SEMICONDUCTOR DEVICE AND METHOD OF FORMING INTERCONNECT STRUCTURE OVER
SEED LAYER ON CONTACT PAD OF SEMICONDUCTOR DIE WITHOUT UNDERCUTTING SEED
LAYER BENEATH 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 com O?WCQBP% ﬂp&%ﬁi&%d@%&%m'%ll% P ARSI 8mgjgcitor, inductor,
and power M Fa‘i%"ﬁ&%‘?s EBnSEEB, e e ir Rggﬁ)ﬁ: I\%é’FI?F .?%@?@B%SW Midttor devices
typically col i AU A FPYREB CHIHHE G r 2R &4 DR m% %HE&B{F‘B g&ra?é??&ﬁ%ﬂd uctor
devices include microcontrollers, microprocessors, charged-coupled devices (CODs), 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 electticity, and creating visual projections for
television displays. Semiconductor% eé?c%%ozﬁlél Ol?rftd Th e?rfé?(/?sna%fléarrftertainment, communications,
power conversion, networks, computers, and

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

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

communications, power conversion, networks, computers, and



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

process of doping. Dopin%lntroduces impurities into the semiconductor material to manipulate and control
the condGERty o thé Semitontiuctor Bl dUCEOT ASSSHICERdGCSr Aévite EoHEns Active and

passive eleatricalsirugtyes cAetivenstfuciyres: inclyding bipedariand field effeet-transistors, control the
flow of electrical current. By varying levels of doping and application of an electric field or base current,
the transistorifher promotdsbribsticts fa%dwW'sh Electrical current. Passive structures, including
resistors, capacitors, apdrindugctarse createl aretationshiplketweenyoliage and urrent necessary to
perform a variety of electrjcal functions. The passive and_active structures are electrically connected to
form circﬁfs‘?%ﬁ%&ﬁ ghabl tﬁSI%ﬁﬁ&%ﬁhtc? r QRIS to déornt RighSpaetiCalcdisiiohs Snd other useful
functionssemi conSenticanducterrdevicesl drewge nerallyemantufactisre d asinrgp o camplexocmaaufacturing
processes, i.e. er?n -egd mar]clﬁacturin ,.and%back-g:@d manl.ifactgrirfg, %achlinvolvi potentially

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

semiconductorwaferrEathr semiconide ctor aies issty pitatiy iemtical angbéontainstoiredits éarmed by

electrically. gonnecting agfive, and passiye companents-Racksand magufaciuring Invelves ingulating
individual semiconductor die

control the conductivity of the semiconductor device.

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

Semiconductor devices are generally manufactured using
two complex manufacturing processes, i.e., front-end
manufacturing, and back-end manufacturing, each involving
potentially hundreds of steps. Front-end manufacturing involves
the formation of a plurality of die on the surface of a
semiconductor wafer. FEach 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 "semiconductor die" as used herein refers to both the singular and plural form of the words, and
accordingly, can refer to both a single semiconductor device and multiple semiconductor devices.

One goal of semiconductor manufacturing is to produce smaller semiconductor devices. Smaller devices
typically consume less power, have higher performance, and can be produced more efficiently. In
addition, Shfllef 8EmicontitRfst devices IRRVe Pemaferfodtgriit, Which§S dBEirabigFor smaller end

products sA smaller semiconsisietor Lig szevcardkemashigved by impreyementsdn the-front-end process
resulting in semiconductor die with smaller, higher density active and passive companents. Back-end

'z

processesTHay FESHR Semifdidudisr d&lice PaEageshitts & Sndller Fodtphiftby’ infisiavements in
electricaldntereonnegtion and packagivgwoatesialsasnd accdrsemigdnduetion diestypically coptains an
interconnect structure for mounting, the die to a substrate. For example, the interconnect structure can be
= bump 0f COMBBATe BTATEPHEa tRr CONBEE pAGS W & SReRAY 1§ ZHHS Hfing layer on the
semicondustarcdie.. The bump or conductive pillar is bonded to the substrate by reflowing the bump
material to provide meghanical alnd eflectrical intec{cor%nect between Iche semicond%ctor die and substrate.
Conductive pillars offer the aqd)v%ntéjge St Smalrer |Ht%r85nn%%?%| &iies’and ﬁiglhser intefconnect and routing
density. smalleA seediayerds uswallydrecessary bétweehdhe ¢onduaetivetpitbarcand gontact pad of the
semicondcuocr'%%ru gnig f(ire %%od adhersio%.aTrée ﬁ?_%qllea]ye}g iesr(%%@osited over Itﬁe insulaging Ia)ée and.contact

WET, v mance can peYproduced
pads of the semiconductor die prior to forming ’ F
more efficiently. In addition, smaller semiconductor devices

have a smaller footprint, which is desirable for smaller end
products. A smaller semiconductor die size can be achieved by
improvements in the front-end process resulting in semiconductor
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 semiconductor die typically contains an interconnect
structure for mounting the die to a substrate. For example, the
interconnect structure can be a bump or conductive pillar formed
over contact pads within an opening in an insulating layer on
the semiconductor die. The bump or conductive pillar is bonded
to the substrate by reflowing the bump material to provide
mechanical and electrical interconnect between the semiconductor
die and substrate. Conductive pillars offer the advantage of
smaller interconnect pitches and higher interconnect and routing
density.

A seed layer is usually necessary between the
conductive pillar and contact pad of the semiconductor die for
good adhesion. The seed layer 1is deposited over the insulating

layer and contact pads of the semiconductor die prior to forming



the conductive pillars, and then removed from areas outside a footprint the conductive pillar, often by a
wet etching process. The wet etch is known to remove a portion of the seed layer under the conductive
pillars, i.e., the wet etch undercuts the seed layer beneath the conductive pillars. However, undercutting
the seed layer beneath the conductive pillars weakens the adhesion between the conductive pillars and
contact pads of the semiconductor die, leading to joint crackingdand manufacturing reliability problems.

The smalféfSnfe?86htect PRk inctédses HRDCClRnEEBPYE uRBBRAItIY ddé!fo &n inability to
precisely contiol theewetetch satea it additipn 1 theconslpetive pillars akeformet uiptoanedge; of the
insulating layer over the semiconductor die. A high current density exists around the base of the
conductive fildfs adiZCEnt 15 e MEuldtnghaerSuet the SEmicorilctdt v SEfich IWérEases
interconnectikasistance: Ssinmaty ef thellnyestion .., tAdeestexistsio forme apumteraonmect
structure, such as a conductive pillar or pad, over a seed layer on a contact pad of a semiconductor die
without unde u%%eﬁebsee%%ﬁggert Sheath the Héfr%oﬁﬁgé(tas]fﬁmtur%?ﬂ%&%}lfngIy, in one embodiment,
the presentdruention is1g semicerauttogemcae camptisingtaesulsiraie anddnsdlating kyer formed over
the substratekA rfirStt?Eondé‘&H‘ées la er%seftormed ver the in&u!} ti{]g(!%erl%nd int(?51 an oggrr}jcngc%f éhe

. . WeaKke e 19n ween C u ars
insulating %yer. n Interconnect structure ex?en S ﬁomotﬂe substrat tﬁrougrh the opening Int

insulatingplayer.oX width of ¢hel nbertonnect striveturesexdemding érom thecsubstraite isslessdthan a width of

the opening i e Insulatina ayer,y,; ;. I anpthey embogiment, the present inventign 3 2
semiconductor device comprising a substrate including an Insulating layer dISpOSG over the substrate. A

first condoctivel|ayer issfosmed i ancopeningoftthedAsdating Layerr Annidtercoririect strdottirg includes a
first widt@wittﬂ%t@ PP@{,“”@OO&}PS é'g%Lg%n%gygE grﬂd gl%qugg vgigghleﬁg@qn th&first width outside the

opening of the insulating layer.
addition, the conductive pillars are formed up to an edge of the

insulating layer over the semiconductor die. A high current
density exists around the base of the conductive pillars
adjacent to the insulating layer over the semiconductor die,

which increases interconnect resistance.
Summary of the Invention

A need exists to form an interconnect structure, such
as a conductive pillar or pad, over a seed layer on a contact
pad of a semiconductor die without undercutting the seed layer
beneath the interconnect structure. Accordingly, in one
embodiment, the present invention is a semiconductor device
comprising a substrate and insulating layer formed over the
substrate. A first conductive layer is formed over the
insulating layer and into an opening of the insulating layer.
An interconnect structure extends from the substrate through the
opening in the insulating layer. A width of the interconnect
structure extending from the substrate is less than a width of

the opening in the insulating layer.



In another embodiment, the present invention is a semiconductor device comprising a substrate including
an insulating layer disposed over the substrate. An interconnect structure includes a first width within an
opening in the insulating layer and a second width less than the first width outside the opening of the
insulating layer. In another embodiment, the present invention is a semiconductor device
comprising a substrate including an insulating layer disposed over the substrate. An interconnect
structure extends fromtfe %ﬁB%gt?ﬁﬁé tRIGUYHEIT Bpeniht Sn BRERR0fating YayEr: The Hitefconnect structure
includes adirstamidtnwithin the-epesingindhe instlatingslayer and @ secendvidth lgss than the first width
outside the opening of the insulating layer. Brief Description of the Drawings | FIG. 1 illustrates a
PCB with diff8reht tyes RsHckag 88 Fsthted i it BarfsStrate r1Gs. 545 Iustrate further detail of
the representative semicengtictarpackages mounded tptheiRGBof the FHSs.13a-3atillustrate a

process qf forming an intergonnect strugture over a seed Ia;_/Ler ona co]rfltact 1|§)ad 0 teahsemiggnductor die
without un@&feutting the SEedrIayer Béreatty - Ucture tncludes a first wi Wik

the opening of the insulating layer and a second width less than
the first width outside the opening of the insulating layer.

