SEMICONDUCTOR DEVICE AND METHOD OF PROVIDING COMMON
VOLTAGE BUS AND WIRE BONDABLE REDISTRIBUTION Field of the
Invention The present invention relates in general to semiconductor
devices and, more particularly, to a semiconductor device having large
conductive buses or wirebondable regions. Background of the Invention
Semiconductor devices are found in mang roducts in the fields of
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automotive, industrial controllers, and office equipment. The
semiconductor devices perform a variety of electrical functions necessary
for each of these applidatiehd. of tHewnitovdnttorrievices operate by
exploiting the electrical properties of semiconductor materials. Generally,
semiconductor materials have electrical properties that vary between
those OteontBEfts ahdiRSkART ST M moRE cases Semitdndfctors have

skeoelestricab conduyctibdty, hawevabtheipeenrdustivity can he modified
thro%%h éhe use of doping &nd/or apf)lied electrical fields. Dopin% involves
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weleetrical prdpertieg.ibepending on the amount of doping performed,
semiconductor materials may be permanently modified to conduct
electricity as well as other conductors or to act as insulators. The

application of electrRaigs arAnpfiffdahErcestritaity of

semiconductor materials by

Semiconductor devices are found in many products in
the fields of entertainment, communications, networks,
computers, and household markets. Semiconductor devices
are also found in military, aviation, automotive,
industrial controllers, and office equipment. The
semiconductor devices perform a variety of electrical
functions necessary for each of these applications.

Semiconductor devices operate by exploiting the
electrical properties of semiconductor materials.
Generally, semiconductor materials have electrical
properties that vary between those of conductors and
insulators. In most cases, semiconductors have poor
electrical conductivity, however their conductivity can be
modified through the use of doping and/or applied
electrical fields. Doping involves introducing impurities
into the semiconductor material to adjust its electrical
properties. Depending on the amount of doping performed,
semiconductor materials may be permanently modified to
conduct electricity as well as other conductors or to act
as insulators. The application of electric fields also

modifies the conductivity of semiconductor materials by



modifying the distribution of conductive particles within the material.
Through doping and the application of electronic fields, integrated circuits
are formed and operated over a semiconductor substrate. The circuits
include multiple layers of semiconductor, insulator and conductive
materials. Because the electrical properties of semiconductor
materials may be altered by the application of electric fields, they can be
nGsed Yo' htanutactite bbtPPassiVe ahdattvedrclf éléments. Padsivé
teiEcuibelenents inalude egpaecitersy hductorsh eesistors and athergircuit
Elemcents .thatfare rgiot cafatble of power (I;ain. A£ctive circuit elements
ChoWeVer Nclids transistors shd afiow fof the creation of Ciretits that can
obetteamplifyvand switeh efectrdcaltsignalsb$rarsistors drectheifundanrental
iglements,of madern comayting systems-and allow, for the.formationofy
logic circuits that include complex functionality and provide high
cpefvmanCe M2t WaRy fransistors can be combined into a single
integratechcikeuit fosmedeovear ia-semicanslictaranater ossubstateictor
Inte rat%d circuit comlbine mgn%‘ét‘ra%sistors ?nd other paej,fsivgL and active
MEirSUit eIt over a'difgiR substrate 16 Brovide toRipIex efectionic ©
feieduits, sudheas paocessors cniicrocomntrollers,tdigitalsighalgprocéssorsnd
23d pemery systems. Modern integrated.circuits, may indlyde tens gt 1 5.
millions of transistors and provide the complex functionality of all
cepnphtifg SysiersldhfsgtateEitcitrand Bthet dermicehadetbr devideants
tielegtranicsaystepsipravide high perfgsmance dn eismalk area and may
be created using cost-efficient manufacturing processes. The
S riaitfaciord i sEmicontiictot Fevided Snd itegrated cirehitd imiivéd e
ctormation affa waferthaving asplurality bbdie. &achisemicoaduetot clie
5QaIns. transistors,and other active and passiye cireuit slements,
peﬁormmg a vaﬁety of electrical functions. For a given wafer, each die
efrgrtethieswafertypieally peroins tive shffecalecHital fungionfor the
roemieanducter devices are formed intyo stepsyeterrechtn as front-end

and back-end manufacturing that Involve formation of the die and
EHRekEding foran 8Rd J¥ery L 9€ Frdittle R Mdufactfing generally refers

to formatign of the serveanditondeviees ondhe wafer.aDurimg fermation
;ghihe, deviges, Jayers.of g disleptric material.such a5 siicon digxide are

Hepgsitede over the wafer. The dielectric fadilitates the formation of
straAsistdrs andimeawry chduits rivietd] Jayersiara depositet :oves ilve wafer
a3nd pattemned, taslntercongect the, variqus-semiconductar deyices..The g1

finished wafer has an active side containing the transistors and other
SHEE ahE paSseToiforertel AfteFHREAEVIBES are Formed theg arés
ptested Hba preliminasy testingLstepdo verify thel devigas are opesationad., If

a gufficniler}tl hightnumber [%f ge\gces are d]ifscovgred. to cor%tairrln de1‘e.crgs,l q
“the dévices or &Ven the entire water may be discarded. —~ oY THETHES
tens of millions of transistors and provide the complex

functionality of all computing systems. Integrated
circuits and other semiconductor devices in electronic
systems provide high performance in a small area and may be
created using cost—-efficient manufacturing processes.

