ﬂemon%%%ggggar%echanical 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 semiconductor

die and then packaging the semiconductor die for structural

support and environmental isolation. To singulate the

semiconductor 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.
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semiconductor die 74 and PCB 52. Encapsulant 84 is deposited over the package for environmental
protection by preventing moisture and particles from entering the package and contaminating
semiconductor die 74 or bond wires 82. FIG. 2b lllustrates further detail of BCC 62 mounted on
PCB 52. Semiconductor die 88 is mounted over carrier 90 using an underfill or epoxy-resin adhesive
material 92. Bond wires 94 provide first level packaging Interconnect between contact pads 96 and 98.

Molding édrhfdurid BFEncapsefant 10D is HéhBSHet bverSericBAUGASF dié's8 ana HBRUMWIRES 94 to

provide physigabsuppostard slectricat isolationifer theidevige nGortactpads: £02 are formed over a
surface of PCB 52 using a suitable metal deposition process such as electrolﬁtic platin% or electroless

plating to PrEGERCEXIGATOr EIMAR Fade I 4 & ritaRP BsmHetted t6°Bhé OF mite Tonductive signal

traces S54rinfeB 52v Bumpse1C4 ake-tormeddertween contact pads O8rofdBEEH2-andeontactpads 102
of PCB 52 H}SIEIG. 2c, sen%conductor die 58 is mounted face down to intermeg?iate caOLrier 106
irstle

with a flifeRip sty it PIevBFp&eKkaghsy: ActiVe TegioR 108'SFsenticORGILOrdid 58 Containt iz

alog or
digital cireuitshInsplementediag active davicespgssivendemicas; €opddctive layers; and cielectric layers
formed ag(r:lorglnn(g to tQ(f el%ctrlcalodaeﬁlegrn cI%IOtEgI.dle. Fortexamq_e,ithedlcwcwt can Include otngeor more

. a a or 1in ma la S eposite over. .
transistors, diodest fhductors, capacitors, resis ors, and Other circuit eléments within active region 108.

Semicondactbrdie 5®iscelectridallyand mechasicaty connected te carrieralD6ithedughi bumps 110.

BGA 60 i§ electrically, an mecpanically connected to PCB.52 with a BGﬁ tyle second_level packaging
h h h

using bumpg 112" %melécj)r?(f‘ucctgrg(%e 58 i% e?élctﬁélaﬁI?/rcgoer%e(l:%le%otoac%n%u%tél{\% éi%%al {r csée“se%h in PCB

52 througimburpps 110n sighahkngsc¥14 fand duappsiti dupioiding esmpound oreteapsulant 116 is

deposited gyer semiconductor %%%%9”93?&%% ]Cooqntfgoq{gxigg.physical support and electrical isolation

for the device. The flipchip semiconductor device provides a short electrical conduction path from the
active devices on semicéAductor dievs8 trcarduetion traeks onRCB B2 inbriertoy@dace kighal

propagatiop,distapce Joues sapagiance; and dmpiove,overgll it pedgrmaance: p, agother

embodiment, the semiconductor die 58 can be mechanically and electrically connected directly to PCB 52
using flipEriprstie FirstlévelPacragingvithour atéAaedialeosarries 108, 1ts surface.

Electronic device 50 can have one type of semiconductor package,
or multiple types of semiconductor packages, depending on the
application. The different types of semiconductor packages are
shown in FIG. 1 for purposes of illustration.

Electronic device 50 can be a stand-alone system that
uses the semiconductor packages to perform one or more
electrical functions. Alternatively, electronic device 50 can
be a subcomponent of a larger system. For example, electronic
device 50 can be part of a cellular phone, personal digital
assistant (PDA), digital video camera (DVC), or other electronic
communication device. Alternatively, electronic device 50 can
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 (ASIC), logic circuits,
analog circuits, RF circuits, discrete devices, or other

semiconductor die or electrical components. Miniaturization and
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FIGs. 3a-3m lllustrate, in relation to FIGs. 1 and 2a-2c, lllustrate a process of forming conductive bumps
on a semiconductor device with a supporting and protective structure. FIG. 3a shows 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 a non-active, inter-die wafer area or saw street 126 as described

above. SHf/ strdet 1281516vidBs 2hiftingareas 16 Singulfaté 38 fficatidiiitsrWafeP 196 ifto GRdiviidal

semicondiictemdied2dket . TIGa3k shaws agrosssectenal view ot apeortrn,otsemicgrductor wafer
120. Each semiconductor die 124 has a back surface 128 and active surface 130 containing analog or

digital cirbGit$ MipIEfERted 8s AcivE Yeviteg dssiie devides, conductive layers, and dielectric layers
formed within the die and etectrically intercoenngcted ageerdingtniheglectiipaldesign and function of the
die. For examuple, the_circuit may Include one or more transistors, diodes, and other circuit elements
formed withirt RiVe-Surfate T30 o RAbIEHBRC AMAIBY AU o Higiah Ut Such as digital signal
processos ¢ SPP AIS KT, anemank of@thercsignal proeessinrg eitauit. Semnidonducter diegtk24imay also
contain ?nctggrcaé%d E)gssive dgvices éIPOQ]sQ such as jnductors, capc%citorsl, and resi;s%orlgcg)r&: signal

processing. In one embodimen ,mseemiconéuc‘:atof’ die £247isd flivﬁtl:hlp]ﬁ/lpe Tevice. An‘electrically

conductiveslaygr £32 isoformedroves aetiver surfaces 180 aisingd? VB | EMD; electrolyticaplating, electroless

plating process, or other suitable rrnet%lhdeelpositiog Zi%@ceiess. Ccingﬁjctive latyer 132 can be one or more

layers of i\?réﬁnsﬁrﬁﬁi\hn%{g or other suitable e ctrlcg]ﬁ/t(?on Uctive material: Conductive layer 132

operates_%mﬁa@md@%lédtrigal@@@imeﬁted tolthetoircois oﬂcamive is@ﬁfaégasbe%ﬁmt pad_s 132
can be dispaged sidedy-side 2. fist distance fromJtie edag. of semicondustordie 424, 33 shown in FIG.

3b. Alternatively, contact pads 132 can be offset in multiple rows such that a first row of contact pads is
disposedad first distarrienfrdmatie etlgewithe it apid a Secorrrowt ofdomastjsadscsiteraating with the

frstrow is,cisneissdpisecanddistance fiom dug.pdge of he dien: conaulG:3%a0aus ag enlarged

cross-sectional view of a portion of semiconductor wafer 120, focusing on contact pads 132 and an area
immediately surroundidg} BN taBNREHL T ihSulating VR pa’BVatcr Tayér 1345s forfeddver active

surface 130-andicopductive {ayer 132.using BYD, QR RUNING. SRINCqalingy, SBraY Gaating, sintering or
thermal oxidation.