In another embodiment, the present invention is a
semiconductor device comprising a substrate including an
insulating layer disposed over the substrate. An interconnect
structure includes a first width within an opening in the
insulating layer and a second width less than the first width
outside the opening of the insulating layer.

In another embodiment, the present invention is a
semiconductor device comprising a substrate including an
insulating layer disposed over the substrate. An interconnect
structure extends from the substrate through an opening in the
insulating layer. The interconnect structure includes a first
width within the opening in the insulating layer and a second
width less than the first width outside the opening of the

insulating layer.
Brief Description of the Drawings

FIG. 1 illustrates a PCB with different types of
packages mounted to its surface;

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

FIGs. 3a-3m illustrate a process of forming an
interconnect structure over a seed layer on a contact pad of a

semiconductor die without undercutting the seed layer beneath



the interconnect structure; FIG. 4 illustrates a semiconductor die having an interconnect structure
formed over a seed layer on a contact pad of a semiconductor die; FIG. 5 illustrates a
semiconductor die having a conductive pad formed over a seed layer on a contact pad of a
semiconductor die; FIGs. 6a-6g illustrate a process of forming an interconnect structure over a
seed layer on a contact pad of a semiconductor die without undercutting the seed layer beneath the
interconnelEstridttire o nnect FMET YGituktfates a semiconductor die having the stacked conductive pads

formed over a seed layer ©n acontagtpad ok a semicendusterndiesr die hK3s. 8a-8g illustrate another
process of forming an interconnect structure over a seed layer on a contact pad of a semiconductor die

without uhBEFCUtIHY e seediByér Béndath Tivd intdcbnAect¥iftickirétang @ contact pad

of a semiconductor die;

FIG. 5 illustrates a semiconductor die having a
conductive pad formed over a seed layer on a contact pad of a
semiconductor die;

FIGs. 6a-6g illustrate a process of forming an
interconnect structure over a seed layer on a contact pad of a
semiconductor die without undercutting the seed layer beneath
the interconnect structure;

FIG. 7 illustrates a semiconductor die having the
stacked conductive pads formed over a seed layer on a contact
pad of a semiconductor die;

FIGs. 8a-8g illustrate another process of forming an
interconnect structure over a seed layer on a contact pad of a
semiconductor die without undercutting the seed layer beneath
the interconnect structure; and

FIG. 9 illustrates a semiconductor die having the
stacked conductive pads formed over a seed layer on a contact

pad of a semiconductor die.
Detailed Description of the Drawings

The present invention is described in one or more
embodiments in the following description with reference to the
figures, in which like numerals represent the same or similar
elements. While the invention is described in terms of the best
mode for achieving the invention’s objectives, it will be
appreciated by those skilled in the art that it is intended to

cover alternatives, modifications, and equivalents as may be



FIG. 9 illustrates a semiconductor die having the stacked conductive pads formed over a seed layer on a
contact pad of a semiconductor die. Detailed Description of the Drawings The present invention is
described in one or more embodiments in the following description with reference to the figures, in which
like numerals represent the same or similar elements. While the invention is described in terms of the
best mode for achieving the invention's objectives, it will be appreciated by those skilled in the art that it is

intended 10 COVEISAlterratives, Msuifidations, andeqaivaents as hray e fifefuddd wikhinthe 2pfit and
scope of e wentign as defined hyrtbe appended elaiys angitbeir equivalpns assupperied by the
following disclosure and drawings. Semiconductor devices are generally manufactured using two
complex MENUPACtOANG processBs Sréitertr MAnf turing and back-end manufacturing. Front-end
manufacturing involvestheiformation of adquratityofgdie ogdhe suifage of asemiconductarswater. Each
die on the wafer contains active and passive electrical components, which are electrically connected to
form functidRal &8kl Birdtis® At elg%cﬁifc%?é&%%%he% °Bicit ] tf%%%iéfoargta%l ddés; ‘have the
ability to pantkeldhe flonnaffelectticalrcurrernt rlRassiesn électricat eemponents; sueh as capaeitors,

inductors, resistors, and ransf(irmerf . %reate a éelationshi betwe%n voItagEe and current necessary to
ﬁoa@atﬁdn % a urality Eﬁ ie on S ‘surface ? a
perform electrical circuit functions. assive and active components are formed over the surface of

the semiconductoravafep by weseries offrotessisteps inchuding depingy depasition,gihiotelithography,
etching, andsglanariz§tieocnc Docpailqg introduces impu@t{i}elscikqto the selrgicc]g)ndléctg‘L materialebé/tteeghniques

such as ion |m[l)l\éentaet|on or thermal ilﬁﬁgigﬁ%ﬁé doping prc‘io]c::gsse modifies the electrical conductivity of

semiconductcﬁromlateﬁ_iahhtaai\@l_d@/l@es;Irafrlsﬁormimg:ﬂﬁet§gmicbndm®t9r_ﬁﬂg&erﬁa1ﬂnt@lan insulator, _
conductor, or dynamically.changing the.semicopducto materigl condyctivity, in respanse o an electric

field or base current. Transistors contain regions of varying types and degrees of doping arranged as
necessaryas ‘enablethe tFmsistof tecprontcte ot kestrictheflow BRslectricabdwréntiupoh the application

(ﬁtheekgg%b@ﬁgﬁgpgsg&ggegg 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,
transforming the semiconductor material into an insulator,
conductor, or dynamically changing the semiconductor material
conductivity in response to an electric field or base current.
Transistors contain regions of varying types and degrees of
doping arranged as necessary to enable the transistor to promote
or restrict the flow of electrical current upon the application
of the electric field or base current.

Active and passive components are formed by layers of

materials with different electrical properties. The layers can



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

componehits.Formed Fhe RyERFedBe Phttefid dding phofohtHotistsy, Wihier TveRks!the deposition
of light sensitiveopaterial t6:8e photoresist; over the layertabe patternedr Apatternys kansfetred from a
photomask to the photoresist using light. In one embodiment, the portion of the photoresist pattern
subjected to THItTE PEMEVES uSY & Soi9er exPBE&inG POricHR3f tHERNGERYIRY 1dyeftd be patterned. In
another esnbediment the portieobtheiphotaresist patiesnetsupjecied ta lighty theanegative photoresist,
is remove(i using a%solventl exposing)é%ortions of the underlﬁinﬁg Ié?/e,r to be patterned. The remainder of
the photoer Sistis® movet; fae%i‘/fh% ind Zspeaﬁt'erné‘:d'a Falgle Rt nét?veqﬁ%%ﬂ? %%es of materials are
patternecbby direathydepoditingntheomateriad inta the ateas arongids tormed maa pierdous deposition/etch
process sing lechniques such,as electroless and.clectrolytic plaing,, ., Depositing a thin fim of
material over-an existirig pattern can exaggerateriﬁe underlying pa?tern and'create a non-uniformly flat
surface. A uniformly flatlsarfaeg ¢ requinedide praduce-smdllersandmoine dehsell packed active and

passive components, Planarith;[ieon | gan be Hsed tQ, Igermg\%% Enaterial from th(—l;n gﬁrfaceagf the wafer and
vV [ 0

W involves EPOS1T 10N Sénsitive r1 €.g., .y
produce a unﬁormlrfl flat surface. Plananzation Involves polishing the surface the wafer with 4 polishing

pad. An abfrasiveanaterial antcorrbsive chemidal ape agded ¢o tiralsurfaceceftthenwafes during polishing.

The transferred from a photomask to the photoresist using light. In

one embodiment, the portion of the photoresist pattern subjected
to light is removed using a solvent, exposing portions of the
underlying layer to be patterned. In another embodiment, the
portion of the photoresist pattern not subjected to light, the
negative photoresist, is removed using a solvent, exposing
portions of the underlying layer to be patterned. The remainder
of the photoresist is removed, leaving behind a patterned layer.
Alternatively, some types of materials are patterned by directly
depositing the material into the areas or voids formed by a
previous deposition/etch process using techniques such as
electroless and electrolytic plating.