The manufacture of semiconductor devices and
integrated circuits involves formation of a wafer having a

plurality of die. Each semiconductor die contains



Back-end manufacturing refers to cutting or singulating the finished wafer
into the individual die and then packaging the die for structural support
and environmental isolation. To singulate the die, the wafer is scored and
broken along non-functional regions of the wafer called saw streets or
scribes. In some cases, the wafer is singulated using a laser cutting
device. After singulation, the individual dies are mounted to a package
CEapstrate that Refuddssins Bt cbhta Padsor intercohhedtion St 6thet
psystermeerypaneantsi &ontact padscformesgiovrrthe semiconducton digi aken
g8, connected o, contact pads within the package, Often, wire banding fg
tiséd to make theconnection, however other connéction ecrhnologles
eductt as splderbumpsor stutEbdmpirty mayrbel esed cAfter wiredsoming n
£33 encapsulant or other.molding material js deposited over, the package to

provide physical support and electrical insulation. The finished package is
mHeRfRSEHEd TiTtotAT Elebliical $ysteth ARt the faActiorality 8f fHe
pSemiconectordevice isgmagderavailable to the other system components.
One goal of §emiconduc%or manufacturin% IS 0 roduge a packque .
suitabié ot TaStEr, PEtiABlE SMiAiId Y ald higher dedsity htedrated GiFktiits°™
odt lower vost. ddipdchip packages s wafek levebpackagearetideally
rSited for integrated circyits demanding high spesd, high density, and.; .,
greater pin count. Flip chip style packaging involves mounting the active
sgigle gfIhé Hie fade dowiteward a cHip eairiersubstraté be prinfercircuibe
dbead-(RGR). fihe: electical apddnechanicabiptereonnectheiwees theq
circuit elements on the die and conduction tracks on the carrier substrate
MEeeved tHtohgh a SBIEET bafmp Stiuctafe SoRprisinga taige MilfbER6F®
aeanguativersalderrbumps<or dallse The tsetderdaumps asefarmediby teor
siSflow procesg anplied p solder matsrial deposited on contact pads which,
are ghspose on the semiconductor substrate. The solder bumps are then
t&6ldered ol thecearrien dubstrate. Thielflip chilslsemicorichictorrackaiges -
apravides,a shottielectricalcenduction patb.frampdhe activg cirguit elements
on the die to the carrier substrate in order to reduce signal propagation
PHRtANtE] Towel E8pdcifanteSBnd Achidvie dvérafi btiet Circuit©©
opetfarmance.. I1Oftendhesemicandyctor package#cludesidiesdaying e
a59mmon gliage Buses..The puses Inclyde canduyciive materials such as
copper formed over a rejfatwe?y Farge area. A ougch the buses allow Tor
esdévieral diefintercennéctichisslavidg the same common voltage, the large
area efthickconductive material,generates high leyels;of residue stress.

The stress can cause damage to the IC active circuitry and general |
SpACKHgE fetidbliity pfoilémacd "ahTonvBhflofdihadkayestbntalt fadsa
t aeenformedeverdhepackage for-electricat intercannest :Qftan dhe
eE‘\E%rEOQHS%EkEfOEme? Lising, wirehonds connegted,io coact pads formed

over the package. TheTormation of conventional wirebond interconnect

istrgctaresirequirdstighicost froat end-wafer piogessingemciudingt the
wshemical mechanical polishing (GMEB)..chemical vapyrdeposition, (CYP)

and reactive ion etchingr (RIE) to form the rerouted perﬁii%k&e.ral input/output
YBA&ES forSwite BORdHG: THeSforhatioh Bt PeriphefaliApaeoutpat pads isT
sexpensive and results ua pagkage having.a selabvalydarge-footprinik age

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. O0Often, wire bonding is



Summary of the Invention In one embodiment, the present invention
is a method of making a semiconductor device comprising providing a
wafer having a plurality of semiconductor die. The wafer has contact pads
formed over a surface of the wafer. The method includes forming a
passivation layer over the wafer, and forming a stress buffer layer over the
passivation layer. The stress buffer layer is patterned to expose the
UEGtabPpAas STHE MetRBd Hidludes depBsting Liietal IaferGverthd
tstirasshbuffeelayetchhe.metallayer providesa conynopwaliage busfopthe
semiconduetor device and is in electrical communication with the confact,
upa&si. The method includes forﬁﬁng an interconnect structure over the 2
mpietalilayeri s depcanicther embodirhent, dlvé present ipventioteishysical

sMsthed of making asemicondyctor dey &ﬁ.COWHQSiE‘QnEE%@i n&a%}é@é%r is

having a plurality of semiconductor die. The wafer has contact pads

thipmetl\er e Surface of thewardr: The méthteechitesforming a
rpassivation layer evet the walerc Jhepassivaionilayen is patterngddolable
expose thehcontact ads. The method Includes forming an adhesion layer

E8ver %eov%al%?, and oerrpniﬁanépé)éleedliﬁ/ér over the adhesion layer. The
seed l[ayer imimlelettricahcommiunicatiomuithithe tcontact pads: Iheroduce

agﬁé_@% HEC'%@SISC depasiing a-phgtoresistive, majerial Qyer fhe wafgr, and

olating a metal layer over the wafer. The metal layer is patterned in
hagésraanee withthenpisstorésistive-materidl. The tRéthbdIneludest 1P

ckerpoyingithe Lhoteresistive matesial, Liching-a partion eftheseed layer
and the adhesion layer to_expose a portion of the passivation layer,

E8&pasiting aAiTEnSdabie tay s BB HHE nlta? fay@PS&Ad cOhRBChg Sty
awitebonds ¢a the wirebondablerlayer.ch i plnsandthep entogiment,ithe 1ve s

nBIGSENG Lnvention i%f‘v@eéhl‘?adeo“o’%‘a&eg_%feef(‘jﬂﬁg%%qlé%v%d%‘éicerd a chip
comprising providing a semiconductor dle, and rorming a see(]qiséyer over
Ctherséemicondaietor tdie OTh@ seed 8y eriis i efediieal €omMimbhicatiBhawith

cGtact pads of the,semigonduictardie-The naethoddncludesplating acui
metal layer over the semiconductor die. The metal layer provides a

CLEMAOT voltage Bus 161 e s&micOndhctor devites The metifod fcludes
scorRnecting wikehbends te-thecmetaldayer. soldaranaiher embodiment, the

Bresent invention s g semicendugtor deyiee.camprising a semigonductor
|eI,) and a seed aye??orme over the semiconductor die. The seed layer
biglin electfibal comArmidatiomwitha contactpad of theesémicanduetorsdie.

apBe semiegnductar deyicedncludes ametaldayerplated gver theqs wnicn
semiconductor die. The metal layer provides a common voltage bus for

afffe SemROPTICHT deVice’ Thesemitordtciattevice fcludeswitebofids

bumps are then soldered to the carrier substrate. The flip
chip semiconductor package provides a short electrical
conduction path from the active circuit elements on the die
to the carrier substrate in order to reduce signal
propagation distance, lower capacitance, and achieve
overall better circuit performance.