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 types of
first level packaging, including bond wire package 56 and
flipchip 58, are shown on PCB 52. Additionally, several types
of second level packaging, including ball grid array (BGA) 60,
bump chip carrier (BCC) 62, dual in-line package (DIP) 64, land
grid 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
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The insulating layer 134 contains one or more layers of silicon dioxide (5i02), silicon nitride (Si3N4),
silicon oxynitride (SiON), tantalum pentoxide (1a205), aluminum oxide (Al203, or other material having
similar insulating and structural properties. A portion of insulating layer 134 is removed by an etching
process through a photoresist layer (not shown) to form openings 136 and expose conductive layer 132.
Alternatively, openings 136 are formed by laser direct ablation (LDA) using laser 138 to remove a portion

of insulatfiity IRFBF T34 AR exPBLE coRBEGRNaFer £37! IRDneBmbsdiffent openings36 have a width
of 15pm-80pm. AnetherRortien) oboeiactpads 132 1eraing coveneghlysinsulating layer 134. In
FIG. 3d, a blanket conductive layer 148 is deposited on insulating layer 134 and conductive layer 132
using a patteAfifg And THeEaPAEpSEifion Brodedd Such A5 Brintihg S VB e B IEBEFolfid platifg, and
electrolessiplatipg <Inione-embodimenidblanketepnductivg layerd 48 acts asa seeddayer. Seed layer 148
can be any syitable alloy seed layer, such as titanium c\£ per %iCL% titanium tunﬁsten copper (IIWCu), or
tantalum %?t%lgce%ngé]pcpte‘??laﬁ@éﬁ{?@%&d?gfeﬁ TASONOWS the REhtour of inkaikting ayér134 and
conductivealayen 32 cSeed Bayer 848 dsielectrigatly €onsedted 4o €dadtctiveilayerldzes and A

patternin orPhotoresigt Iager 14% is formed over segd layer ]138 insulating Ig er 134, and conductive
stems., . Because the semicondycto ac age nc . . .

layer 13 &/smg printing, spin Coating, or spray coéﬁlng. n 86me embodiments that utilize an insulating

layer for pattérning tae axsulatingtayeradaintinclueecarierommorel tayersof SE02,1813N4, SION, 1a205,

Al203, or othlelrf@gg%q:aelCrllahllsngnsmil%rs structural g:rgpertles.p% ggglgsn cg rp@oéoregg% la er %él is removed

by an etclﬂlan% process fo form 0|§Ien|ngsS 144" (_G)Benlnas 144 expose a portion of see ayer 148, and are
positionedavef gohdudctive lryercE3® In ohkeembediftent operingst44 have airclldr€toss-sectional

area configyred 19 for condugtive humps with 4, eindrical shape includinga citceulag, eross-setion. In
another embodiment, openings 144 have a rectangular cross-sectional area configured to form
conductiVeolsuraps SHikea eubic

FIGs. 2a-2c show exemplary semiconductor packages.
FIG. 2a 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
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 can
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 (Al), copper
(Cu), tin (Sn), nickel (Ni), gold (Au), or silver (Ag), and are
electrically connected to the circuit elements formed within
semiconductor die 74. During assembly of DIP 64, semiconductor
die 74 is mounted to an intermediate carrier 78 using a gold-
silicon eutectic layer or adhesive material such as thermal
epoxy or epoxy resin. The package body includes an insulative
packaging material such as polymer or ceramic. Conductor leads

80 and bond wires 82 provide electrical interconnect between
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shape including a rectangular cross-section. In FIG. 3e, an electrically conductive layer 152 is
conformally applied over seed layer 148, within openings 144, using a patterning and metal deposition
process such as printing, PVD, CVD, sputtering, electrolytic plating, and electroless plating. Conductive
layer 152 can be one or more layers of Al, Cu, Sn, Ti, Ni, Au, Ag, or other suitable electrically conductive
material. In one embodiment, conductive Ilsger 152 operates as a barrier layer and can be Ni, nickel

vanadiun? BRIV OPRHATN (P DallddiaRF(FABIWE or CTEG2BREthRR Suitdble aERaP Edifductive layer
152 follows he eomtoprekserd layer 448.1Condustivelayerciazisielecticalreannectedto seed layer

148 and conductive layer 132. . Conductive layer 156 is conformally applied over conductive layer
152 usind'8 pHtterfing HhdhEtat GepSsilionPrécEsSsUeh dd5rimtig BYD, VD, sputtering, electrolytic
plating, anérelegiiclass platisgnConddeitvedayerikb6/aan beomerwmereslagers of Al, Cu, Sn, Ti, Ni, Au,
Ag, or other suitable electéicag%jco q[uctive ntwateri l. In one ecrpbodimen cocndu ive Ia‘%/er 136 operates
as an adhesion layer and can‘be ik 1, /A1 of Shrornam (Cr) or StherStitabfe Miatétal “Conductive
layer 1560follews thhe contesn ot conductive laper 152. Conductive:thyerdb6 i eletctricatlp connected to
conducti\{leslflxer 152,usne§(§lrlg¥ejrll48 and conductive Iaﬁ}/ﬂ%%%. e m In FI?. gE an %Iectrically

conductive pa&e%r} bump ma enal?L%ﬁg%}éﬁBgi?éde Withim open\fngs 4% ahd over conductive layer 156

using an evaperatiénpelectrdlytic plating] eleetrofess ylatingy batl teo,corrseréemplimtirgprocess.
Conducis DT T E°98 o S NeAM: SRR (B0 G () .o
deposited over semiconductor die 88 and bond wires 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
98 of BCC 62 and contact pads 102 of PCB 52.

In FIG. 2c¢, semiconductor die 58 is mounted face down
to intermediate carrier 106 with a flipchip style first level
packaging. Active region 108 of semiconductor die 58 contains
analog or digital circuits implemented as active devices,
passive devices, conductive layers, and dielectric layers formed
according to the electrical design of the die. For example, the
circuit can include one or more transistors, diodes, inductors,
capacitors, resistors, and other circuit elements within active
region 108. Semiconductor die 58 is electrically and
mechanically connected to carrier 106 through bumps 110.

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,
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material 158 can be eutectic Sn/Pb, high-lead solder, or lead-free solder. Conductive bump material 158
is bonded to conductive layer 156 using a suitable attachment or bonding process. A volume of
conductive bump material 158 deposited into openings 144 is controlled by a thickness of photoresist
layer 140 and a cross-sectional area or aperture size of openings 144, thereby controlling a final size of
the later-formed conductive bump. In FIG. 3g, photoresist layer 140, and a portion of seed layer

148 outsiteh Ut of condictiVelidyers 5 RAF 186 CareTRRTovethieiy an ®tdfing process.
Collectivelystheireaining postion ebsead-layer 448, comdugtive: layer 4521 ard eenguctivedayer 156
constitute under bump metallization (UBM) layer 159, A plurality of bumps 162, cqmprising a volume of
conductive BimhpinateriBP 58 and UBMIayer {5y id 8RtacHY cic)ﬁﬁegr@a t6 TonaGctiveB§er 132. In
one embadimeii;ihedimp cataralds reifowed by heatiag bumpsmateriat 168above lits melting point. In
some applications, bumps 162 are reflowed a secong%ime to improve eI,ectricéell contact to conductive
ayor 156 BB 165 n08 3 HEAGH FE thit Sl O S ubr GTHACE ST Rt By 2P 134, t0 an
upper surface ohbumpimateriahts8. on PCHNFIGL Bhpaddnsulating:layee 120 isndaposited over bumps

162, and insulating layer 134 using PVD, CVD, printing, spin coating, spray coating, screen printing, or
(aminatioh. FEAStRG Ry 6l 70 bl be BAL G I ey bre G507 ol SR, 0. M203, BCB,
polyimide= (Rl suitablerdielectriccmateriat, photosensitvecodniorephetoskasitiee polynseradielectric, such

as polybenzoxazole IgP 0), low temper fure CIlill"n olymer di§@ctric resist, e.qg., less than 250C, SiN,
SiON, or J|’062,%c‘)§r o(t:k%er n%gtefﬁ%%g\%ﬁgas?mi}(aralngulgtfl)ﬁggﬁ “Structura %?gpcéﬁgs.élrecgq% FIG. 3i,
insulating-layB£ 870 7s blahket étthed usingsa plesnfal protesswét cherhiealetgchingt LDW; or photoresist

developing process 1a reduce the thickpess of insulating layer 170 and remove the portion of insulating
layer 170 covering bumps 162. In one embodiment, an optional blind UV exposure may be applied before

the photolithography dévélepingaprétessl Thetreaiainingingigdtirig ket 70 E6Astitlitesslippart structure

180. 2c, 1illustrate a process of forming conductive bumps on a

semiconductor device with a supporting and protective structure.
FIG. 3a shows 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 a non-active, inter-die wafer area or saw
street 126 as described above. Saw street 126 provides cutting
areas to singulate semiconductor wafer 120 into individual
semiconductor die 124.