Depositing a thin film of material over an existing
pattern can exaggerate the underlying pattern and create a non-
uniformly flat surface. A uniformly flat surface is required to
produce smaller and more densely packed active and passive
components. Planarization can be used to remove material from
the surface of the wafer and produce a uniformly flat surface.
Planarization involves polishing the surface of the wafer with a
polishing pad. An abrasive material and corrosive chemical are

added to the surface of the wafer during polishing. The



combined mechanical action of the abrasive and corrosive action of the chemical removes any irregular
topography, resulting in a uniformly flat surface. Back-end manufacturing refers to cutting or
singulating the finished wafer into the individual die and then packaging the die for structural support and
environmental isolation. To singulate the 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 tooPBPSAT bR et SThguistior? the indViGudl ' Sefmcdifd o digare Moiitéd td 2'package
substratesthat inslugdesins or eentactpads for intercpnngetion withrotper systemecompenents..Contact
pads formed over the semiconductor die are then connected to contact pads within the package. The
electrical tdhhElORs it be Mddé &fth solder bumps, stud bumps, conductive paste, or wirebonds. An
encapsulant or other nriding snateriahis deposited gvertherpackageda previde physical support and
electrical isolation. The finished package is then inserted into an electrical system and the functionality of
tho semiCoRIG o R maas BLTEbIL & e oTHer syOE Lo RBORARL, S1E SEIG Fhustates
electronipdevieg bchantirg d ohiff earriet substrate or puipted-circuitbeard {(P&B) &2cwith a plurality of
semiconductqrag%ckgges {nounted o?aitcsesgﬁa}ece. Electronécug%vi%e go can Qlave one type of

semiconductor pac(f<a'ge, or muttipfe ypes o Semiconductor pacﬁkage%,e depenedirvlqg‘f1 on the gpplication. The

different typesaf semicdndhictor palckages are-shown i FEG. T égripurposds ohittusteeton.
Electronic dfyiézg 50 cansg% a sttgn%-alone system thg%tés%s %Ie semiconductrl)% E%%J{(al%a% ?tg paerform one

Cia . fsaw e? r fCr} . er 1 singu
or more electrical functions. Alternative y, electronic device can be a subcomponent o Iarger

system. E@S@@me telegtronic devicess® can @éepe_lrt offa eell@&pghdr&é; _#Jemsondh@iigital assistant _
(PDA), digital:video camera (RYC), ar.other;elecronic commupication device. Altemafively, electronic

device 50 can be a graphics card, network Interface card, or other signal processing card that can be
Inserted inta & consputee Theisemiebndactdp packascdrrinclutesmitroprocessorsivimemories,

application specific integrated, cirguits (ASIC), logig circyits; analag,circuits RFgircuits, discrete devices,
or other semiconductor die or electrical components. Miniaturization and weight reduction are essential
for these PrBGERS 6 BE AUeceprodBiPthe RArked M ditarice sétiveen Serfieondlictdrdeviéés must be

decreasegd toachieve highetdensity; ca1 connections can be made with solder

bumps, stud bumps, conductive paste, or wirebonds. An
encapsulant or other molding material is deposited over the
package to provide physical support and electrical isolation.
The finished package is then inserted into an electrical system
and the functionality of the semiconductor device is made
available to the other system components.

FIG. 1 illustrates electronic device 50 having a chip
carrier substrate or printed circuit board (PCB) 52 with a
plurality of semiconductor packages mounted on its surface.
Electronic device 50 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



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 provitfe fowBPEREGRSLHY cAHnettioAS 85 Bachy BF iR semicbnGdeBP packayestr 21 qn some
embodimgsis, @=seyvicendugier gavice hasawedackagingdavels. Figstievel packagingds a technique for
mechanically and electrically attaching the semiconductor die to an intermediate carrier. Second level
packagingAvaIvES mebh3fically éﬂﬂ%?éctﬁ&ﬂ RPatEhig the ek metiate Caffertd tite BB, 9n other
embodimesisyansericosductotr device may enly ravedhe firstlevel packagingwikere 3be dignis
mechanically and electrically mounted directl%vto the PCB. For the purpose of illustration, several
types of rst fever S%Ea%f’ng?%c#udiﬂﬁ BoRE wird BSEI;a j& 56 %ﬁg‘flipoc%iﬁj %ge re°sHowh on PCB 52.
Additionally pseverahtypes ofisecond lexel packaging; treluding ball grichartay=(BGAY68, bump chip
carrier (BS%C 6CZO d a(lj'n-!ne ackage @alrl?) 6ﬁblflnig?ngi9.arrr%é%L%é)sg&rrgultiIﬁ%m% modsule (MOM) 68,
quad flat nonleade upac%ag@%@%‘ﬁﬁg%o, andlquadufa pa(l:ﬁag 3-are shown mounted 6 PCB 52.
Dependirg ppadr #iel systemerefirements; @ny cambinationi ofsefhiedfductdr packagess sonfigured with

any comlgqu%]tli%% of first ang Ssecg\tgd ICe.veI Bc"it%lgagl%]qulreest as Cyé%ll.as othe(g eleocgt@en%c components, can

be connected to PCB 52. In ‘sbme em 68imenté, glectronic device 50 includes a single attached
semicondutorcpackageswhilé etler emibodiments! calbfap pmdtiple intercarirrected. padkagesa By

combining ang ar mare, semigondyctor packages, oyer,a single substrate. manufagiurers can ingorporate

pre-made components into electronic devices and systems. Because the semiconductor packages
include sbphisticated fligdtionalityc eftctroalitcdevicds'canbe erarfactarddusifgcheapemesrhponents

and a strgamlined manufagtyring pracessy The Lesylting devices are less likely to fail and less expensive

to manufacture resulting in a lower cost for consumers. FIGs. 2a-2c show exemplary
semiconductor packagés. FI&: 2alillustrates futierdetsit ok DHE B3 RduIftel BrPEB S2Semiconductor

die 74 includes.an active region coptaining analog-gndigitalcircyits implegiented as active devices,
passive devices, conductive layers, and dielectric layers formed within the die and are electrically

interconnedter2ECHidingtoRAE eRsttricdl eleBighcbfthe B FdrxantptédHe irait 8aA rictude one or
more transisierss dipdesy indugtofs JCRRACHOES, £8sistors, A qthen eircuitelements farmedswithin the

active using evaporation, electrolytic plating, electroless plating,
screen printing, or other suitable metal deposition process.
Signal traces 54 provide for electrical communication between
each of the semiconductor packages, mounted components, and
other external system components. Traces 54 also provide power
and ground connections to each of the semiconductor packages.

In some embodiments, a semiconductor device has two
packaging levels. First level packaging is a technique for
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. 1In other embodiments, a semiconductor device may

only have the first level packaging where the die is

mechanically and electrically mounted directly to the PCB.
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region of semiconductor die 74. Contact pads 76 are one or more layers of conductive material, such as
aluminum (A1), copper (Cu), tin (Sn), nickel (Ni), gold (Au), or silver (Ag), and are electrically connected
to the circuit 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¥€&ndtiGoPieads B0 &fd bortd #ired B provitie @k ttichlnfetcorinect between
semicongucterdiei-anch REB: 92 rigncapsulant Bdds slepasitad-evertbe fackage ferenvironmental
protection by preventing moisture and particles from entering the package and contaminating
semiconduct&rdie 428 bGP witBE 82, °7 PCBERE -2p fiiStrhted arthér dS&H Of BEE $85tounted on
PCB 52. Semieondictaredie B8ds ¢rauyited fo cauier Q0ndsing an upededilberepoxysesin adhesive
material 92. Bonﬁ]wires 94§p,rovid first Ie%(gel pa kaging Interconnect between conta%t paqu\,ﬁ% and 98.
Molding coHiBodintt Br SAddpstiant™00’is YepoSitst over serficoRdrdtdP die 88 ahd Bond ViRss 94 to
provide physicaksupport and glectrjcahisbtatiorhfop theodeviee. (Bonpctpads L2 are farmeshever a

surface oIE%%éZ usiqc?a%glg@%]ﬁ mg@l depasition Brofcle% such as elec}EontécrglagR%V% electroless

plating to prévent oXidati ac%t pads are Slectrical y E)grwcr]fea}:?(aed to 6ne or more conductive signal

traces 5ainRPCBG 20 Bupnifis 204 ardfarmedibeiwepncontact pads 98 of BLOC G62ramd eontactypads 102
of PCB52, .. In FlG.fZC semiconductor die 58kis mounted fafce down to intermediate carrier 106
with a fIipC(:%Ilnpbsltrflﬁetf}r%{1 level Sggf(lacglor?g?g Cc]tfi% r Si%nal% "5 sce%llccl)ﬁ(l:lllfcet%r die 58 Contains analog or
digital circgitlimplemented as actve devices.cpassive devices ceariductive taykes, ardsdiekettric layers
formed ageording to the electrical design of thedie. For.example, the sireyit.canncluds one-qr more
transistors, diodes, inductors, capacitors, resistors, and other circuit elements within active region 108.
Semicondg&ter dieksglisrelattticaly and nrechanitay eenhécted o edfferal 06ithediggh bumps 110.

attached semiconductor package, while other embodiments call for
multiple interconnected packages. By combining one or more
semiconductor packages over a single substrate, manufacturers
can incorporate pre-made components into electronic devices and
systems. Because the semiconductor packages include
sophisticated functionality, electronic devices can be
manufactured using cheaper components and a streamlined
manufacturing process. The resulting devices are less likely to
fail and less expensive to manufacture resulting in a lower cost
for consumers.