Often the semiconductor package includes dies having
common voltage buses. The buses include conductive
materials such as copper formed over a relatively large

area. Although the buses allow for several die



connected to the metal layer. Brief Description of the Drawings FIG. 1
illustrates a printed circuit board (PCB) with different types of packages
mounted to its surface; FIGs. 2a-2d illustrate further detail of the
semiconductor packages mounted to the PCB,; FIGs. 3a-3d
illustrate a method of forming a semiconductor device having a common

_voltage bus formed over a stress buffer layer; FIG. 4 illustrates a
LfoRssuthipnal el GFthe teVics of RIES. SCTAKEN Alohgisiane 46t FIer 9
ade shewinghpassivation formed avela comrgenypitage busgh levels of

residue stress. The stress can cause damage to the IC
active circuitry and general package reliability problems.
In conventional packages, contact pads are formed
over the package for electrical interconnect. Often the
interconnect is formed using wirebonds connected to contact
pads formed over the package. The formation of
conventional wirebond interconnect structures requires
high-cost front end wafer processing including chemical
mechanical polishing (CMP), chemical wvapor deposition (CVD)
and reactive ion etching (RIE) to form the rerouted
peripheral input/output pads for wire bonding. The
formation of peripheral input/output pads is expensive and

results in a package having a relatively large footprint.
Summary of the Invention

In one embodiment, the present invention is a method
of making a semiconductor device comprising providing a
wafer having a plurality of semiconductor die. The wafer
has contact pads formed over a surface of the wafer. The
method includes forming a passivation layer over the wafer,
and forming a stress buffer layer over the passivation
layer. The stress buffer layer is patterned to expose the
contact pads. The method includes depositing a metal layer
over the stress buffer layer. The metal layer provides a
common voltage bus for the semiconductor device and is in
electrical communication with the contact pads. The method
includes forming an interconnect structure over the metal
layer.

In another embodiment, the present invention is a

method of making a semiconductor device comprising



FIGs. 5a-5b illustrate a semiconductor device having a common voltage

bus formed over a stress buffer layer, interconnect bumps and

under-bump metallization (UBM) are formed over the device;

FIG. 6 illustrates a semiconductor device having a common voltage bus

formed over a stress buffer layer, interconnect bumps are formed over a

barrier and seed layer of the semiconductor device; . FIG.7
PgEtrated% setfidsidutiordévide Maviry'a thntthor YBitage B Tormeds -
Tavera siess buffes layerrintereenneetpilarsvare formedoves the the

JCymon yoltage bis;, . oEIGs. 8a 8 llustiate amethod of, .
manufacturlng a semlconlalucﬁ)r dSGVICG ﬁ‘awﬁg a ﬁ/lresoon ab(fe Y

omalﬁb@tiomfmrfprmmlgeeleeﬁm_avme'm@nhem is patfEn®d to
e%gégéteéh%t%}{l@%‘ef thessemicepdugiordeyics oh Bl 8fr i ng EICG:

illustrates a semiconductor device with a wirebondable layer formed
a@%gqiﬁﬂjéaﬁgée%ﬁgqngﬁﬁ wafer, and forming a seed layer

over the adhesion layer. The seed layer is in electrical
communication with the contact pads. The method includes
depositing a photoresistive material over the wafer, and
plating a metal layer over the wafer. The metal layer is
patterned in accordance with the photoresistive material.
The method includes removing the photoresistive material,
etching a portion of the seed layer and the adhesion layer
to expose a portion of the passivation layer, depositing a
wirebondable layer over the metal layer, and connecting
wirebonds to the wirebondable layer.

In another embodiment, the present invention is a
method of making a semiconductor device comprising
providing a semiconductor die, and forming a seed layer
over the semiconductor die. The seed layer is in

electrical communication with contact pads of the

semiconductor die. The method includes plating a metal
layer over the semiconductor die. The metal layer provides
a common voltage bus for the semiconductor device. The

method includes connecting wirebonds to the metal layer.

In another embodiment, the present invention is a
semiconductor device comprising a semiconductor die, and a
seed layer formed over the semiconductor die. The seed
layer is in electrical communication with a contact pad of
the semiconductor die. The semiconductor device includes a
metal layer plated over the semiconductor die. The metal
layer provides a common voltage bus for the semiconductor

device. The semiconductor device includes wirebonds



metallization layer; and FIG. 11 illustrates a semiconductor
device having a main metallization layer that is used as a bondable
surface for wirebonds. 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
CRTRFNSHT the best nititie’for Behfdving the invention's objectives, it will be
appreciated by those skilled in the art that it is intended to cover

alternatives, m iflca%io&sa,sand equivgl%r}ts ¥.at%?' included within the

S
spirit and scope of the |nverﬁirolr1p§§ deérined %yethe apple?ﬁsed claims and
their equivalents as supported by the following disclosure and drawings.

The manufagture of semiconductar devices involyas farmarion af &wafer
having a plurality of die. Each die contains hundreds or thousands of

dEahSisEES andPGthef Achve and Pastredifclitélefiehts peffdffing one

or more electricad functions. For a-giver waferach dieftom the waler
sggical% Operforms the same electrical function. Front-end manufacturing
e

RErANG Fefets 18 forhistion SR ‘Semicdnalistor delices on the wafer.
The finishedBvafer has-atdadtiveuside containing:thedrarfsistorsand ather

s8f11ve,and passive components, Bagk-eqd manyfaciuring fefers:g guing

or singulating the finished wafer into the individual die and then packaging
Ooffferdie foF StaEtUPAIESUIpoteaRd/or environmental isolation. A

semiconducter wafer generally inclydes apagtivesurfageshavingw of the
SSomiconducor devices disp0sed 8 5 plane 4 of FIG. 3c showing
passivation formed over a common voltage bus;

FIGs. 5a-5b illustrate a semiconductor device
having a common voltage bus formed over a stress buffer
layer, interconnect bumps and under-bump metallization
(UBM) are formed over the device;

FIG. 6 illustrates a semiconductor device having
a common voltage bus formed over a stress buffer layer,
interconnect bumps are formed over a barrier and seed layer
of the semiconductor device;

FIG. 7 illustrates a semiconductor device having
a common voltage bus formed over a stress buffer layer,
interconnect pillars are formed over the common voltage
bus;

FIGs. 8a-8f illustrate a method of manufacturing
a semiconductor device having a wire bondable metallization
for forming electrical interconnects;