FIG. 3b shows a cross—-sectional view of a portion of
semiconductor wafer 120. Each semiconductor die 124 has a back
surface 128 and active surface 130 containing analog or digital
circuits implemented as active devices, passive devices,
conductive layers, and dielectric layers formed within the die
and electrically interconnected according to the electrical
design and function of the die. For example, the circuit may
include one or more transistors, diodes, and other circuit

elements formed within active surface 130 to implement analog
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Support structure 180 covers a portion of a sidewall of bumps 162, sidewall of UBM layer 159, junction
between UBM layer 159 and insulating layer 134, and insulating layer 134 adjacent to UBM layer 159.
Support structure 180 provides structural support to bumps 162 and helps to maintain the electrical
connection between bumps 162 and contact pads 132 during expansion and contraction of the materials.
Support structure 180 also environmentally seals the junction between UBM layer 159 and insulating

layer 134°tbTeBUEE thvd oEcitdritk Stthe gtvith SARIE. SuphbrtStifctired 0 alsb Yontis bumps 162

during the mefiovy ofbump matesial 158 o ceduce thepecurignee of bridging of @lagtrical shorts between
adjacent bumps 162. In one embaodiment, end-point detection or time-controlled etching is used to ensure

that the poTHoIT BRSSO sfidéture’ £86' adjateRttoBithps 162 HaSH R&igHt Hrsiterthan one fourth of HI.

In anothefembedimentshpwrsindt Ga S), suppotiaticturedBicavess apodtion: efi thecssidewall of bumps

162, sidewall of UBM layer 159, junctipn between UBM?'?%@?QBQ and insulating#géer 134, and portion of
e

insulating &yeF 1324 hafitenttCOBRP iY@t 159 TRE Bla Ay proeeld 5 6ViRg apdttion of
insulatingl layet $7@ ta forpradppart strudtire d80 also removes a portion of support structure 180 over

insulating layer 134. FIG. 3k shows a top.or plan view of bu 162 with a cjrcular cross-section,
after support structure %@O%laes C-}Cerelncffi")}1‘rlor%1éd %%%%Pn%%f&ﬁ%gﬁl%&rlﬁpgn& %o\ﬁlt%]f:ltr%édg {32 Support
structure d80iswrraundsadmang Biatesalr kb8 FIG. 8YBhowsectopadryplan vielwofibgmps 162 with a

rectangular cross-section zixft r.support structure 180 as been formed over. inﬁul ting layer 134 and
contac PaS 1350 L BBoR St e TRy S eurch B e e Reea T et
shown intRIGe 8a% buntpp nvéterial b 8lis yeffowed by dreating coadactivednemp avatesabtsg above its

melting pojit, gieating a dame ghangd uppe surfase gLIUMBS 462, LSqTe A0BlicRlians, bump materia

158 is reflowed multipié times to 1mprove electrical and mechanical connections. Support structure 180
contains bahfprmalerial 458 Huring ke Fefisw plocessrideredaces tiroodauriereatst bridging or electrical

shorts between adjacent bumps 162. Suppottstrugtyre, 180.als reduces the growth of NG during the

reflow process. Support structure 180 also provides structural support for bumps 162 and the electrical

connectiérPbéfiderrisdtfips 162 cvhtadtriseB BdGiigPeExFarisiort ahd €6Atrdétidrrdlthe materials.

The assepbly is gingulated glongsaivstreet26-with saywblade or Lasencutting teol 200.
Alternatively, contact pads 132 can be offset in multiple rows
such that a first row of contact pads is disposed a first
distance from the edge of the die, and a second row of contact
pads alternating with the first row is disposed a second
distance from the edge of the die.

FIG. 3c shows an enlarged cross—-sectional view of a

portion of semiconductor wafer 120, focusing on contact pads 132
and an area immediately surrounding the contact pad. An
insulating or passivation layer 134 is formed over active
surface 130 and conductive layer 132 using PVD, CVD, printing,
spin coating, spray coating, sintering or thermal oxidation.
The insulating layer 134 contains one or more layers of silicon
dioxide (Si02), silicon nitride (Si3N4), silicon oxynitride
(SiON), tantalum pentoxide (Ta205), aluminum oxide (A1203, or
other material having similar insulating and structural

properties. A portion of insulating layer 134 is removed by an
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FIG. 4 shows the assembly from FIGs. 3a-3m after singulation. Contact pads 132 are formed over active
surface 130 of semiconductor die 124, and are electrically connected to UBM layer 159, and bump
material 158. Collectively, bump material 158 and UBM layer 159 constitute bumps 162. Bumps 162 have
a height H1, extending from the upper surface of insulating layer 134 to the upper surface of bumps 162.
An insulating layer 170 is formed over bumps 162 and semiconductor die 124. Insulating layer 170 is

etched to*fenioveda PORICTEST iRSHAtAG 1ayeP 178 Tovering the dpper Stitfaceléi'BumpL 162 Fhe
remaining inswlating layer LzQicenglitutes syppadstrusture 180. Supportstiusture t8@0oyers a portion of
a sidewall of bumps 162, sidewall of UBM layer 159, :unction between UBM layer 159 and insulating layer
134, and‘?ﬁﬁﬂéﬁ%sla}/éﬁ 134 AdjacehEd OBM RSeF 1%@?%0&@5’&1%%%%({%@ potfioR Bf support
structure 86adjacentio busips/E62 has atheightgreates thart ong fawrtheof HB4 and Supped structure
180 provides ﬁtructural u%)é)ortt umps 162 and helps to maintain the ,electricﬁil onnection between

ﬁp §13 |

bumps 162 %At Cohtact ring ekpahSion A ¢BithActioRFSHihe Fraterdls eUppdt structure

180 also ehdirbnméentatlyseals the uncticrhbetweentdBM layercth@ and insudatingslayeet34 tesreduce
the occurr%ncerof th}g ro¥1v£h 1; ItNCr:1 Sli%p%rg s%tﬁture 180 also contains bumps 162 during the reflow of
bump material 1%?3 to'reduce the occurrence of ridging or electrical shorts between adjacent bumps 162.
FIGs. 5a-5n lllustrate, inrefation tods1Gs. b laank2a=-2c ca prodessof Terying téAductive vias through a

semicon%lrjctor d vicde with SUp rtitngnstrLictures elgc%ical(l% onr]Cected contact pads. In FIG. 5a, a
temporaryes%%gtlratee or carfier g]?f cont%insaga?crrhfiag%r base mcateﬁglcsualleas éalﬁ/ceorn, po yrﬁlesr%%%ryllium
oxide, glassy ot bther suitabledowsdost, ritsie praterialfopstrgctaral suppor sAntnterface laysrior

double-sided tapg 213 is farmed over carrier 212.as a temporary adhesive honding fil, etch-stop layer,

or release layer. A semiconductor wafer or substrate 214 contains base material, such as silicon,
germanignigaliumnardrseide nkdiune phosphidecorlsilicon davbides for structurabSGopory 4s-a

Smﬂmon@é@@'layer 148 can be any suitable alloy seed layer, such as
titanium copper (TiCu), titanium tungsten copper (TiWCu), or
tantalum nitrogen copper (TaNCu). Seed layer 148 follows the
contour of insulating layer 134 and conductive layer 132. Seed
layer 148 is electrically connected to conductive layer 132.