FIGs. 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
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BGA 60 is electrically and mechanically connected to PCB 52 with a BGA style second level packaging
using bumps 112. Semiconductor die 58 is electrically connected to conductive signal traces 54 in PCB
52 through bumps 110, signal lines 114, and bumps 112. A molding compound or encapsulant 116 is
deposited over semiconductor die 58 and carrier 106 to provide physical support and electrical isolation
for the device. The flipchip semiconductor device provides a short electrical conduction path from the

active de¥ites Un SEmicBRAGEBIER™SS to'ddndlittion traieks oh PEBS2ih Graer ffedute Bitfrfal
propagatiosydistanse, lovied eapacitance: and dmprove-overall sireuit performance. dvppether
embodiment, the semiconductor die 58 can be mechanically and electrically connected directly to PCB 52
using flip&hipstyl& fitst 1801 patk GG without it8hediate carrier 106VST  (A9picS ¥A-3hSilustrate, in
relation te RGsrl and Pa-2¢ranprocess obfariung an dtercannesat sttuctare-aver arseed layer on a
contact pad of a semiconductor dis; 4without u,ndercuttin% e seed Iager g(zeneath the interconnect
structure SEIE. SA'SHSGAS B séhiicdnductSiiafe? 12054 ahale stibstrate matdhar 132 (i as silicon,
germaniuim egaliun arsenide cinditon phosphiderercsikcon earbitdies forstructurabsuppesi. A-plurality of
semiconqsuclorcc(ljie or com oncen%sal(%4 isoflprmg eon.wafer 1t2grs.eé)flr%tedhbya% nggéarc%\ﬁ, inter-die wafer
area or saw street 126 as described @bove. Sawstreet 126 pr0\]/“| €s cﬁﬁlng areas to singulate
semicondustarywafer d20xigtorindividual Semigonckistor died24 includeElGir8bisiows a tvess-sectional
view of a orﬂon of semiconductor waf%r 120. Ealch semiconductgr (lji((:e.lzzbg% at aé:]g syéfggg 128 and

. acC ng material K such as ‘pqoQlymer Oor Cer .
active surface ?[%6 c%ntalnlng analog or dlgltaipCIl‘C{lltS |mpFemente as active devices, passive deV|ces,

conducti\?eOIayeps_, }anddjieiléclfi&: Iéﬁe@ﬁ@@@@mﬁhmidi@hn_é;lrei_@(;trioa_zmﬁiﬂterb@mmed accordi_ng to
the electricg} design and fungtion of the. diepFar example, the cirquit may include, 0pe o moye transistors,

diodes, and other circuit elements formed within active surface 130 to implement analog circuits or digital
circuits, suchrastdigitalesitizal précasson YD SPYNASIC memoRE OF oittersigval Precassie circuit.

Semicondugtor die.124,may alsq containintegrated passive devices. (IPDS).sugh as inductors,

capacitors, and resistors, for RF signal processing. In one embodiment, semiconductor die 124 is a
flipchip typedevideating seiikcaRding ot dicléetricdayer 182748 forkmed over active surface 130 using

PVD, CVD, printing, spit §0atng, Spiay eeating, sintering or thermal oxjdatien. Hhe insulating layer 132
contains one or more layers of silicon dioxide (5i02), silicon nitride (Si3N4), silicon oxynitride (SiON),
tantalum PRnESEde E1a205F TR GRLH oXided(at263), benFoeiidtititéire BEBY, Polyimides ¢y,
polybenzgxazelgs (RBC)), oF othies syitabledieleghicanateriahterial 92. Bond wires 94

provide first level packaging interconnect between contact pads
96 and 98. Molding compound or encapsulant 100 is 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,
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In FIG. 3c, an electrically conductive layer 134 is formed over insulating layer 132 using PVD, CVD,
electrolytic plating, electroless plating process, or other suitable metal deposition process. Conductive
layer 134 can be one or more layers of Al, Cu, Sn, Ni, Au, Ag, or other suitable electrically conductive
material. Conductive layer 134 operates as contact pads electrically connected to the circuits on active
surface 130, e.g., through conductive vias formed through insulating layer 132. In FIG. 3d, an

insulatind 8 fas&ivationlia§ér 136 kfofhed Dver stfting 8y S E3Eand Eonddetvelaye i using
PVD, CVE: ponting.cspid coating: spray ceatings sintering er thesmal exidatien. Ehesinsulafingdayer 136
contains one or more layers of S102, SI3N4, SION, Ta205, Al203, or other material having similar

insulatingahd Strhcfofdl profeties. ABorfidn BPRSuIREAG Tayer W3% is Femdved by d&tching process
through a-pheteresistdayerdnot shewn) tofarmwpenings-3d disposed aver and exposiag coaductive

layer 134. In one embodiment, the width of openings 137 in insulating layer 136, and correspondingly a
il of 8 S BBsd EonduRETRE A e BT For Gtera tiref L= V1Y 13740, 6. an electicaly
conductiveslayen 138 isl gonformally-applied evercoaductive layephdsh andnpsulating. layer 136 using
PVD, CVD, electrolyticB% ti%% ei%ctroi%scsﬁglatian%ces , or o&per suitztile metal de@oes(jti n process.

. e 1Cca a ecnan a connec .
Conductive layer 138 can be oné or more layers of Al, 6u, itanium ili:) nyNi; A?u,eAg, or other suitable

electricalgCeondiiciive mateGalAConduetiveclayedl 38 fatlbwsathe apntaurwd cogdbetiveslayérr134 and

insulatin%laIx%rClS .In.one %r{lleaog@elnt, cgrédcgctive layer 138 igeacsteeecg I@gercg%rggicn{nlg]repultiple layers of
I

gnductor e rica
[I/Cu or 1l/Au and electrically connected to conductive layer 134

signal traces 54 in PCB 52 through bumps 110, signal lines 114,
and bumps 112. A molding compound or encapsulant 116 is
deposited over semiconductor die 58 and carrier 106 to provide
physical support and electrical isolation for the device. The
flipchip semiconductor device provides a short electrical
conduction path from the active devices on semiconductor die 58
to conduction tracks on PCB 52 in order to reduce signal
propagation distance, lower capacitance, and improve overall
circuit performance. In another embodiment, the semiconductor
die 58 can be mechanically and electrically connected directly
to PCB 52 using flipchip style first level packaging without
intermediate carrier 106.

FIGs. 3a-3m illustrate, in relation to FIGs. 1 and 2a-
2c, a process of forming an interconnect structure over a seed
layer on a contact pad of a semiconductor die without
undercutting the seed layer beneath the interconnect 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
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In FIG. 3f, a thick insulating layer 140 is formed over insulating layer 136 and conductive layer 138. In one
embodiment, insulating layer 140 is a dry-film material with a PEI support film. The insulating layer 140
may have a thickness of 120 pm. A portion of insulating layer 140 is removed by subjecting irradiated
DFR material to a developer which selectively dissolves non-irradiated portions of the DFR material to
create patterned openings 142 in insulating layer 140 disposed over conductive layers 134 and 138, while
leaving te fAlidted PoPEoNeHthE Photsresist hiteta iftact. 41 ohB Embdtiment yfatterned openings
142 in ingldating layee 4@ have aywidth of 40 pm, which is less than the width of openings 137.
Accordingly, insulating layer 140 partially overhangs openings 137. . In another embodiment,
insulating layer 140 cah ContaiR oRBBFmEreTa§ER 0F5i02 C8i3N4Y STNC Ta208 AI263 sGlfler resist, or
other phatersensitive iateriabforned by .PVBa €V D gfintiog dspin €pating, spray keating,siriering or

thermal oxidation. A portion gf insulating Iaﬁr 140 ﬁ. r movedcﬂbﬁ/ patternin% exposure to UV tht, and
developing o foffh opehings 142 and expose aPortion of CONdUtvE Jayst Sy di8hosedovét conductive
layer 134cwithin ipadtetned epenings 13%. Agaihy thelwidth of patiermnethapeningscd42 in insulating layer
140 is less than the width_of openings 137. sq that insulating layer.140 partially, overhangs apenings 137.
Atomath i BATera AEg 1AL oot by s e SOt TRy by er 194 10
remove portiorslefdhsulating jayen id0anthexpose aporionisfeconduciive kyert38 disposed over

conducti\éa Ia}/er 134 (\j/lvitpin %tternegtopt nings.137 inanDIpIicationslrequirlilneq finer interconnect
dimensiong,sa shown in E‘Tg : ?}éj.n ehiﬁ g? ?Bh, an eIeec}t(r?énéflyec’onauctivcelr]?}%ltlelrFal 1qlnsaéeposited over
conductivelayer&3® withinr paiterned openirgsol4? indnsdlatng &Eyeér d40ausingta euetal deposition

process such,as PYD; QYR sptiering. glectrolytic plating. and gleciroless, plating. The ¢onductive
material can be multiple
circuits or digital circuits, such as digital signal processor

(DSP), ASIC, memory, or other signal processing circuit.
Semiconductor die 124 may also contain integrated passive
devices (IPDs), such as inductors, capacitors, and resistors,
for RF signal processing. In one embodiment, semiconductor die
124 is a flipchip type device.

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

In FIG. 3c, an electrically conductive layer 134 is
formed over insulating layer 132 using PVD, CVD, electrolytic
plating, electroless plating process, or other suitable metal
deposition process. Conductive layer 134 can be one or more
layers of Al, Cu, Sn, Ni, Au, Ag, or other suitable electrically

conductive material. Conductive layer 134 operates as contact
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layers of Al, palladium (Pd), indium (In), Cu, Sn, Ni, Au, or Ag. The conductive material partially fills
patterned openings 142 in insulating layer 140 to form cylindrical conductive pillars 146 as an
interconnect structure over conductive layer 138 of semiconductor die 124. Due to the narrower patterned
openings 142 and overhanging insulating layer 140 over openings 137, the conductive material also
covers the portions of conductive layer 138 within openings 137 outside of the sidewalls of openings 142,

i.e., outsid4Re VeRIcHr footprint of SHRiTdricat condictve PifErs 148, fif'oRé BmbodimMERt cBnductive

pillars 1463mvea beight at-40-50 pranganductivepiiars ddérare aelectically cennectad toconductive
layers 134 and 138. FIG. 3i shows a top view of insulating layer 140 and cylindrical conductive
pillars 14833fthed within patterned openings 142 in the insulating layer. In FIG. 3}, an electrically
conductive bump material £¥48 is depositediover suaee; 160 of eepductivedpillars 146 within patterned

openings_142 in jnsulating layer 140 using an evaparation, electrolytic plating, electroless plating, ball
drop. of LSRH RriRtieg pHoCESBam ARl 198 AR be LSRN R o) Bo - CH&0Mer. and
combinatiors, thevanf, with @nioptionapflux selatiam.d;orsexample chiumpanatetiak #48 agn be eutectic

Sn/Pb, hi -Ie%%folder, or Iead-freeﬁ%older. Buinapcrinater'ial 14%3 iﬁ g)gnded %o surface 150 of conductive

pillars 14 u%?ng a s%ﬁégl%ta]tf}a%hmen ‘or b%ﬁbhng prggessa}lfr? one emggéim%hﬂsouorﬁlg material 148 is

reflowed byeatiag ¢he natesalEboveittNfheltingPointlie F0mm bhiOCapso152;taseshown in FIG. 3K. In

some appli ations,lb%mg caps 152. re refloweq a second tiorlne to improve flectrical contact to gonductive
pillars 14%é%ﬁ}rnlpacapsa1§f gar? éﬂglbé: cér%%lrlesas?olnngorﬁed {o conductive &ﬁgr%elﬁ% CTohductive pillars
146 and bempicapsdb2ireprésent oheltyye of Intércoaneetstrctutethatcart bée forned oversconductive

IayeH513€§ygL%%8€ photoresist layer (not shown) to form openings 137
disposed over and exposing conductive layer 134. 1In one
embodiment, the width of openings 137 in insulating layer 136,
and correspondingly a width of the exposed conductive layer 134,
is 50 micrometers (um).