FIG. 9 illustrates a top view of the
semiconductor device of FIG. 8f;

FIG. 10 illustrates a semiconductor device with

a wirebondable layer formed over a top surface of a main



thereon, and a backside surface formed with bulk semiconductor material,
e.g., silicon. The active side surface contains a plurality of semiconductor
die. The active surface is formed by a variety of semiconductor processes,
including layering, patterning, doping, and heat treatment. In the layering
process, semiconductor materials are grown or deposited on the substrate
by techniques involving thermal oxidation, nitridation, chemical vapor
N§épdsitién, tevaporation,iaid Sputtering. Photolithography Involves the
masking of areas of the surface and etehisgrawayundesiredigatesal to
hform specific structuresrl'l'.he doBinglproces%iln'%Cts concegtrations of
dopat matstal by thermardiffusion srion implantafion- oo 2% FIG. 1
bitudtrates electronic devicer 10diavintpa chip carrier substrate or printed
circuit board (PCB) 12 with a plurality of semiconductor packages or
semiconductor die mounted on its surface. Electronic device 10 may have
one type of séMfifc®hdBEo? pREkagE Tormehighd s ficonductor
packages, depending on the application. The different types of
semicondugtos packages ane shownsindd & Aifies purposesobilustsation.
Electronic device 10 ma a stand-alone system that uses the
D SNt L B B Mo A saG0gs, ©°
tekectroaiccdgevice 10whaybeld saboomponént ofalargensysteen . store or
sexample. electronic devige; 10 may.be agraphiss cardnetwarklpterface

card, or other signal processing card that can be Inserted into a computer.

t?ﬁ@%eﬂﬁcéﬁéugﬁﬁba@@@e E&R 1RADAE MitFoproBesSBre nethortes,

oapplicatipasspecificintagnated piseuits: AL S)ylogiceircuits; analpgin the
(r:i{cq;i%sé{adio fr.equ,enc%/ (FE& cérguits, discref% circuit elements, or other

a 1 1s 1ntéende cover ernatiye
Sémicohduttor'die bf eTéctRcal” offipoents. YWFIG. 1, PCB 12

nmprovides & generalsubstrate foristructured suppokteantheléctiivdl within

titerconnect of the semicopductor packages apd ptherelecronic, ¢
components mounted on the PCB. Conductive signal traces 14 are

afSPRTEEeh alstirfatelarwithinlay 8o PEBIME usihgevriporafich Py the

relectphytic plating wlectroless plating. sgkeen printing, or other suitable
metal deposition process. Signal traces 14 provide for electrical

communicatibh bStRRhEAH 6f fhe SemicoRbttior packgges Shounted
icompoaents; andtanyhcorinected External/system edmpenents. dfaces14

E%'é%(%(%id&%%"x%%“%%%%% gonnections.to each.of the.sericopductor
og%éfmggtive and passive circuit elements performing one or
more electrical functions. For a given wafer, each die
from the wafer typically performs the same electrical
function. Front—-end manufacturing generally refers to
formation of the semiconductor devices on the wafer. The
finished wafer has an active side containing the
transistors and other active and passive components. Back-
end manufacturing refers to cutting or singulating the
finished wafer into the individual die and then packaging
the die for structural support and/or environmental
isolation.

A semiconductor wafer generally includes an
active surface having semiconductor devices disposed

8



For the purpose of illustration, several types of semiconductor packages,
including a dual in-line package (DIP) 16, wire-bonded die 18, bump chip
carrier (BCC) 20, and flip chip package 22, are shown mounted on PCB
12. Depending upon the system requirements, any combination of
semiconductor packages or other electronic components can be

connected to PCB 12. In some embodiments, electronic device 10
Cirehiods a 8iyl& atackéd Semicsrduicior padicsy e’ WhilePother
sembedimentsccalhfor srultiple isterconreatedpackages. By combiningsone

or more serr;li%on%uctor ?cléaqe.stoverfa single su str tef mdanufac%ers
Stan ?ncc%rﬁgra & bré’-rﬁa e 1éo%ploﬁén?s int6 efectronic devicesand ~©
asystemss Betagase tlie Semiechducter packages intluslersophisticated
pfuncionality and repiesentknown ggod units (KGUs), electranic deyices. o+

can be manufactured using cheaper components and shorten the
Cirfmtifacttiring Proééss. ThecreSuftingr@a\Aess areTessaikeRFiofail and
niessexpensiyvedognandfasturesesyltingdndewen eostsifor eansumpers.

FI% 2a illustrates flurther detail of E)IP 16 mounted on PCB 12. DIP 16
Eheitited Semicohatdtor ic 24 H5/ing ofthct pads 26 SemicoRdtctor die
cBériclades ancactiverareatcomainmganaleyiordigitalcirgpits ter ing .
PiMpISMEaNiad a3, acive dryices, Passivedevces conduglive layergeand

dielectric layers formed within semiconductor die 24 and are electrically
stéRePNeBRcacEbraM Pt te BlEEFitAPde Sigh of e die® Fotdxample,
sthecgircuit may daelude Hne anmose Jangisterse dindesy, inductors,

capacitors, resistors, and other circuit elements formed within the active
CRRSB iR 24 Corthcf PRI 26 Mt e Fhade with & ConlactivE Matsrasuth
ias aluminum A ccapper (Cu), tin (Sn), nickel (Ni), gold (Au), or silver

(Ag), and are ejectrically Gonnegted to.the gireult elements omed witin,

die 24. Contact pads 26 are ormecf by a physical vapor deposition (PVD),
ceiemical vaper depasitieh ¢CYD)Peletiolticiplatng, droeledréRsE plating
wRhacesspPuring asseply, of DIBLA; sesiconductgr die,24 is mounted 4@ or

a die attach area of lower portion 28 of the package body using a
déSId%Wéﬁr‘?@u%%tiHﬁyegrU&rfﬁdﬁesivéaﬁ?a?@ﬁ&l?éﬁcﬁ%‘é%ﬁ@rrﬁgl 8pdxyrave
ohbe package boslyilncludestarrinsulativedpackagingl materdalispchas £
sRlastic.on ceramic, Gonductor leads 30.are connagted to lower,portion 28, .

of the bodly and bond wires 32 are Tormed between léads 30 and contact
dpads perof die'Rds Eptapsulant 84us deposied avestm package fom FIG.