A patterning or photoresist layer 140 is formed over
seed layer 148, insulating layer 134, and conductive layer 132
using printing, spin coating, or spray coating. In some
embodiments that utilize an insulating layer for patterning, the
insulating layer can include one or more layers of Si02, Si3N4,
Si0ON, Ta205, Al203, or other material having similar structural
properties. A portion of photoresist layer 140 is removed by an
etching process to form openings 144. Openings 144 expose a
portion of seed layer 148, and are positioned over conductive
layer 132. 1In one embodiment, openings 144 have a circular
cross—sectional area configured to form conductive bumps with a
cylindrical shape including a circular cross-section. 1In
another embodiment, openings 144 have a rectangular cross-—

sectional area configured to form conductive bumps with a cubic
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wafer, substrate 214 can contain embedded Integrated semiconductor die or discrete devices. Substrate
214 can also be a multi-layer flexible laminate, ceramic, or leadframe. Substrate 214 has a non-active
inter-die wafer area or saw street 216 to provide a cutting area to singulate substrate 214 into individual
semiconductor die as described above. Substrate 214 is mounted to Interface layer 213 over carrier 212.
A plurality of blind vias 222 is formed through substrate 214 using laser drilling, mechanical drilling, or
DRIE. In DR&RmMBEEHEN Wind Vigs 22248 vt extifiht6igh e -entire substrate 214. In FIG.
5b, the sidewalls of blind)vias@2223are coated with:a; linerlgyer22h.using £ VIR, YD1 printing, spin
coating, or spray coating. Liner layer 225 can be one or more layers of silicon nitride (SIN), SION, 1a203,
or other iRSTAGRG tHirt ¥ilAProGLEer Wit a SGf&bIE TERBuci gitid IF Bari& 8y &8¢ and €an Include any
suitable contlugtive tiner-alloyisughaasilahk o5 TINepoany other suisalle condugtivesliner material. Blind
vias 222 are filled with AI,DCu, Sn, Ni, Au, Aéq, Ti, W, poly-silicon, or other suitable electrically conductive
material G3ind efdtrolyticlating el EHDIESE plating %(igccetsg?gﬁf Sthier BuftabiB fetal deposition process
to form zdirection Vedicabtandugiive blinddias226 layer InFIGcSe, btedace layemd2é is formed
over a tqué)orarg sgpsdg’ilte %rucarggr 2%% Cﬁrrier£§8 c/gntains sa r}ilficial basteargi\teerial such as silicon,

polymer, e?]yﬁﬁum oxide. ‘glass, of other stitable Iowfcos%’rigcfa matenial for stractural support. Interface

layer 227edeis asiactehporapnddiesives boadiag fitr,. etchrstop dayenodretease, lagpem Substrate 214 is
Inverted :i\nd n}ou}rgezd over c%rrier 228 gViEQ Interface Iaéer 227, ﬁ surfa%eeo onduc(t/i}é% lind vias 226

contact interface ayer%%?jréa?rlser 12%and ﬁér%cellaa er 213 are remove 69 chemica etching,

mechanica peeling, CNPY mechbnicah grinding) thepmal bdlie_eJ,HUV(H’ight, IaTsié’ﬂ,scapnmg,Ccr; wet stripping to
expose a gyrface of substrate 214, . IpFG, 28,13 portion of substrage 214 Is rgmoved by

mechanical grinding, chemical etching, chemical-mechanical planarization, or reactive ion etching (RIE),
to expos€antupper shirface of sabystraté 244, a~kdaAUppey poltiiest dontuttive Vst226: Tohductive

blind vias.226 baye & crgss-segtional width \1. In gne smbodiment, width Wkis 10 pm. Conductive blind

vias 226 have a height H2, extending from the upper surface of substrate 214 to the portion of liner layer
225 covering surface 230°6ftohduetivebiid vias 2ps. conformally applied over

conductive layer 152 using a patterning and metal deposition
process such as printing, PVD, CVD, sputtering, electrolytic
plating, and electroless plating. Conductive layer 156 can be
one or more layers of Al, Cu, Sn, Ti, Ni, Au, Ag, or other
suitable electrically conductive material. In one embodiment,
conductive layer 156 operates as an adhesion layer and can be
Ti, TiN, Tiw, Al, or chromium (Cr), or other suitable material.
Conductive layer 156 follows the contour of conductive layer
152. Conductive layer 156 is electrically connected to
conductive layer 152, seed layer 148, and conductive layerl132.
In FIG. 3f, an electrically conductive paste or bump
material 158 is deposited within openings 144 and over
conductive layer 156 using an evaporation, electrolytic plating,
electroless plating, ball drop, or screen printing process.
Conductive bump material 158 can be Al, Sn, Ni, Au, Ag, Pb,
bismuth (Bi), Cu, indium (In), solder, and combinations thereof,

with an optional flux solution. For example, conductive bump
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In FIG. 5e, the portion of liner layer 225 covering conductive blind vias 226 is removed by mechanical
grinding, chemical etching, chemical-mechanical planarization, or RIE to expose surface 230 of
conductive blind vias 226. In embodiments where liner layer 225 includes an insulating material and a
glue or barrier layer, after removing a portion of liner layer 225 to expose surface 230 of conductive blind
vias 226, surface 230 provides a contact surface for improved electrical interconnect between conductive

blind vias'226 And Subséqiétitly¥oried ohdtictie/ [afersh 1 9P~ L e fiflaRGthéF Embobinm&RE Shown in FIG.
5f, the ingulating; thig &ilm of thenpertionwf linenlayer22% cavering carductivediingd yias 226 is removed by
mechanical grinding, chemical etching, chemical-mechanical planarization, or RIE, while leaving the
conductive atsHal Teldding the glue orBitrigr RYEF 8P mTerddyet 238 FheTentdiming Portion of liner
layer 225-mairdains conerageaver sirface 230wfwonduetivenhling-vias 226 sangegonsiitidas a conductive

liner layer 231. Conductive liner layer 231 includes the conductive glue or barrier layers, conductive liner
alloy, o1 oM TEE TGP ath i o GGG 535 Frbhmving TG ettty RICHAT GEey layer 225 to
form condustive linet layet 23 1oves suface 2300f conductive blinerrias 226 enabtes improved electrical

interconnectivity betw caonductive blind vias 226 and suhsequently for di onductive layers.
Continuing RIS, o i TG 1890 20 L diboBtba boer BUbstrath 21T i ctve vias 226
using PVDo G\J, printihge Spimecdating . Spray coating, screen printing or lamination, as shown in FIG. 5g.

Insulating layer 232 caElnbeF%r&e on morell%/ers of SiQCZ, §ai13N4, %l%\l I%g& AI20§tI§gB,gPIyimide (P1),

. . . . ‘- rtores S p . O
suitable dielectric material, p otosetisitive or ﬁon-ﬁﬁotose%&ﬁve polymer d|§le}8tr|c, such as

polybenzegazolés {RBO)} 48wctehtpetatuse Earitigppolymeridiclectticaesist elgytess tHah 250C, SiN,
SION, or 5iQ2, ar.other.material haying similacingylagng and structural properties. , ,  +dn FIG. 5h,
insulating layer 232 is blanket etched Using a plasma process, wet chemical etching, LDA, or photoresist
developimgprocess %o Fsduicethe dhicRress ofirstlating layer232ndvie reawsve d padrtionrst insulating

layer 232 covering the upper surfage af conductive vias.226.in,ane embadiment, the blankef etching

process of insulating layer 232 can also remove the portion of liner layer 225 covering conductive blind
via 226 t6-eXpése Surface*280 BF ednductive BHRERFa 226. Incibadifmietts Where HiEr 1ayer 225 is an

insulating. material : kemeying aportion gf lineydayer 22510 expase susiace 230-afcondugctive blind vias
226, surface 230 provides a contact surface for electrical interconnect between conductive blind vias 226

and subseflBRMF fistmed CotRitiefive L ayddY iferhbodimerits WiermRer e 25 418 cBhiEctive

material is reflowed by heating bump material 158 above its
melting point. In some applications, bumps 162 are reflowed a
second time to improve electrical contact to conductive layer
156. Bumps 162 have a height H1 that extends from an upper
surface of insulating layer 134, to an upper surface of bump
material 158.