In FIG. 3e, an electrically conductive layer 138 is
conformally applied over conductive layer 134 and insulating
layer 136 using PVD, CVD, electrolytic plating, electroless
plating process, or other suitable metal deposition process.
Conductive layer 138 can be one or more layers of Al, Cu,
titanium (Ti), Sn, Ni, Au, Ag, or other suitable electrically
conductive material. Conductive layer 138 follows the contour
of conductive layer 134 and insulating layer 136. 1In one
embodiment, conductive layer 138 is a seed layer containing
multiple layers of Ti/Cu or Ti/Au and electrically connected to
conductive layer 134.

In FIG. 3f, a thick insulating layer 140 is formed
over insulating layer 136 and conductive layer 138. In one
embodiment, insulating layer 140 is a dry-film material with a
PET support film. The insulating layer 140 may have a thickness
of 120 pm. A portion of insulating layer 140 is removed Dby
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In FIG. 31, insulating layer 140 is removed, leaving cylindrical conductive pillars 146 with bump caps 152
disposed over conductive layers 134 and 138. In FIG. 3m, the portion of conductive layer 138 over
insulating layer 136, i.e., outside openings 137, is removed by a wet etching process. Due to the
conductive material covering the portions of conductive layer 138 within openings 137 outside of the
footprint of cylindrical conductive pillars 146, the wet etching process does not remove conductive layer
138 proxﬁff&téeiﬁ%bﬂau&tﬁ%aﬁﬂérgeﬂd?%a?%t, e Rkt bfthihg'Froeess Gbe¥ bt lindercut conductive

layer 138skaneaath conguctivespiliars sL46 Theatels stop-of caneuctives layer 488 ipeantrolled in a manner
to occur at the edge of insulating layer 136, i.e., up to the end of openings 137. Since the width of

patterned'8p&TinGs 149 i ifstiating ey Er 1461 IBES K the WidtH of-OFehiAds 197 17 #hlating layer
136, the widih @f sylindsicabeenductive pitars 44645 alse Liess thaa the wjdthiof cenductivenlgyer 138
within openings 137 of insm§atin layer 136. Se[;r%ico ductor wafer 120 is sin%%]ated thrc%ugh saw street
126 using 3%sal bRAeDr sé?oc%ﬁr?r/?dl ool 154 ItoindvidtarsehicBRbGEDT die 124 TRIG. 4
shows semicondiiciar dient24 with cylindricab penduciive Ipilfars 1 46randl bumpeaps a2 forned over
conducti\ﬁe @gers 134 %lpld 1§8480nducti\%e.pitlllxars 1416€haveC% fine rH%tgh Vgog%i}qh d nsitg Interconnect. In

particular, the w‘]”ldtwlo(f1 opeﬁlngs 137 insula ngllséyer 136 an%flcorrespolndlngly? he Width '0f conductive
layers 1343ahd 138 waithihithelopenimgsihahe ngsulatiwylayén i greaterl thandhe widthosf cylindrical
conducti\ée gillaltrns 1S46l The wider conductive layers 134 and 138 and conductive material within openings
137 in inSLﬁatlng %yer i 6 decrease current density around the base of conductive pillars 146. Due to the

condu_ctive material_ coiﬂerir@glﬂ@@@rti@ﬁ@@ﬁctq@dlrotivéﬂayéralﬂaﬁlwitﬂiﬂmnlrﬁg% L‘@?loutside of the
footprint of conductiye pillars 146, the wet,etching pragessLdogs notsemove conductiyg layer 138

proximate to conductive pillars 146. By avoiding the undercut of conductive layer 138 beneath conductive
pillars 1480 thécadesiors betwee rcddriuchve pillaks 146 andcondbetiviefhyép138ds airtHined which

Increases.jgint sirength -The aarrqwer,genductive pillars 146 reduce stress.on insulating Jayer. 136 which

reduces crag:king of insulating layer 136 and Increases manufacturing reliability. FIG. 5 shows
semiconductiedie 24 with E6AdIGIVe PadsEBE ofhed oveY ebnddétiveTayersordxamy 138, similar to

FiGs. Sai3d Copduaive Bads 196 fave afine pish-{or hioh densitydptergonnect pyparticular, the width

of openings 137 in insulating layer 136 and, correspondingly the width of conductive layers 134 and 138
and condiefie RtsiterdiavithiAl t1FBpERings i tHelinsulafing PayetCis gr8ater ivdn theSwidth of conductive

pads 156; Thenider eorductivedayears-l341anb138 and gonduetive-matarial witbpn-epenjags 137 in
insulatinaelza%er 136 decrease current density around the base of conductive pads 156. Due to the

conductive’hatersl Ehlering the"p6rtions bf Bandictvedaystersg Withih ‘thehings E37 8tsite of the
footprint obganductive padsd66, theswetetshipgpracess dees nayemaove conductive layer 138
proximate to conductive pads 156, By avoiding the undercut of conductive Iayer7138 beneath conductive
pads 156" te'aahediGn bekiden cOndicive Pavl 156°ANd RETdUEtvR 1aE 138'is maintained which
Increases joint strengtiaTHre-narrawen gonguctive frasls 1aberethge siress earinsidatimg-teyer 836 which
reducesi%%é@gégyg%ﬂag%ﬁg¥ggn (LDA) using laser 144 to remove portions
of insulating layer 140 and expose a portion of conductive layer
138 disposed over conductive layer 134 within patterned openings
137 in applications requiring finer interconnect dimensions, as
shown in FIG. 3g.
In FIG. 3h, an electrically conductive material is
deposited over conductive layer 138 within patterned openings
142 in insulating layer 140 using a metal deposition process

such as PVD, CVD, sputtering, electrolytic plating, and

electroless plating. The conductive material can be multiple
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136 and Increases manufacturing reliability. FIGs. 6a-6g lllustrate, in relation to FIGs. 1 and
2a-2c, a process of forming stacked conductive pads over a seed layer on a contact pad of a
semiconductor die without undercutting the seed layer beneath the stacked conductive pads. Continuing
from FIG. 3f, an electrically conductive material is deposited within patterned openings 142 in insulating
layer 140 disposed over conductive layer 134 and 138 using a metal deposition process such as PVD,

CVD, spultfefitig® efctridfytichtatiity Bl eléctiolesdPibtifig, ' dS ShowH in B1G. 84/ THE cofuctive material
can be mugdfiple fayers ohAk Fidi Hry GarSmiNiL Aba o8 Ag1 The conductprecmaterial pagially figs patterned
openings 142 in insulating layer 140 to form conductive pads_160. Due to the narrower patterned
openings 142 &Rd HUEHENGIMFinsaMkERg faer 12076Ver opehifyds7 the BBRAT v E material also
covers theipartienrs ofieonductive 1ayes A38rnmithin openingsukdy autsitedefthe sidewallspfepenings 142.
Conducti;(%ngad 160 are electricall (E:jg,nnif%eéj to conductive gf%ers 134 and 138. In FIG. 6b, a
protective fiasking &yer 162 1\71\/?ﬂ7‘lopl>z;\t tied 6penings 1649s SR WRRIRFatheS bP&Rings 142 in
insulatinglayet 14Q ovep surfiace> 166 bh aonductive padstliGOy Theypatterded opemings dbdrin protective
masking Hasys;r 19% have a width less th@n a.w'@th ?Lgatterned opekr%ﬂn%)silgzéz in insulﬁting layer 140.

In FIG. 6C, ar elec?ric%ﬂ?%gﬁ Uctive material is ﬁleposit(éa%%]é? surtac of conductive pads 160 within

patterned-openings 64 i pratectnte masking layemli6Ryusing a metat deposifionlprocess such as PVD,
;}’3?&‘%‘? '%@ac?&e%%?%:% A%%%”;%S‘”?ﬁ?dﬁo.'%?% platipg; e cpnductive;material gan be, multiple

of cylindrical conductive pillars 146. In one embodiment,

conductive pillars 146 have a height of 40-50 pm. Conductive

pillars 146 are electrically connected to conductive layers 134

and 138.

FIG. 31 shows a top view of insulating layer 140 and
cylindrical conductive pillars 146 formed within patterned
openings 142 in the insulating layer.