1eryronmental proteetion by reyenting moisture and particles from
entering the’gackage and contaminating die 24, contact pads 26, or bond

wires 32. DIP 1855 conhectil e CBY13'%Y iRSerting 18ads 303R IFoleser
tfprmegsthsough P& 120 5elder spatesiak 364s flowedaround leads 30 and

into the holes to sically electrically connect DIP 16.to PCB 12.
GOl Ao S S ie sty AT of St e SRS, 1O
mey. kb8nalead{PhypAncAg, Ch, zint(Zyy rbismeiteinite (BLY, andralobys

thereoh, with an gptignal flux maferial. Eor example, the éoll%etmm@%fial

_can be eutectic Sn/Pb, high léad, or lead free. . eferring to FIG.
12624 MAEbERdEd diF 18 hawingsesitact pads 3838 Mouiited tIPEBER be

i usiagadhesive-material40: Gontactpads 42 asa dormed opdtbe sysfacerof
. PChP %12 and electrically connect to one or more trlacest14 formed qn or
within the'layérs of PEB°T2. BoA Wires 44 aré formed bétedn contact
ipady 88w die 18and eontagt fads 42fiRCBikZuits, analog

circuits, radio frequency (RF) circuits, discrete circuit

elements, or other semiconductor die or electrical



FIG. 2c lllustrates further detail of BCC 20 with an Incorporated
semiconductor die, Integrated circuit (IC), or combination thereof.
Semiconductor die 46 having contact pads 48 is mounted over a carrier
using an underfill or epoxy-resin adhesive material 50. Semiconductor die
46 Includes an active area containing analog or digital circuits
Implemented as active devices, passive devices, conductive layers, and
CafaRstfie tayers formed within semiconductor die 46 and are electrically
Interconnected according tothe efectrical design ofthe-die1 Fenexampie,
the ci£cuit may Iﬂclude one or more irangis.torsl diodces, inductorts, £ th
8§p§’cnrolﬁg, resis orssl,l%‘?lglrot’[h(‘3‘?1 circuit elements formed within the active
sareecofhdie At :Cortakbpads 48d@re Coemeetet-tortheiglectrivabdevices
304 cirguitty formedwithin thg active area of die 46. Bond wires,54 and
bond pads 56 and 58 electrically connect contact pads 48 of die 46 to
OBortattpads 520t BEERA MaMeEompéuRd Br ehcapstiantgegsration,
cdepesited,over gie A6, hondavices b4 1andscentact pags S2reproyident ing,
thsi%al su%gn,ort nd electriﬁaloilnsulation for the device. Contact pads 64
Care formed dn 1 0"SHe eleCirealy corheRt &3¢ or mord Eonductive
1gigpabtrades 14r Seldertmaterial iscdepuositedtbetweenteartacepats 52 ofhe
sBfiLc.20nd.contgel. pads £4 LBCRL12 The splde material s eflowed
to form bumps 66 whichform a mechanical and electrical connection
CHERRSEFBCT R0 EmIlPEBSE2M ComPONRIS: 2d T HipceHip Sfylelso
psemicandustiardevice 42 hassa semicenduster dise &2 withactivearea 70
mounted face down toward PCB 12. Active area 70 containing analog or
S Gt ALt tmpIEHEHIES as active devices, passive devices, conductive
layers, and dielectric=layersctosmedfwithilisemiconductos eie 72 1s t ypes
oglegtically Infereannesied accarding g (he glectricaldesign of fe gig. For.
exampiLe, the circuit n?ay Inctude one or more transistors, diodes,
(IrEdictors, capatitore nesibierse ahd othereirclit eleprerits $6rmEd Withir? /
aaetive area-7Q of die-¥25Ehe glectrical and,megbanical Intgreannechis
achieved through solder bump structure 76 comprising a large number of
DiriiddAToHiutivE Sofdet Biinps O bafid 78" The ¥old&rBtimps are™ ©f
statimnesham bump pads o dterconnect sites 80+ which-are-dispased ©®ncan
active area 70. The ads 80 connect tq the. active circuits by .
Aok At e ron 10, THES s SHEP R3S 76 acs Slechocii
dand psecrHanicalbrctriected v Eentact pads or srtercomact sitesBbpge,
whER12bya salder seflow process, The Interconpect sites82 8f@iectea

electrically connected to one or more conductive signal traces 14 on PCB
PESRPHE Flip chip setficdbRdiietor Yevite ProvRiesed ShoRBIEHEaPackages
ofenrductionpath frarmdbe actiye mlevicesan die- 2 e conduetion tracks one —
mg B %Zr%n 8{1%%@39 reg ce es'igencgfl ]péoe%g%ﬁeovnigiésgance Iow%r cgnpacitance,
and achigve overall better Gircli performance. ﬁl&%.%-”i& fUstrate a
Bmethied of ferming semridorductordetiee 99 havihgdecomnpiorsoltagesd
B4 ed over a styess bulier layafWale6 10 Includes siieon (5D,
allium arsenide (GaAs) or other substrate material. Circuit elements are
egcﬁﬁ%‘ao@\}é? WEFEt499. The dreuitadlements Ay B atfve be paSSive and
cheide-resisters: capacitors, tiaasigtonst: anehirduetors: dheseirCuitrhe
elenﬁnts are made up of é)altterne c}gniuctti:ve, gesiftive, Olarld dielectric
r%?/%rs and aré Yormed %]élng wafer-lave %ibn((:)atloanlproacrésseg D
edescridedcabbovendnwinecembediment] wiafer 100 incledesant€ pgower
~Hevice wafer and includes one or more power circuit elements formed
over wafer 100. Contact pads or final metal pads 102 are formed over
wafer 100 usii§ a ptiysical vapbr tepositioh PV DceRémicdl vapor 1©
deposition (CVD), electrolytic plating, or electroless plating process.
Contact pads 102 are made with a copductive material such as Al, Cu, tin
(Sn), Ni, Au, or Ag, and are electrically connected to the circuit elements
formed over wafer 100. Passivation 104 is formed over wafer 100 and
contact pads 102. Passivation 104 is patterned or etched to expose
contact pads 102 and Includes an insulation material such as polyimide,
benzocyclobutene (BCE), polybenzoxazoles (PEO), epoxy based