In FIG. 3h, an insulating layer 170 is deposited over
bumps 162, and insulating layer 134 using PVD, CVD, printing,
spin coating, spray coating, screen printing, or lamination.
Insulating layer 170 can be one or more layers of Si02, Si3N4,
Si0ON, Ta205, Al203, BCB, polyimide (PI), suitable dielectric
material, photosensitive or non-photosensitive polymer
dielectric, such as polybenzoxazoles (PBO), low temperature
curing polymer dielectric resist, e.g., less than 250°C, SiN,

Si0ON, or Si02, or other material having similar insulating and
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alloy, exposing surface 230 of conductive blind vias 226 enables improved electrical interconnectivity
between conductive blind vias 226 and subsequently formed conductive layers. After the blanket etching
process, the remaining portion of insulating layer 232 constitutes support structure 236. Support
structure 236 covers a portion of a sidewall of conductive vias 226, junction between conductive vias 226,
and substrate 214 adjacent to conductive vias 226. Support structure 236 provides structural support to
conductive-vias 226duritig &§iansioh-and contraction of the materials. Support structure 236 also

environmentally seals the janctiorshetwaesn condugstve Yigsr2367and substeate 2 4desaduce the
occurrence of the growth of INC. In one embodiment, end-point detection or time-controlled etching is
used to enSuP At tHE BBRIOR S Sopport Suctlte236Huj&deMt 16 CondliétiveNias 226 has a height
greater tharvene &urdtobld2e 1 op i nglncanotbersembodisarit eshown thk ki ssupport structure 236
covers a portion of the sidewall %f conductive vias 226, junction betwegn condﬂictive vias 226 and

substrate 2T4 Hhd pstion B substratd P14 5HiadEnt 18 coRAGSVE Vias 228 Thé bidiket 8hing process
of removingta portioniafdnsulating yer. 232 to fore suppaott stsucturea236 atsoaeaiovies ianporntion of

support structure 236 over.insulating. layer 232. Continuing from FIG. 5h, an electrically
o B8 557 I ortRed R S oo SREGtr e 3R S DA B oo a8 N 226 using

PVD, CVDy, etectolyticiplating;redectrolessi plating processageother Suitalnie metat depaesitgroprocess, as

shown in FtIG. gjc Cond%gve layer 242 can be one or more layers of Al, Cu, Sn, Ni, Au, Ag, or other

. ru re . . . .
suitable eslectrlcaﬁly conductive material. Conductive layer 242 operates as contact pads electrically
connected to conductiviigipe?6structure 180 covers a portion of a sidewall

of bumps 162, sidewall of UBM layer 159, junction between UBM
layer 159 and insulating layer 134, and insulating layer 134
adjacent to UBM layer 159. Support structure 180 provides
structural support to bumps 162 and helps to maintain the
electrical connection between bumps 162 and contact pads 132
during expansion and contraction of the materials. Support
structure 180 also environmentally seals the junction between
UBM layer 159 and insulating layer 134 to reduce the occurrence
of the growth of IMC. Support structure 180 also contains bumps
162 during the reflow of bump material 158 to reduce the
occurrence of bridging or electrical shorts between adjacent
bumps 162. In one embodiment, end-point detection or time-
controlled etching is used to ensure that the portion of support
structure 180 adjacent to bumps 162 has a height greater than
one fourth of HI.

In another embodiment, shown in FIG. 33j, support
structure 180 covers a portion of the sidewall of bumps 162,
sidewall of UBM layer 159, junction between UBM layer 159 and
insulating layer 134, and portion of insulating layer 134
adjacent to UBM layer 159. The blanket etching process of

removing a portion of insulating layer 170 to form support
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but with an upper surface area greater than the upper surface area of conductive vias 226. In
FIG. 5k, an insulating or passivation layer 244 is formed over substrate 214, support structure 236, and
conductive layer 242 using PVD, CVD, printing, spin coating, spray coating, sintering or thermal oxidation.
The insulating layer 244 contains one or more layers of S102, SI3N4, SION, Ta205, Al203, or other
material having similar insulating and structural properties. In FIG. Si, a portion of insulating layer

244 is remobed by=h etching proce s thre Gyt alpotdreRist fayRr frst'showng 16 forhifing ©Penings 248

and expaseccondystive laygr 242 Alternatively, openings 248 are formed by LDA using laser 249 to
remove a portion of insulating layer 244 and expose conductive layer 242. In one embadiment, openings

248 have a cross-sectiondl'width GRAtEr thahWidtH Wi LARotALF BoRtion B Edhtadt patis 2427 emains
covered by insulatingdayers244 Jhecsidewalts-of epenings 248 canthave al@pered; straight, or stepped
profile. In_one egbodiment, 0 ;nin s§4§ have ross-sﬁ?ctional area greater \g/\t%an a surface area of the

upper suffacd o cSdictive Vs 3V 5 Bt BRoWwS A 0P or BIaH view of tha Ba&8mbly from

S
FIG. Si, withrapenings 248 havinga citeulanerpssesection 10 expose A portion okthewspper sopface of
conductl\éerla %%42..In one erkr;bod|mq_rg2thv§ie;C osed ngface o{ggnductlve Ia%r 242 has a larger

surface aréa than'a Surface area of the upper strface of conductive vias 236. F 5 °EHows a top or plan

view of thefassemblydrom FGr8i; withcopetiings: 248 davingcer restangutar cross-sectionyto expose a

portion of the.pner surfage of cenductive ayer242. In ons embadiment, (he exppsed surfageof
conductive I%yer has a larger surface area than a surface area of the upper surface of conductive
vias 226 Bevausetthe exposed conductive surface is larger than the surface area of conductive vias 226,

the alignment, functionglity,, and £ghiability of electrical connectinns with additigngl electianic deyices is

InuNOVEdis reflowed by heating conductive bump material 158 above its
melting point, creating a dome-shaped upper surface of bumps
162. In some applications, bump material 158 is reflowed
multiple times to improve electrical and mechanical connections.
Support structure 180 contains bump material 158 during the
reflow process and reduces the occurrence of bridging or
electrical shorts between adjacent bumps 162. Support structure
180 also reduces the growth of IMC during the reflow process.
Support structure 180 also provides structural support for bumps
162 and the electrical connection between bumps 162 and contact
pads 132 during expansion and contraction of the materials. The
assembly is singulated along saw street 126 with saw blade or
laser cutting tool 200.