In FIG. 3j, an electrically conductive bump material
148 is deposited over surface 150 of conductive pillars 146
within patterned openings 142 in insulating layer 140 using an
evaporation, electrolytic plating, electroless plating, ball
drop, or screen printing process. Bump material 148 can be Al,
Sn, Ni, Au, Ag, Pb, Bi, Cu, solder, and combinations thereof,
with an optional flux solution. For example, bump material 148
can be eutectic Sn/Pb, high-lead solder, or lead-free solder.
Bump material 148 is bonded to surface 150 of conductive pillars
146 using a suitable attachment or bonding process. In one
embodiment, bump material 148 is reflowed by heating the
material above its melting point to form bump caps 152, as shown
in FIG. 3k. 1In some applications, bump caps 152 are reflowed a
second time to improve electrical contact to conductive pillars

146. Bump caps 152 can also be compression bonded to conductive
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Ag. The conductive material fills openings 164 in protective masking layer 162 to form conductive pads
168 stacked over conductive pads 160. Conductive pads 160 and 168 are electrically connected to
conductive layers 134 and 138. FIG. 6d shows a top view of insulating layer 140 and protective
masking layer 162 with conductive pads 168 formed within patterned openings 164 in the protective
masking layer. In FIG. 6e, protective masking layer 162 is removed leaving conductive pads 168

stacked Vet tdhaudtie padL 66 Sfne’ Smaltér patferhéd opBAINGS 4R Rasking ST 182 tauses a

width of canduetiye pads 1684e bersraaller sham amwidth efcandugtive pads 1604 over An electrically
conductive bump material is deposited over the stacked conductive pads 160 and 168 within patterned

openings“EAS I hsiGting Yayer 140 Lisiiy'an e¥aporation, electrolytic plating, electroless plating, ball
drop, or screen printing pracess. Bhe bumpumaterial can perAl; 80, N Aunfgsdb, Bls Gu,isglder, and
combinations.thereof, with an optional flux sqQlution. For example, the bump rial can be eutectic
SniPb, NGRISRE SO, GBS Tiob Soldter THE bUhhs msteral i Bandd to s SALRES Soductve pads
160 and 968 usingralsditable attaghkment 6ubaending psacessn Irrae emibodiment, the- bumpanaterial is
reflowed gﬁrpggtlgg ‘;ge Watenal@ai?ve its meltlnglpotlnt to form bumlp336170.. In some %pbpllc({;atlons, bumps

170 are reflowed a second time mﬁr‘é%]é eléétrical contact 1 the stacked conductive plades 160 and 168.

Bumps 130 <anratso bé comipression bedded te thesstackedh tondyativeqradls 1601and 868hBumps 170

formed over thg sgacked (o nductiYe 889% 160 anc 168 reﬁpkresent one té/gg é)f Interceonpggte srtructure over

conductivceolré?/ercs 134 and 138 of semiconductor die 124. tgpnsati(\j/ely, um%%tl 0 over'stacked

conducti\ﬂe3|8adstlﬁoland11@8ﬁs<aﬂ SPOPoutside of the footprint of cylindrical

conductive pillars 146, the wet etching process does not remove
conductive layer 138 proximate to conductive pillars 146. That
is, the wet etching process does not undercut conductive layer
138 beneath conductive pillars 146. The etch stop of conductive
layer 138 is controlled in a manner to occur at the edge of
insulating layer 136, i.e., up to the end of openings 137.
Since the width of patterned openings 142 in insulating layer
140 is less than the width of openings 137 in insulating layer
136, the width of cylindrical conductive pillars 146 is also
less than the width of conductive layer 138 within openings 137
of insulating layer 136. Semiconductor wafer 120 is singulated
through saw street 126 using a saw blade or laser cutting tool
154 into individual semiconductor die 124.

FIG. 4 shows semiconductor die 124 with cylindrical
conductive pillars 146 and bump caps 152 formed over conductive
layers 134 and 138. Conductive pillars 146 have a fine pitch
for high density interconnect. 1In particular, the width of
openings 137 in insulating layer 136 and, correspondingly the
width of conductive layers 134 and 138 within the openings in
the insulating layer, is greater than the width of cylindrical

conductive pillars 146. The wider conductive layers 134 and 138
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In FIG. 6f, insulating layer 140 is removed, leaving bumps 170 and stacked conductive pads 160 and 168
disposed over conductive layers 134 and 138. In FIG. 6g, the portion of conductive layer 138 over
insulating layer 136, i.e., outside openings 137, is removed by a wet etching process. Due to the
conductive material covering the portions of conductive layer 138 within openings 137, the wet etching
process does not remove conductive layer 138 proximate to conductive pads 160. That is, the wet etching

process doEs RGTHYeErdticIhtgtive thy B 138 heRBath EGtiutiive pAds 1868 dHd - 168. FhéRétch stop of

conductiveslaygr 38 isseoriolledrie agsukatthe-adgenef inswatiag tayer 136ntecUpe the end of
openings 137. Semiconductor wafer 120 is singulated through saw street 126 using a saw blade or laser

cutting todf 172 Trito ridividurSerhitohBctoP At £24. Ve Mate&E2 7 HowE <eificbRGuctor die 124 with
bumps 170 andstacket coneuative pads 1660:and368formed aves conductivelayerssliddeand 138. The
stacked c%ndugtive ads 160€nd 168 have a fine pitch for qlélh deﬁlsit}élnterconﬁr‘\ect. The wider

conductive fayer 134 aRd 138 aref SotduttiVe RateralSithin opefingd 37 ihGAstIgtRg Ryer 136
decreasedeurent density areuncbtheéhasevef the gtackedcondogtivespads 260 and 681 Dre to the

conductive, material ering the portigns of conductive layer 138 within openings, 137, th t etching
orocess Soos ARGt el o e s 130 ProGERe B e BERa EordTcaba Yt 1D and 166,
By avoidingrthe tindergut ot condugtive layer 138 benédath dhid stackedlcondaetivecpadsit®l and 168, the
adhesion beltwae](:eg CPQQ”%%’;? Q:ads 168% and andg%tivlejlgygrsl%% isnr@aintained which Increases joint

ond alned ch. .
strength.prjhe narrower conductive p% Jl\é% re E{CE stress on Insu atlnglI%lyer Yg which reduces cracklng

of insulatingrragers 36 andmﬁcreaseslqhanufafﬁhﬂéingaeﬁ@bimy. CO_IldUCFI@@. 8ai8g dllustrate, in relation
to FIGs. 1 and 2a-2¢. anothey, process ot forming. stacked gonductiye pags ver a seed;layer on a contact

pad of a semiconductor die without undercutiing the seed layer beneath the stacked conductive pads.
Continuinigff oG Bf Lary elecirically ednducthveamateriad s depgsited vithig pagemettapenings 142 in

insulating layer 140 disppsedOver, gcerductive layer, 134,and; 138 using,a metal depasitian.process such

as PVD, CVD, sputtering, electrolytic plating, and electroless plating, as shown in FIG. 8a. The conductive

material 2 Be hadtipletapsts Of A, PONALCHL B3R, NE VR, or A THe contiictive Wiatédaltpartially fills

patterned-gpenings 142 in insylafingayer 140;to fosm gonductive pads 180-Rue g0 the garrower
patterned openings 142 and overhanging insulating layer 140 over openings 137, the conductive material
also covets i portionst conbactive layer P3& Wwithiniépenings 137 dulsidd oP Rt diaewalls f openings

142. Congdyctivespads 18@ are glectrically conneeted:te £ondustivel kayers134 and 138.
conductive layers 134 and 138 and conductive material within the
openings in the insulating layer, 1s greater than the width of
conductive pads 156. The wider conductive layers 134 and 138
and conductive material within openings 137 in insulating layer
136 decrease current density around the base of conductive pads
156. Due to the conductive material covering the portions of
conductive layer 138 within openings 137 outside of the
footprint of conductive pads 156, the wet etching process does
not remove conductive layer 138 proximate to conductive pads
156. By avoiding the undercut of conductive layer 138 beneath
conductive pads 156, the adhesion between conductive pads 156
and conductive layer 138 is maintained which increases joint
strength. The narrower conductive pads 156 reduce stress on

insulating layer 136 which reduces cracking of insulating layer

-19-—



In FIG. 8D, a protective masking layer 182 with patterned openings 184 is formed within patterned
openings 142 in insulating layer 140 over surface 186 of conductive pads 180. The patterned openings
184 in protective masking layer 182 have a width less than a width of patterned openings 142 in insulating
layer 140. In FIG. 8c, an electrically conductive material is deposited over surface 186 of
conductive pads 180 within patterned openings 184 in protective masking layer 182 using a metal

depositiohP1o8Ess A &S PYD, TV I guittenitiyd efeetrofffit bidtihy, and electroless plating. The

conductive material cap iesmubipleslayens] of-Ak Pde Cui SNy 8i,AUQ Ag. Fhe gonductive material fills

openings 184 in protective masking layer 182 to form conductive pads 188 stacked over conductive pads

180. Condtctive pads 186 aftl 168" Ak dle Gty Corfidttdlf to ¢ondiittive faers 133 %Y 138.

FIG. 8d shewsra top vewxftiasiatingilayer 340 andquratective maskingylayeb 82 with conductive pads

188 formed within patterned openin 84 in the protective masking layer In FIG. 8e, protective
& 0T (S, o g

masking HYer 183 i$ réidovéd 1eavinyg cohidiictife paas 18 Etadket é%%laﬁgt?\yeiﬁgdéj 186."The
smaller patternied.apeningeh84 It maskingdayer E32 eausel a widthroficontluetiveapads 488 1a be smaller
thanaJNQg%gL%gﬂgycgg%ﬁ?gséggterned openings 142 in insulating layer 140
disposed over conductive layer 134 and 138 using a metal
deposition process such as PVD, CVD, sputtering, electrolytic
plating, and electroless plating, as shown in FIG. 6a. The
conductive material can be multiple layers of Al, Pd, In, Cu,
Sn, Ni, Au, or Ag. The conductive material partially fills
patterned openings 142 in insulating layer 140 to form
conductive pads 160. Due to the narrower patterned openings 142
and overhanging insulating layer 140 over openings 137, the
conductive material also covers the portions of conductive layer
138 within openings 137 outside of the sidewalls of openings
142. Conductive pads 160 are electrically connected to
conductive layers 134 and 138.