incrilatina nolvvmer or other inciilatina nolvvmer matariale



Passivation 104 provides physical support and electrical insulation. Stress
buffer layer 106 is formed over passivation 104 and wafer 100. In one
embodiment, stress buffer layer 106 is coated and patterned over a
surface of wafer 100. Stress buffer layer 106 Includes polyimide, BCE,
PEO, epoxy based polymer materials or other insulating buffer materials.
Stress buffer Iae/er 106 is patterned to expose contact pads 102.
PYFHIRG t6 EIEBb 1 éom volfage'ptis 492 i§ PRoGIRE BVer Stress 24
nhufferdlayen 186+ T smeutccommeni valiagedus 134 cadhesion layers10&
aistdeiposcjttegaovg the lstrfzgs baltjffg(l)a eorrloﬁ}gi% ¢ nfglrr]pal C(t)ating and
ncludes ﬁtanium?illﬁi, trftanﬂjmrfung en (TIWj, tantalum ﬁua]), tantalum
inipriden€raNy chsomiumyEryiA L oranothes electricallyicernductiveduct ive

1ag¢hesion mategal, Adhesion layer 108qs electrically, eannected 10 coptact
pads 102 through the etched portions of stress buffer layer 106. Barrier

disyerf $1018 patteriedand Heposited bveF adhasiohddyerte8iiad to the
ccenformakcoating. Barder tayer di inclugesdickel vapadiemdNivhiit may
,chrlome copper QTCrCuI), TaN, titanium nitridde, TiN(%, Ni, or other conductive

L BEHE mateTiafs SEEdIaEr 112 7¢ phftered and depdsitsd oter barrier

clayer 116118 a moﬁnahf@oatmg:l Scsmjel_ayeliid:z incladesié,talummurad
Wwd19Y; LYY, Q1 Qther conductive,matey ha.'f- conCRMMEDOlBgEUS . 4

114 is deposited and patterned over seed layer 112. Common voltage bus
with nday BB Yeposited Bmespattern et SHithe Sele e prating dr) an efitRBack

(erocess andigghudesAlk alumiguim alley, Cu.rAY, oether ceaductivg , and
materials. Common voltage bus 114 includes a single conductive element

. g
2&id s rountéd it 81eetidst CoRtmbRichtion Wit Edrtatt RGS 102 Hd gy
weireliheleirerts formed over waders1(0 thatareé conaected to ¢ontactpads

1%2. External.voltage savGes ma be conpected to common volt?@&};}us
Y110 sﬁggﬁ/lpolwer or gro‘;u'ndc or elfaampl\(fa, %-% vo%%pgrsd véﬁéS to contact
epads 102 dnd-thelcifcuittele Aterts. SSintikakys Bighbd Sé0c e’ nas be-

peennected fo.cemmenr vieltage busskld to,supply &-signal toza plurglityofeq

the circuit elements of wafer 100. Accordingly, common voltage bus 114
EBravides a t6iativBlyafge-aled codudtvie strittare that Bll6wRI6r 8HE or
pooye exiernakenergy-suppliesio be-eonnected @ semicenduciardevice

99 and placed in electrical communication with a plurality of contact pad
e o 00 TR od L2 R Lo P B
agorhnfon-voliage baskadican be usedad conhine the busputs ofa

cRlzlity. of copiact pads. Fudhermare, NeCaUSELOMNON, 1ower portion

28 of the body and bond wires 32 are formed between leads
30 and contact pads 26 of die 24. Encapsulant 34 is
deposited over the package for environmental protection by
preventing moisture and particles from entering the package
and contaminating die 24, contact pads 26, or bond wires
32. DIP 16 is connected to PCB 12 by inserting leads 30
into holes formed through PCB 12. Solder material 36 is
flowed around leads 30 and into the holes to physically and
electrically connect DIP 16 to PCB 12. Solder material 36
can be any metal or electrically conductive material, e.g.,

Sn, lead (Pb), Au, Ag, Cu, zinc (Zn), bismuthinite (Bi),
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voltage bus 114, adhesion layer 108, barrier layer 110, and seed layer
112 are mounted over stress buffer layer 106, semiconductor device 99 is
protected from residue stress generated within device 99. As
semiconductor device 99 operates, circuit elements with device 99
generate heat and change shape. Circuit elements and other components
made from different materials expand and contract at different rates
apgusing physicar sfredses withirfdeiee 997 it conventisHat Seticonduttor
cdleviges, these stresses cantcatiseicaraponentsitedait. il the presemti gh
lgmgod(i)metﬂté hgwferveeer, stress buffer layer 106 provides a relatively flexible
In eﬁnecﬁary Structure to absorb and dampen stresses that are generated
as semicondietfordevice 99 dpefatesandigeneratés heat] causingdwafer
n109 apdcammon yoltagesbus 114 40 expand andler Gontiact,, ;o fesive

alternative embodiments, different combinations of conductive layers are

mééﬁééi?e]d 6@tweé%P€6r?1ﬁ%brP9@i§ade2 bas 6113%@0%0?58@&0???@ of
pexample;s hardeclayer 410 is optianal-and maynrotde mcluded-indevice
f99. In a further emb%diment, s§ed layer 1f12 %%d fgmm%n vglta% bus41414
cilide e SAmE Sidcthicatly condiidtveThatetial stich as Bl oF Aics
aTarning te &|Ge Becpassivation-11 6 isicoate dehdipattémheainoyeracorarmion
pgtgﬂgagﬁb5§ 1§_,€,§1r5q2\/.vafer 10_0. Passivation _116 provide_s physical support
and electrical isolation to semiconductor device 99 and. includes
polyimide, BEES PBO, épdxFbaséd polyrmétmatélfdls bt ottertélecttically
winstlative imaterishs: Rassivation 116 ispatterned toexposepartons fui«
common voltage bus 114. Turning to FIG. 3d, bumps 118 are

(E5iectad 8RB itAGH VoI TR 14 S8-HRIGHRHiRGs Of Passivafisi o

cbbbaBumpsdl 8iarei formednhya reflew process applied img eanductive

ufalder malerigl depasiied.ovst comMonoliage s, L4, Bumps 118
Include Au, or C strdctures or another conductive material such as

Stifiesd (S1/PDY, coppetfzine (CUZRY ortoppel/siver (CuAy) soldériaach

asQntaining an;eptional flux matedal. JThe-seidec materialds deposited using
a ball drop, stencil printigg, and/or plating process. In alternative