FIG. 4 shows the assembly from FIGs. 3a-3m after

singulation. Contact pads 132 are formed over active surface
130 of semiconductor die 124, and are electrically connected to
UBM layer 159, and bump material 158. Collectively, bump
material 158 and UBM layer 159 constitute bumps 162. Bumps 162
have a height H1l, extending from the upper surface of insulating

layer 134 to the upper surface of bumps 162.
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In FIG. 50, the assembly from FIG. 5k is singulated through insulating layer 244, support structure 236,

substrate 214, and saw street 216 with saw blade or laser cutting tool 250 into individual semiconductor
package 252. FIG. 6 shows semiconductor package 252 after singulation. Conductive vias 226
are formed through substrate 214 and have a height H2, extending from the upper surface of substrate

214 to the upper surface of conductive vias 226. An insulating layer 232 is formed over

conductive vias 226 arft'sustraté 214 9Insak4tihg tdyer 23208 8iehe PibSrentdi’Ps pbRiorPdiinsulating
layer 232-coveringdhe tppensurface:of canductive viag 226, diherrgmairingtasidating layenad2
constitutes support structure 236. Support structure 236 covers a portion of a sidewall of conductive vias
226, junclioR Betweln 2onductivedias 926 AKasubdftafePYE4, Al di5strat® 214 Adfdent tEonductive
vias 226 Jogpe erabodinety, thenportiomof support strueture: 236 adjacenbioseanductive vias 226 has a
height greater than one fourth of Support structure 23§ g@ovides structural suigort to

cti r

H2.
conductive Vias 556Sdiﬁ?ﬁ%t%ean%|%o%'anc? BERPACtoh Ot Hhie LhRdUctive S 256 And¥Ubstate 214.
Support struciurei2B6valsd environmentdlly’seads thewjahatiant bemreehsganductive viasriz26iand substrate

214 to re%u e (teheeno rrelné:eeof tgg gromr{tdtl)ofnlN% in lC(:_Jlonecluc i\éeilayt_gzrr1 54%!% Il rg]celdnover support
structure % ) condt?c%%%e Vlé/S §2 ) andasu s]tra?e ‘_aLEl an% opé]ra’ifes as a g

layer 134 adjacent to UBM layer 159. 1In one embodiment, the

portion of support structure 180 adjacent to bumps 162 has a

height greater than one fourth of HI.

Support structure 180 provides structural support to
bumps 162 and helps to maintain the electrical connection
between bumps 162 and contact pads 132 during expansion and
contraction of the materials. Support structure 180 also
environmentally seals the junction between UBM layer 159 and
insulating layer 134 to reduce the occurrence of the growth of
IMC. Support structure 180 also contains bumps 162 during the
reflow of bump material 158 to reduce the occurrence of bridging
or electrical shorts between adjacent bumps 162.

FIGs. 5a-5n illustrate, in relation to FIGs. 1 and 2a-
2c, a process of forming conductive vias through a semiconductor
device with supporting structures and electrically connected
contact pads. In FIG. 5a, a temporary substrate or carrier 212
contains sacrificial base material such as silicon, polymer,
beryllium oxide, glass, or other suitable low-cost, rigid
material for structural support. An interface layer or double-
sided tape 213 is formed over carrier 212 as a temporary
adhesive bonding film, etch-stop layer, or release layer. A
semiconductor wafer or substrate 214 contains base material,
such as silicon, germanium, gallium arsenide, indium phosphide,

or silicon carbide, for structural support. As a semiconductor
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contact pad. Conductive layer 242 is electrically connected to conductive vias 226 with a surface area
greater than the surface area of conductive vias 226. Insulating layer 244 is formed over conductive layer
242 and a portion of insulating layer 244 is removed by an etching process to create openings 248. In one
embodiment, openings 248 have a cross-sectional area greater than an upper surface of conductive vias
226. Because the exposed conductive surface is larger than the surface area of conductive vias 226, the
alignment ¥GREtoraiRS Ehatreliaifity el tica ConRBERSIEERith 8RR Electronic devices is
improveds emi condMbite-ene 0 more emkadiments=efitbe pPresentirvantion have kean lustrated in
detail, the skilled artisan will appreciate that modifications and adaptations to those embodiments may be
made withGufd8parting HORT thef d6ohERdithé PredéHt Svertion s et 3ortH it the fii6wing claims.
Claims Whiat 43 elairaed: 1k A method of making a semieonductonderice, comprisings roviding a
semicondsuctor wafze{ ga%/ing a glurglity of contact pads;

provide” a

treet o) cutting area to singulate substrate 214
into individual semiconductor die as described above. Substrate
214 is mounted to interface layer 213 over carrier 212. A

plurality of blind vias 222 is formed through substrate 214
using laser drilling, mechanical drilling, or DRIE. In one
embodiment, blind vias 222 do not extend through the entire
substrate 214.

In FIG. 5b, the sidewalls of blind vias 222 are coated
with a liner layer 225 using PVD, CVD, printing, spin coating,
or spray coating. Liner layer 225 can be one or more layers of
silicon nitride (SiN), SiON, Ta203, or other insulating thin
film, together with a suitable conductive glue or barrier layer,
and can include any suitable conductive liner alloy such as TaN,
or TiN, or any other suitable conductive liner material. Blind
vias 222 are filled with Al, Cu, Sn, Ni, Au, Ag, Ti, W, poly-
silicon, or other suitable electrically conductive material
using electrolytic plating, electroless plating process, or
other suitable metal deposition process to form z-direction
vertical conductive blind vias 226.

In FIG. 5c, interface layer 227 is formed over a
temporary substrate or carrier 228. Carrier 228 contains
sacrificial base material such as silicon, polymer, beryllium
oxide, glass, or other suitable low-cost, rigid material for
structural support. Interface layer 227 acts as a temporary
adhesive bonding film, etch-stop layer, or release layer.
Substrate 214 is inverted and mounted over carrier 228 with

interface layer 227. A surface of conductive blind vias 226
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forming a first insulating layer over the semiconductor wafer and contact pads; removing a portion of
the first insulating layer to expose a first portion of the contact pads, while leaving a second portion of the
contact pads covered by the first insulating layer; forming an under bump metallization layer over the
contact pads and the first insulating layer; forming a plurality of bumps over the under bump
metallization layer; forming a second insulating layer over the semiconductor wafer to cover the first

insulating"RYeR A sidewall bf the dRdETbUMP metafizatGT layer Sdevail6rthbastingS4d upper

surface of the humpscabded WMEVIBG afR0rtien of the;secandnnsulating faver coveringithe upper
surface of the bumps, while maintainigg}%:overage of the second insulating layer over the sidewall of the

bumps afi e St BF i ander bietalfizafion lael i Brovide StrdctiRa SUppart f&Fthe bumps
and preveatgrowth ppinier-metalipeempaunds:face of substrate 214.

In FIG. 5d, a portion of substrate 214 is removed by
mechanical grinding, chemical etching, chemical-mechanical
planarization, or reactive ion etching (RIE), to expose an upper
surface of substrate 214, and an upper portion of conductive
vias 226. Conductive blind vias 226 have a cross-sectional
width Wl. In one embodiment, width Wl is 10 um. Conductive
blind vias 226 have a height H2, extending from the upper
surface of substrate 214 to the portion of liner layer 225
covering surface 230 of conductive blind vias 226.

In FIG. 5e, the portion of liner layer 225 covering
conductive blind vias 226 1is removed by mechanical grinding,
chemical etching, chemical-mechanical planarization, or RIE to
expose surface 230 of conductive blind vias 226. In embodiments
where liner layer 225 includes an insulating material and a glue
or barrier layer, after removing a portion of liner layer 225 to
expose surface 230 of conductive blind wvias 226, surface 230
provides a contact surface for improved electrical interconnect
between conductive blind vias 226 and subsequently formed
conductive layers.

In another embodiment, shown in FIG. 5f, the
insulating thin film of the portion of liner layer 225 covering
conductive blind vias 226 is removed by mechanical grinding,
chemical etching, chemical-mechanical planarization, or RIE,
while leaving the conductive material including the glue or
barrier layer of liner layer 225. The remaining portion of
liner layer 225 maintains coverage over surface 230 of

conductive blind vias 226 and constitutes a conductive liner
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2. The method of claim 1, wherein removing the portion of the second insulating layer further includes
maintaining a thickness of the second insulating layer at the sidewall of the bumps greater than one
fourth of a height of the bumps. 3. The method of claim 1, wherein removing the portion of the second
insulating layer further includes maintaining coverage of the second insulating layer over the first
insulatingtlayer outside a footprint of the bumps. 4. The method of claim 1, wherein forming the under

bump metailiZationtayer further fifchifest fotRfing ahsddhediontBgerevet thBpluraiytt cohtact

glue or barrier layers, conductive liner alloy, or conductive
liner material of liner layer 225. Removing the insulating thin
film of liner layer 225 to form conductive liner layer 231 over
surface 230 of conductive blind vias 226 enables improved
electrical interconnectivity between conductive blind vias 226
and subsequently formed conductive layers.