In FIG. 6b, a protective masking layer 162 with
patterned openings 164 is formed within patterned openings 142
in insulating layer 140 over surface 166 of conductive pads 160.
The patterned openings 164 in protective masking layer 162 have
a width less than a width of patterned openings 142 in
insulating layer 140.

In FIG. 6c, an electrically conductive material is
deposited over surface 166 of conductive pads 160 within
patterned openings 164 in protective masking layer 162 using a
metal deposition process such as PVD, CVD, sputtering,
electrolytic plating, and electroless plating. The conductive

material can be multiple layers of Al, Pd, Cu, Sn, Ni, Au, or
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An electrically conductive bump material is deposited over the stacked conductive pads 180 and 188
within patterned openings 142 in insulating layer 140 using an evaporation, electrolytic plating, electroless
plating, ball drop, or screen printing process. The bump material can be Al, Sn, Ni, Au, Ag, Pb, B1, Cu,
solder, and combinations thereof, with an optional flux solution. For example, the bump material can be
eutectic Sn/Pb, high-lead solder, or lead-free solder. The bump material is bonded to the stacked
conductii¥pads £80 aRBAEB STy AxuRabrlattdchhiertti bondhg frocess Hh OneemB6diment, the
bump materialis seflowed by beating the-matesial abeve dspaelting peind te faraxbyrpgs 190. In some
applications, bumps 190 are reflowed a second time to Improve electrical contact to the stacked
conductivé’PAYS 180 anBA83. BUips 166'24T Gist @ 20mprédsicH Bondéd - the stacked conductive
pads 180-ard 188.-Bumps d90ferned over thenstacked eondiictive pasls 1805and 888 represent one type
of Interconnect structure over (L:??nokléctive layers 134 and 138.0f se i%onducltor die 134 Alternatively,
bumps 190 over stackéd condictive PHis™180°End 18Y i€an SBOP 19 19y He: 80 il ating layer
140 is removed cleaviagnrips 90 andstackedwdiartductivel pads 180w@ndsl 8& disposecdaver conductive

layers 134 .and. 138. IQ FIG. 8g, theeportion o{ g(anductive layer 138 over insulaﬂn%layfr 136, i.e., outside
) W, in pa t%fge O qu%S in the ﬁo ec%lve mas liﬁ ager. .
openings , IS removed by a wet étching process. Due to the conductive material covering the portions

of conductive layer 138 withinGoperings t37 cthe wet etelsikgpyodessedoesodotiremozeaconductive layer

138 prox'{nate 10 condu%ltive pads 180 anq gg& Thag{isdthe wet etchi g process does ne undercut
conduc:tiveel%l\{/(la}1 138 beneat léfoend%%ﬁ&e pads i%S%n% 188, The etc s.toplé)ffe céjnat%sctive ayer 138 is

controlled ]F@o_émlaltethe edgé @ﬂr@iulatingnliaygms& 4.ei,mpntiﬁﬂhéfa1dl©1’y@ge_rﬂr69?s E@TLSS@m'_ﬂ:onc_luctor
wafer 120 is,singlated. trough §%‘C’;"p'59£(§§t 12§ using.a sayy blade of jaser cutfingtgol 192 into individual

semiconductor die 124. FIG. 9 shows semiconductor die 124 with bumps 190 and stacked
conductiveopads 180 andads forhed over conductive layers 134 and 138. The stacked conductive pads

180 and 188 have a fing pitch.for high density Jptercenngct The wider copductive layers.134.and 138 and

conductive material within openings 137 in insulating layer 136 decrease current density around the base
of the staRked cbhBudthrfads T60'aHe 168 Dheds thé orddctivemeiekial BoweirettheSsbrtions of

conductivglayer, 138 within; gpenings 131 nthewetetching RIeeess %ese'{}%éd@%ﬁé@o%”duwve layer 138
proximate to the stacked conductive pads 180 and 188. By avoidln%ithe undercut of conductive layer 138

beneath fheSstagikedd Eartductivé pads 18b°4Td 288 theRabhesiotr betiveen CofBuctie F4FSE80 and
conductive-layer 138 is-mainiained-which ingreasesioind strength, d heinargeywengondilgtive gads 180
reduce stress on insulating layer 136 which reduces prackin%of insulating layer 136 and Increases
manmacﬁmngﬁéhaﬁmy_solder, and combinations thereof, with an optional
flux solution. For example, the bump material can be eutectic
Sn/Pb, high-lead solder, or lead-free solder. The bump material
is bonded to the stacked conductive pads 160 and 168 using a
suitable attachment or bonding process. In one embodiment, the
bump material is reflowed by heating the material above its
melting point to form bumps 170. In some applications, bumps
170 are reflowed a second time to improve electrical contact to
the stacked conductive pads 160 and 168. Bumps 170 can also be
compression bonded to the stacked conductive pads 160 and 168.
Bumps 170 formed over the stacked conductive pads 160 and 168
represent one type of interconnect structure over conductive

layers 134 and 138 of semiconductor die 124. Alternatively,
bumps 170 over stacked conductive pads 160 and 168 is an SPOP.
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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. Claims What is claimed: 1. A
semiconductor device, comprising: a substrate;

In FIG. 6f, insulating layer 140 is removed, leaving
bumps 170 and stacked conductive pads 160 and 168 disposed over
conductive layers 134 and 138. 1In FIG. 6g, the portion of
conductive layer 138 over insulating layer 136, i.e., outside
openings 137, is removed by a wet etching process. Due to the
conductive material covering the portions of conductive layer
138 within openings 137, the wet etching process does not remove
conductive layer 138 proximate to conductive pads 160. That is,
the wet etching process does not undercut conductive layer 138
beneath conductive pads 160 and 168. The etch stop of
conductive layer 138 is controlled to occur at the edge of
insulating layer 136, i.e., up to the end of openings 137.
Semiconductor wafer 120 is singulated through saw street 126
using a saw blade or laser cutting tool 172 into individual
semiconductor die 124.

FIG. 7 shows semiconductor die 124 with bumps 170 and
stacked conductive pads 160 and 168 formed over conductive
layers 134 and 138. The stacked conductive pads 160 and 168
have a fine pitch for high density interconnect. The wider
conductive layers 134 and 138 and conductive material within
openings 137 in insulating layer 136 decrease current density
around the base of the stacked conductive pads 160 and 168. Due
to the conductive material covering the portions of conductive
layer 138 within openings 137, the wet etching process does not
remove conductive layer 138 proximate to the stacked conductive
pads 160 and 168. By avoiding the undercut of conductive layer
138 beneath the stacked conductive pads 160 and 168, the
adhesion between conductive pads 160 and conductive layer 138 is
maintained which increases joint strength. The narrower
conductive pads 160 reduce stress on insulating layer 136 which

reduces cracking of insulating layer 136 and increases
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an insulating layer formed over the substrate; a first conductive layer formed over the insulating layer
and into an opening of the insulating layer; and an interconnect structure extending from the substrate
through the opening in the insulating layer, wherein a width of the interconnect structure extending from
the substrate is less than a width of the opening in the insulating layer. 2. The semiconductor device of
claim 1, further including a second conductive layer formed over the substrate. 3. The semiconductor
device of W&iHT £ AWHEEHT tHethtérBdrrdet structure includes a conductive pillar. 4. The semiconductor
device of claim 1, whereizthe ipterggnnact structire jncludesa dirst gondyctivespad.1 and 2a-

2c, another process of forming stacked conductive pads over a
seed layer on a contact pad of a semiconductor die without
undercutting the seed layer beneath the stacked conductive pads.
Continuing from FIG. 3f, an electrically conductive material is
deposited within patterned openings 142 in insulating layer 140
disposed over conductive layer 134 and 138 using a metal
deposition process such as PVD, CVD, sputtering, electrolytic
plating, and electroless plating, as shown in FIG. 8a. The
conductive material can be multiple layers of Al, Pd, In, Cu,
Sn, Ni, Au, or Ag. The conductive material partially fills
patterned openings 142 in insulating layer 140 to form
conductive pads 180. Due to the narrower patterned openings 142
and overhanging insulating layer 140 over openings 137, the
conductive material also covers the portions of conductive layer
138 within openings 137 outside of the sidewalls of openings
142. Conductive pads 180 are electrically connected to
conductive layers 134 and 138.

In FIG. 8b, a protective masking layer 182 with
patterned openings 184 is formed within patterned openings 142
in insulating layer 140 over surface 186 of conductive pads 180.
The patterned openings 184 in protective masking layer 182 have
a width less than a width of patterned openings 142 in
insulating layer 140.