PaMibodimeRts Bufps LIS Ny BE répraced with #irehdhas of ttheryers
fihterco nnechsinuctares-tar Connectiag €xternaheompenentsdtorcaramon

.voltage bus 114..In alternative embodiments, wirebonds, are connect
e patabi Rt ke b st Al S
dig4 may hchudeahoptional wirebohtabkeviayercfordredoovere sodaece of

reemman yoltage; bug 144 tofacilitate the formatign.otwireband o5, ang
Interconnects.
other circuit elements formed within the active area of die
46. Contact pads 48 are connected to the electrical
devices and circuitry formed within the active area of die
46. Bond wires 54 and bond pads 56 and 58 electrically
connect contact pads 48 of die 46 to contact pads 52 of BCC
20. Mold compound or encapsulant 60 is deposited over die
46, bond wires 54 and contact pads 52 to provide physical
support and electrical insulation for the device. Contact
pads 64 are formed on PCB 12 and electrically connect to

one or more conductive signal traces 14. Solder material

is deposited between contact pads 52 of BCC 20 and contact

12



FIG. 4 lllustrates a cross-sectional view of semiconductor device 99 taken

along plane 4 of FIG. 3c. Passivation 116 is deposited over wafer 100.

Passivation 116 Includes polyimide, BCE, PBO, epoxy based polymer

materials or other electrically insulative materials and is etched to form

windows 120 which expose portions of common voltage bus 114.

Common voltage bus 114 lays in a plane beneath passivation 116 and is
PeRSWA DRt G “Pwith dashed IifesI BUmMpS 6F dtherdfiterednnd&ior-© form
pdeyices may bermmeuntedoves windows 1120hand etestricallyicarsiacted ton
Lgemmon 8Iéa%%bgs&1§ 1glommon voltage_bus_ 114 ta_kes_any _

appropriate shape drépenglng upon the application or circuit design

considerations. EdiGexatrplef tommon wokage dusctilid-mayure spirglevice
2shaped, U shaped,.N.shaped, ot zig;zag shaped.; . Using theseounteq

methods, a semiconductor device is manufactured having Improved yield
Fare réapility O TRE Yevice hetudesh stiess beffer faye? torined bendeen ©9

othedlagge areacommon voltage bus and the adtivewdrcuitforned pversthee
O1semiconductor wafer. The common vol age bfsﬁprovidels a single q
EndTtive ST that 1€d6hrectad to A pluraiity of contiet pads of
wsemmiconsiercioratelice. & sihie @Xternakeérergy istpply maythe connectedd
a100ELAMMOn Yaltage, Bus {9 apply.a ¥qligge o aplurglity of contact
pads, for example. The stress buffer layer minimizes the stress generated
c&S g Senfiddhduictsiidévite DpePates EhdPVEricUs Eifcifitstelenients oF s/
dothes components of the-semicanductordevice expand and-gonrtract: Feh:
example, stresses generated by the large area common voltage bus and
CthHg\vatet ar8hinimized By i Stdss Baftér 14yer Accordingly, e Stress
cheiterlayen Inmprovesdevide yield and rebabibitytof the diial preducthrough
FIGs. 5a-5h lllustrate semiconductor device 199 having a common voltage
e er b SRt TEBV. Wefor Sopach Leg:, Cars o
1pthiy seibstraecnrditeridlv i ené @mbduiment Wwater 200 Iheludes an e lder

pRewer devicewafes and Inglidesone er-more powen clrcuit elernents) |
formed over wafer 200. Contact pads or final metal pads 202 are formed
"G Wafet 200°RSGH PYDH EVIECeRtiBIyiit platify, St-8tBciadss O
cplatiag preeess Loentact/pads 202 iare made withua conduetive-matenial
a%léch as Al, Ca:u7 n, Nf, %u or % and are elgé:tricrally onncect%%@the

circlLYiteeIaé?neents orme OVSIQ\]I_Va ,éfr f&&pﬁasswaatloen 5 ECI:S Folrme Véarnd

ngyafer 20 and contatt pacls 202. Rassirdtions234 isrpattéraedorretched to

sexRosescontackpads 20g.and Wncludes an insylation material sych as
_polyimide, BCE, PEO, eggxy based msulatlngofo ymer, or other insulating

1 BOF AT MEETiats. StPesshaffér 1RYEF 266 S forh e V&G ESSIVAIPS0 4 *
nmand wadern200.1keona embindiment stressdiufferdayer 206 is=caated aneh p

atternig over a Igurface of wafer d200. Str%sos Qufef%r Ia%/er. 20? Incluges .

Spolyimide, BCE, PES: €poxy based polymer materials oo Cooro R

path from the active devices on die 72 to conduction tracks
on PCB 12 in order to reduce signal propagation distance,
lower capacitance, and achieve overall better circuit
performance.

FIGs. 3a-3d illustrate a method of forming
semiconductor device 99 having a common voltage bus formed
over a stress buffer layer. Wafer 100 includes silicon

(Si), gallium arsenide (GaAs) or other substrate material.
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or other insulating buffer materials. Stress buffer layer 206 is patterned to
expose contact pads 202. Adhesion layer 208 is deposited over wafer
200 in a conformal coating and includes Ti, TIW, Ta, TaN, Cr, Al, or
another electrically conductive adhesion material. Adhesion layer 208 is
electrically connected to contact pads 202. Barrier layer 210 is patterned
and deposited over adhesion layer 208 in a conformal coating. Barrier
Chyer2105AEUERS NIVE ErEATTAN, TIRE NYdredther Gondddtive Barriet ©
cmatenals. feediayercilid/is patteraed ans depositediover harbeslayes,
2101in a confortmal coating. Seed Igyer 12 Itncludes l, aluminumtalloy,
e A" BF dther COhuLictive Matehials, Commonvoltage blis 214 1S formed
covercseed kayer 242e Commbnpaitagerts 2bhtaytbe deposited ande,
aRattamed.with selective plating;or, an efch-hagk progess; i altenasive