Continuing from FIG. 5f, an insulating layer 232 1is
deposited over substrate 214 and conductive vias 226 using PVD,
CVvD, printing, spin coating, spray coating, screen printing or
lamination, as shown in FIG. 5g. Insulating layer 232 can be
one or more layers of Si0O2, Si3N4, SiON, Ta205, Al1203, BCB,
polyimide (PI), suitable dielectric material, photosensitive or
non-photosensitive polymer dielectric, such as polybenzoxazoles
(PBO), low temperature curing polymer dielectric resist, e.g.,
less than 250°C, SiN, SiON, or Si02, or other material having
similar insulating and structural properties.

In FIG. 5h, insulating layer 232 is blanket etched
using a plasma process, wet chemical etching, LDA, or
photoresist developing process to reduce the thickness of
insulating layer 232 and to remove a portion of insulating layer
232 covering the upper surface of conductive vias 226. In one
embodiment, the blanket etching process of insulating layer 232
can also remove the portion of liner layer 225 covering
conductive blind via 226 to expose surface 230 of conductive
blind via 226. In embodiments where liner layer 225 is an
insulating material, removing a portion of liner layer 225 to
expose surface 230 of conductive blind vias 226, surface 230
provides a contact surface for electrical interconnect between
conductive blind vias 226 and subsequently formed conductive

layers. In embodiments where liner layer 225 is a conductive
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pads; forming a barrier layer over the adhesion layer; and forming a wetting layer over the barrier layer. 5.
A method of making a semiconductor device, comprising: providing a semiconductor wafer; forming a
plurality of conductive vias through the semiconductor wafer having a portion that extends above a
surface of the semiconductor wafer; forming an insulating layer over the semiconductor wafer and the
conductive vias; and removing a portion of the insulating layer covering an upEer surface of the

conductivevia¥, whie Rratmtdiniiy E6vérage Of fle mRbfingIdertvierd sidéwalt 6Pthercontitetive vias
to provide sfuetueal stippettforthe conductiveNiest ivity between conductive blind

vias 226 and subsequently formed conductive layers. After the
blanket etching process, the remaining portion of insulating
layer 232 constitutes support structure 236.

Support structure 236 covers a portion of a sidewall
of conductive vias 226, junction between conductive vias 226,
and substrate 214 adjacent to conductive vias 226. Support
structure 236 provides structural support to conductive wvias 226
during expansion and contraction of the materials. Support
structure 236 also environmentally seals the junction between
conductive vias 236 and substrate 214 to reduce the occurrence
of the growth of IMC. In one embodiment, end-point detection or
time-controlled etching is used to ensure that the portion of
support structure 236 adjacent to conductive vias 226 has a
height greater than one fourth of H2.

In another embodiment, shown in FIG. 5i, support
structure 236 covers a portion of the sidewall of conductive
vias 226, junction between conductive wvias 226 and substrate
214, and portion of substrate 214 adjacent to conductive vias
226. The blanket etching process of removing a portion of
insulating layer 232 to form support structure 236 also removes
a portion of support structure 236 over insulating layer 232.

Continuing from FIG. 5h, an electrically conductive
layer 242 is formed over support structure 236, substrate 214,
and conductive vias 226 using PVD, CVD, electrolytic plating,
electroless plating process, or other suitable metal deposition
process, as shown in FIG. 5j. Conductive layer 242 can be one
or more layers of Al, Cu, Sn, Ni, Au, Ag, or other suitable
electrically conductive material. Conductive layer 242 operates

as contact pads electrically connected to conductive vias 226,
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6. The method of claim 5, wherein forming the conductive vias further includes: forming a temporary
substrate over the semiconductor wafer; forming a plurality of vias through the temporary substrate
and the semiconductor wafer; depositing a conductive material in the plurality of vias; and

but with an upper surface area greater than the upper surface
area of conductive wvias 226.

In FIG. 5k, an insulating or passivation layer 244 is
formed over substrate 214, support structure 236, and conductive
layer 242 using PVD, CVD, printing, spin coating, spray coating,
sintering or thermal oxidation. The insulating layer 244
contains one or more layers of Si02, Si3N4, SiON, Taz205, Al203,
or other material having similar insulating and structural
properties.

In FIG. 51, a portion of insulating layer 244 is
removed by an etching process through a photoresist layer (not
shown) to forming openings 248 and expose conductive layer 242.
Alternatively, openings 248 are formed by LDA using laser 249 to
remove a portion of insulating layer 244 and expose conductive
layer 242. 1In one embodiment, openings 248 have a cross-
sectional width greater than width Wl. Another portion of
contact pads 242 remains covered by insulating layer 244. The
sidewalls of openings 248 can have a tapered, straight, or
stepped profile. 1In one embodiment, openings 248 have a cross-
sectional area greater than a surface area of the upper surface
of conductive wvias 226.

FIG. 5m shows a top or plan view of the assembly from
FIG. 51, with openings 248 having a circular cross—-section to
expose a portion of the upper surface of conductive layer 242.
In one embodiment, the exposed surface of conductive layer 242
has a larger surface area than a surface area of the upper
surface of conductive vias 226. FIG. 5n shows a top or plan
view of the assembly from FIG. 51, with openings 248 having a
rectangular cross-section to expose a portion of the upper
surface of conductive layer 242. In one embodiment, the exposed

surface of conductive layer 242 has a larger surface area than a
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removing the temporary substrate. 7. The method of claim 6, further including: depositing a liner layer
in the plurality of vias; and removing a portion of the liner layer to expose the conductive material. 8. The
method of claim 6, further including: depositing a liner layer including an insulating thin film and a
conductive liner material; and removing a portion of the insulating thin film over the conductive vias to

form a conductive liner layer. , ,
surface area of the upper surface of conductive vias 226.

Because the exposed conductive surface is larger than the
surface area of conductive vias 226, the alignment,
functionality, and reliability of electrical connections with
additional electronic devices is improved.

In FIG. 50, the assembly from FIG. 5k is singulated
through insulating layer 244, support structure 236, substrate
214, and saw street 216 with saw blade or laser cutting tool 250
into individual semiconductor package 252.

FIG. 6 shows semiconductor package 252 after
singulation. Conductive vias 226 are formed through substrate
214 and have a height H2, extending from the upper surface of
substrate 214 to the upper surface of conductive vias 226.

An insulating layer 232 is formed over conductive vias
226 and substrate 214. Insulating layer 232 is etched to remove
a portion of insulating layer 232 covering the upper surface of
conductive vias 226. The remaining insulating layer 232
constitutes support structure 236. Support structure 236 covers
a portion of a sidewall of conductive vias 226, junction between
conductive vias 226 and substrate 214, and substrate 214
adjacent to conductive vias 226. In one embodiment, the portion
of support structure 236 adjacent to conductive vias 226 has a
height greater than one fourth of H2.

Support structure 236 provides structural support to
conductive vias 226 during expansion and contraction of the
conductive vias 226 and substrate 214. Support structure 236
also environmentally seals the junction between conductive vias
226 and substrate 214 to reduce the occurrence of the growth of
IMC.