In FIG. 8c, an electrically conductive material is
deposited over surface 186 of conductive pads 180 within
patterned openings 184 in protective masking layer 182 using a
metal deposition process such as PVD, CVD, sputtering,
electrolytic plating, and electroless plating. The conductive

material can be multiple layers of Al, Pd, Cu, Sn, Ni, Au, or
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5. The semiconductor device of claim 4, wherein the interconnect structure further includes a second
conductive pad formed over the first conductive pad. 6. The semiconductor device of claim 4, wherein the
interconnect structure further includes a bump material deposited over the first conductive pad. 7. A

semiconductor device, comprising: a substrate including an insulating layer disposed over the
substrate; a first conductive layer formed in an opening of the insulating layer; and
Ag. The conductivé material fills openings 184 1in protective

masking layer 182 to form conductive pads 188 stacked over
conductive pads 180. Conductive pads 180 and 188 are
electrically connected to conductive layers 134 and 138.

FIG. 8d shows a top view of insulating layer 140 and
protective masking layer 182 with conductive pads 188 formed
within patterned openings 184 in the protective masking layer.

In FIG. 8e, protective masking layer 182 is removed
leaving conductive pads 188 stacked over conductive pads 180.
The smaller patterned openings 184 in masking layer 182 cause a
width of conductive pads 188 to be smaller than a width of
conductive pads 180.

An electrically conductive bump material is deposited
over the stacked conductive pads 180 and 188 within patterned
openings 142 in insulating layer 140 using an evaporation,
electrolytic plating, electroless plating, ball drop, or screen
printing process. The bump material can be Al, Sn, Ni, Au, Ag,
Pb, Bi, Cu, solder, and combinations thereof, with an optional
flux solution. For example, the bump material can be eutectic
Sn/Pb, high-lead solder, or lead-free solder. The bump material
is bonded to the stacked conductive pads 180 and 188 using a
suitable attachment or bonding process. In one embodiment, the
bump material is reflowed by heating the material above its
melting point to form bumps 190. In some applications, bumps
190 are reflowed a second time to improve electrical contact to
the stacked conductive pads 180 and 188. Bumps 190 can also be
compression bonded to the stacked conductive pads 180 and 188.
Bumps 190 formed over the stacked conductive pads 180 and 188
represent one type of interconnect structure over conductive
layers 134 and 138 of semiconductor die 124. Alternatively,
bumps 190 over stacked conductive pads 180 and 188 is an SPOP.
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an interconnect structure including a first width within the opening of the insulating layer and a second
width less than the first width outside the opening of the insulating layer. 8. The semiconductor device of
claim 7, further including a second conductive layer formed over the substrate. 9. The semiconductor
device of claim 7, wherein the interconnect structure includes a conductive pillar. 10. The semiconductor
device of claim 7, wherein the interconnect structure includes a first conductive pad. 11. The

semiconductor device 6f'claif 102 Wherdif tHé ntdréohABETsthuttureFuRRBPvEides SPHUMBP material
deposited ompisthedirsternductive padc dZa dbe iseaigarguctandeviee obelaim 0o wherejndhe

interc:onn((:a(g:}1 3tlglécgtiugeefulrg1er includes a secand conductive Gpad formed over the first conductive pad.

yers 134 and 138. In FIG. 8g, the portion of
conductive layer 138 over insulating layer 136, i.e., outside
openings 137, is removed by a wet etching process. Due to the
conductive material covering the portions of conductive layer
138 within openings 137, the wet etching process does not remove
conductive layer 138 proximate to conductive pads 180 and 188.
That is, the wet etching process does not undercut conductive
layer 138 beneath conductive pads 180 and 188. The etch stop of
conductive layer 138 is controlled to occur at the edge of
insulating layer 136, i.e., up to the end of openings 137.
Semiconductor wafer 120 is singulated through saw street 126
using a saw blade or laser cutting tool 192 into individual
semiconductor die 124.

FIG. 9 shows semiconductor die 124 with bumps 190 and
stacked conductive pads 180 and 188 formed over conductive
layers 134 and 138. The stacked conductive pads 180 and 188
have a fine pitch for high density interconnect. The wider
conductive layers 134 and 138 and conductive material within
openings 137 in insulating layer 136 decrease current density
around the base of the stacked conductive pads 160 and 168. Due
to the conductive material covering the portions of conductive
layer 138 within openings 137, the wet etching process does not
remove conductive layer 138 proximate to the stacked conductive
pads 180 and 188. By avoiding the undercut of conductive layer
138 beneath the stacked conductive pads 180 and 188, the
adhesion between conductive pads 180 and conductive layer 138 is
maintained which increases joint strength. The narrower
conductive pads 180 reduce stress on insulating layer 136 which

reduces cracking of insulating layer 136 and increases
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13. The semiconductor device of claim 12, wherein the second conductive pad is disposed around a
perimeter of the first conductive pad or in an interior region of the first conductive pad. 14. A
semiconductor device, comprising: a substrate including an insulating layer disposed over the
substrate; and an interconnect structure including a first width within an opening in the insulating layer
and a second width less than the first width outside the opening of the insulating layer. 15. The
semicondFAGAEVicE dfelain 142 Rirther Yncluding a conductive layer formed in the opening of the

insulating layer. 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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16. The semiconductor device of claim 14, wherein the interconnect structure includes a conductive pillar.
17. The semiconductor device of claim 14, wherein the interconnect structure includes a first conductive
pad. 18. The semiconductor device of claim 17, wherein the interconnect structure further includes a
second conductive pad formed over the first conductive pad. 19. The semiconductor device of claim 17,
wherein the interconnect structure further includes a hump material deposited over the first conductive
pad. 20. A semiconductor device, comprising: 2Sdt3trate including an insulating layer disposed over
the substrate; and

What is claimed:

1. A semiconductor device, comprising:

a substrate;

an insulating layer formed over the substrate;

a first conductive layer formed over the insulating layer
and into an opening of the insulating layer; and

an interconnect structure extending from the substrate
through the opening in the insulating layer, wherein a width of
the interconnect structure extending from the substrate is less

than a width of the opening in the insulating layer.

2. The semiconductor device of claim 1, further including a

second conductive layer formed over the substrate.

3. The semiconductor device of claim 1, wherein the

interconnect structure includes a conductive pillar.

4. The semiconductor device of claim 1, wherein the

interconnect structure includes a first conductive pad.

5. The semiconductor device of claim 4, wherein the
interconnect structure further includes a second conductive pad

formed over the first conductive pad.
6. The semiconductor device of claim 4, wherein the

interconnect structure further includes a bump material

deposited over the first conductive pad.
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an interconnect structure extending from the substrate through an opening in the insulating layer, wherein
the interconnect structure includes a first width within the opening in the insulating layer and a second
width less than the first width outside the opening of the insulating layer. 21. The semiconductor device of
claim 20, further including a conductive layer formed in the opening of the insulating layer. 22. The
semiconductor device of claim 20, wherein the interconnect structure includes a conductive pillar. 23.

The semitonduétor B8vice B im0 Whetgin theTiRtercoriéct structure includes a first conductive pad.

a substrate including an insulating layer disposed over the
substrate;

a first conductive layer formed in an opening of the
insulating layer; and

an interconnect structure including a first width within
the opening of the insulating layer and a second width less than

the first width outside the opening of the insulating layer.

8. The semiconductor device of claim 7, further including a

second conductive layer formed over the substrate.

9. The semiconductor device of claim 7, wherein the

interconnect structure includes a conductive pillar.

10. The semiconductor device of claim 7, wherein the

interconnect structure includes a first conductive pad.

11. The semiconductor device of claim 10, wherein the
interconnect structure further includes a bump material

deposited over the first conductive pad.

12. The semiconductor device of claim 10, wherein the
interconnect structure further includes a second conductive pad

formed over the first conductive pad.

13. The semiconductor device of claim 12, wherein the second
conductive pad is disposed around a perimeter of the first
conductive pad or in an interior region of the first conductive

pad.
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24. The semiconductor device of claim 23, wherein the interconnect structure further includes a second
conductive pad formed over the first conductive pad. 25. The semiconductor device of claim 23, wherein
the interconnect structure further includes a bump material deposited over the first conductive pad.

14. A semiconductor device, comprising:

a substrate including an insulating layer disposed over the
substrate; and

an interconnect structure including a first width within an
opening in the insulating layer and a second width less than the

first width outside the opening of the insulating layer.

15. The semiconductor device of claim 14, further including a

conductive layer formed in the opening of the insulating layer.

16. The semiconductor device of claim 14, wherein the

interconnect structure includes a conductive pillar.

17. The semiconductor device of claim 14, wherein the

interconnect structure includes a first conductive pad.

18. The semiconductor device of claim 17, wherein the
interconnect structure further includes a second conductive pad

formed over the first conductive pad.

19. The semiconductor device of claim 17, wherein the
interconnect structure further includes a bump material

deposited over the first conductive pad.

20. A semiconductor device, comprising:

a substrate including an insulating layer disposed over the
substrate; and

an interconnect structure extending from the substrate
through an opening in the insulating layer, wherein the

interconnect structure includes a first width within the opening
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in the insulating layer and a second width less than the first

width outside the opening of the insulating layer.

21. The semiconductor device of claim 20, further including a

conductive layer formed in the opening of the insulating layer.

22. The semiconductor device of claim 20, wherein the

interconnect structure includes a conductive pillar.

23. The semiconductor device of claim 20, wherein the

interconnect structure includes a first conductive pad.

24. The semiconductor device of claim 23, wherein the
interconnect structure further includes a second conductive pad

formed over the first conductive pad.

25. The semiconductor device of claim 23, wherein the

interconnect structure further includes a bump material

deposited over the first conductive pad.
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