Conductive layer 242 is formed over support structure

236, conductive vias 226, and substrate 214 and operates as a
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9. The method of claim 5, wherein removing the portion of the insulating layer includes maintaining a
thickness of the insulating layer greater than one forth a height of the portion of the conductive vias that
extends above the surface of the semiconductor wafer. 10. The method of claim 5, further including:
forming a conductive layer over and electrically connected to the conductive vias; forming an
insulating layer over the semiconductor wafer and the conductive layer; and removing a portion of the

insulating"RYER 6VePha condbBiVE ay8F to-exidse’d Surfacé arsadritha condaetine cted to

conductive vias 226 with a surface area greater than the surface
area of conductive vias 226. Insulating layer 244 is formed
over conductive layer 242 and a portion of insulating layer 244
is removed by an etching process to create openings 248. 1In one
embodiment, openings 248 have a cross—-sectional area greater
than an upper surface of conductive wvias 226. Because the
exposed conductive surface is larger than the surface area of
conductive vias 226, the alignment, functionality, and
reliability of electrical connections with additional electronic
devices is improved.

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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layer greater than a surface area of the upper surface of the conductive vias. 11. A method of making a
semiconductor device, comprising: providing a semiconductor wafer; forming a conductive
interconnect structure having a height extending above a surface of the semiconductor wafer; forming
an insulating layer over the semiconductor wafer and the conductive interconnect structure; and
removing a portion of the insulating layer covering an upper surface of the conductive interconnect
structure while maintaining coverage of the insul ﬂwﬁ’ﬂﬁer over a sidewall of the conductive interconnect
structure. 12. The method of claim 11, wherein forming the conductive interconnect structure further

includes forming a plurality of conductive bumps over the semiconductor wafer.
What 1s claimed:

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

providing a semiconductor wafer having a plurality of
contact pads;

forming a first insulating layer over the semiconductor
wafer and contact pads;

removing a portion of the first insulating layer to expose
a first portion of the contact pads, while leaving a second
portion of the contact pads covered by the first insulating
layer;

forming an under bump metallization layer over the contact
pads and the first insulating layer;

forming a plurality of bumps over the under bump
metallization layer;

forming a second insulating layer over the semiconductor
wafer to cover the first insulating layer, a sidewall of the
under bump metallization layer, sidewall of the bumps, and upper
surface of the bumps; and

removing a portion of the second insulating layer covering
the upper surface of the bumps, while maintaining coverage of
the second insulating layer over the sidewall of the bumps and
the sidewall of the under bump metallization layer to provide
structural support for the bumps and prevent growth of inter-

metallic compounds.

2. The method of claim 1, wherein removing the portion of the

second insulating layer further includes maintaining a thickness
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13. The method of claim 11, wherein forming the conductive interconnect structure further includes
forming a plurality of conductive vias through the semiconductor wafer. 14. The method of claim 11,
wherein removing the portion of the insulating layer further includes maintaining a thickness of the
insulating layer greater than one forth the height of the conductive interconnect structure extending above
the surface of the semiconductor wafer. 15. The method of claim 11, wherein removing the portion of the

insulatingfayeF furftief MudeS hufritaimihg eShsdating SayerGiteitt £peripifery $fitive conductive
interconnget structure, s 16.0A semicagnductar devige; §empsisindie bumps .

3. The method of claim 1, wherein removing the portion of the
second insulating layer further includes maintaining coverage of
the second insulating layer over the first insulating layer

outside a footprint of the bumps.

4. The method of claim 1, wherein forming the under bump
metallization layer further includes:

forming an adhesion layer over the plurality of contact

pads;
forming a barrier layer over the adhesion layer; and
forming a wetting layer over the barrier layer.

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

providing a semiconductor wafer;

forming a plurality of conductive wvias through the
semiconductor wafer having a portion that extends above a
surface of the semiconductor wafer;

forming an insulating layer over the semiconductor wafer
and the conductive vias; and

removing a portion of the insulating layer covering an
upper surface of the conductive vias, while maintaining coverage
of the insulating layer over a sidewall of the conductive vias

to provide structural support for the conductive vias.
6. The method of claim 5, wherein forming the conductive vias

further includes:

forming a temporary substrate over the semiconductor wafer;
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a semiconductor wafer; a conductive interconnect structure formed over the semiconductor wafer
having a height extending above the semiconductor wafer; and an insulating layer formed over the
semiconductor wafer that exposes an upper surface of the conductive interconnect structure while
maintaining coverage over a sidewall of the conductive interconnect structure. 17. The semiconductor
device of claim 16, further com rislniJO conductive layer formed over the upper surface of the conductive

interconnect straQEfE:"98 2T - Bsmiconiubior Hevite CHeRiAPL & ohdritPiiedondRichve ftéfRonnect

structure comprises a=pluralitys gt-eendugtive bpumps formed over the semiconductor wafer. 19. The
semiconductor device of ¢laim 16, wherein the conductive mterconnect structure comgrlses a plurality of

conductive V|asCﬁ@rﬁ’r‘?@&ﬁﬂrB@gﬁtﬁe%@rﬂf&Bﬁﬁﬁch?Wé@ the plurality of vias;

and

removing the temporary substrate.

7. The method of claim 6, further including:
depositing a liner layer in the plurality of vias; and
removing a portion of the liner layer to expose the

conductive material.

8. The method of claim 6, further including:

depositing a liner layer including an insulating thin film
and a conductive liner material; and

removing a portion of the insulating thin film over the

conductive vias to form a conductive liner layer.

9. The method of claim 5, wherein removing the portion of the
insulating layer includes maintaining a thickness of the
insulating layer greater than one forth a height of the portion
of the conductive vias that extends above the surface of the

semiconductor wafer.

10. The method of claim 5, further including:

forming a conductive layer over and electrically connected
to the conductive vias;

forming an insulating layer over the semiconductor wafer
and the conductive layer; and

removing a portion of the insulating layer over the

conductive layer to expose a surface area of the conductive
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20. The semiconductor device of claim 16, wherein a thickness of the insulating layer adjacent to the
conductive interconnect structure is greater than one fourth the height of the interconnect structure
extending above the surface of the semiconductor wafer.

layer greater than a surface area of the upper surface of the

conductive vias.

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

providing a semiconductor wafer;

forming a conductive interconnect structure having a height
extending above a surface of the semiconductor wafer;

forming an insulating layer over the semiconductor wafer
and the conductive interconnect structure; and

removing a portion of the insulating layer covering an
upper surface of the conductive interconnect structure while
maintaining coverage of the insulating layer over a sidewall of

the conductive interconnect structure.

12. The method of claim 11, wherein forming the conductive
interconnect structure further includes forming a plurality of

conductive bumps over the semiconductor wafer.

13. The method of claim 11, wherein forming the conductive
interconnect structure further includes forming a plurality of

conductive vias through the semiconductor wafer.

14. The method of claim 11, wherein removing the portion of the
insulating layer further includes maintaining a thickness of the
insulating layer greater than one forth the height of the

conductive interconnect structure extending above the surface of

the semiconductor wafer.

15. The method of claim 11, wherein removing the portion of the

insulating layer further includes maintaining the insulating
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layer outside a periphery of the conductive interconnect

structure.

16. A semiconductor device, comprising:

a semiconductor wafer;

a conductive interconnect structure formed over the
semiconductor wafer having a height extending above the
semiconductor wafer; and

an insulating layer formed over the semiconductor wafer
that exposes an upper surface of the conductive interconnect
structure while maintaining coverage over a sidewall of the

conductive interconnect structure.

17. The semiconductor device of claim 16, further comprising a
conductive layer formed over the upper surface of the conductive

interconnect structure.

18. The semiconductor device of claim 16, wherein the
conductive interconnect structure comprises a plurality of

conductive bumps formed over the semiconductor wafer.

19. The semiconductor device of claim 16, wherein the
conductive interconnect structure comprises a plurality of

conductive vias formed through the semiconductor wafer.

20. The semiconductor device of claim 16, wherein a thickness
of the insulating layer adjacent to the conductive interconnect
structure is greater than one fourth the height of the
interconnect structure extending above the surface of the

semiconductor wafer.
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