embodiments, different combinations of conductive layers may be
L gepasitddbevigetreamRtortvoltsgebus 24 43411 BontatP pads 202. For
ceXxAPles hayrieklayer 280 is pptionalantmay pehke Intuded ifiafer and
,seTiconductor device 199. In a further embodilment, see% Ig)r/ner 212 and
L BEmiSSI VSIS bul 212 Reflide the'same efecticAilycorduittive 7T
winateridl0 Passivation 21 6ds toated and Ppatteened oversommon veltagemed
oRus 214.and wafer, 200, Passivation 216 provides; physicalsyppart,and
electrical isolation to semiconductor device 199 and Includes polyimide,
cBEE PBOYep6%y Based pohifer méterials b? otherleleerically istiativ
ematernialscRasgivation ¢16:is patierned gretcheddoexpose portions @f
common voltage bus 214. . Barrier layer 218 is formed over the .
"akPosed pOfIORE of tofmhoh VbltagB Bue14 bising’a PVD, ¢y, » N1/
Aelectrolyaig plating ,celectedless platig] wr othercdeposition precessr Bairier
layer 218 inclu Ni, palladium (Pd)platigum. (P1), or ot ondugtiv
T ool v D e SH4 oy £ Hed
olfrfudestan, AgOCursh arstherconddctiveOmaterisAs shpwminIfG. 53,

pheth-haysier layer2h&and wetting layer 220-are depositedwithin thec1udes

opening formed in passivation 216. However, in an alternative
SBmMboTimEht U SHOVAT It FIG IS, Bairir fag/ef A% aftf etting tayer ©26°
(arBglepesitedstonavertapothesopering foupecd in passivation 216+ ing

B;m sr222O are ggggsig%ds%Yeartalrr]ld eleocfrircnaell %oncneerc{%q go wetting layer
P34, umps 222 are formed over tﬂepope%lngs ofapasswatldn 216 and
Pineilidend tondubtiveonraterials Beimypsi 222 asefmerad by reflovr protess
1 3eplied to.soldes matedal danosited.quer common veltage pus,214.

Bumps 222 include Au, or Cu structures or another conductive material

P&GEH 48 'SHIPb L ELZA r CRIAY sdlder ealh contaiRgesH Bplibnalsine s s
pinatentall Ihe:solde materisd is-depositethusingracbalb deap,steneiface of

prrjgtin d/orselatin rg(%%ss. Together la%lr]rier Iz%e({ 218 ar%d we.tténg

Wfséye]rfzgﬁ’ orm'a UBM structure tc% cﬁﬁta%e e188p03|ﬁ8n%? %nmpls 522

Band enbancertka physicatiand Blectricaladornnetction betwekabumps P2Ring
bﬁ%@g@”%g@gﬁp&@gekﬂ@%%g%s buffer layer 106 is patterned to

expose contact pads 102.

Turning to FIG. 3b, common voltage bus 114 is mounted
over stress buffer layer 106. To mount common voltage bus
114, adhesion layer 108 is deposited over the stress buffer
layer 106 in a conformal coating and includes titanium

(Ti), titanium tungsten (TiW), tantalum (Ta), tantalum
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FIG. 6 illustrates semiconductor device 229 having a common voltage bus
formed over a stress buffer layer, interconnect bumps are formed over a
barrier and seed layer of semiconductor device 229. Wafer 230 includes
Si, GaAs or other substrate material. In one embodiment, wafer 230
includes an IC power device wafer and includes one or more power circuit
elements formed over wafer 230. Contact pads or final metal pads 232 are
DformeFoveriNafer 230UsiNg a YD, CVD, SleciBRtit Plating: Orr1cally
celegtrotesseplating precessa Contaat padsi232 ase made-with @carductive
material such as Al, Cu, Sn, Ni, Au, or Ag, and are_ electrically connected
O e e e T ibc SvEP Raftr 2 30 ek o PSP s frned
eovérrwafer230carnd contact padsi232f Rasspation 1284 is patterned orayer
16tched tg exposecontact Rads 232 and Jnclides andnsylatiop paterial s , 4

such as polyimide, BCE, PBO, epoxy based insulating polymer, or other
it pSlgiet Materiafs Stessisuifer 1ayér 236 isformet it

vhassivation #34 pndwater 30 bpene embodimentystress buffenlayerride

%3% is coated and %tterned over a surface of wafer 2t30.,St{ess bufferd
(hyet 238 kciGles %ofyﬁm?d)éfdé]ﬁﬁ,lﬁ% “&goxy baSed pdlymer mafetials
larethet nsulatimg buHfenaaterialsdStress beffer tayeri286risepatierned td10
1 §ROSERUARLPAAS 252, AdDeSONauer 23 I denosiied Quer water

30 in a conformal coating'and includes Ti, TiW, Ta, TaN, Cr, Al, or
aanstherelectrically conduttive ddHesici niztefalc Adnesibhtayer23s is

electricainsanpectesto eantagtipadss232 Barriesdayer24dispatiprped
and deposited over adhesion layer 238 in a conformal coating. Barrier

OM5yer 226 dIB¥ES Niv2 CretOTARE TIN, NFBF dtHEr ddridd&ke5arrier
dmaterialsdSeed |layer2dhisjpatierned ansodepesiietbaverdarrierlayet ch-

v349 .2 conformal coafing, Seedylaver 247 inglydes Al plupipury alloy,
u, Au, or other condluctlve materials. Common voaltage Bus 244 is formed
opvErseEt fhyer 242, Cohsmon Wditage Bus244 pidpbe depdsited and

i patterned with sglective plating ofan etehiback pracess. b @lfetnative
embodiments, different combinations of conductive layers may be

CdEFGSitet betnBE edmtorPYoltage bGS 24a4nd eritatt pads 232" For
cexampte, bbsrenlayer 24048l optienaharite mayonotthe inchtdedibnnect ed

semiconductor devi 29. further embodiment, seed layer 242 and
T e e S e e
caaterdale Passivation46vis lteatedard patternedsover conmoavoitage

oPUs 244 and wafer,230. Passivation:246 provides physical-sippart and 55

electrical isolation to semiconductor device 229 and Includes polyimide,
1BEEPBOREPGY Based phRTREL Materidid ot Dter elettitally Trstiatire
minaterals oRassivation 2464supatteinad aretches tolexposepaitions of
SE%%E.OQXOEa%Sng fﬁy of the circuit elements of wafer 100.
Accordingly, common voltage bus 114 provides a relatively
large—area conductive structure that allows for one or more
external energy supplies to be connected to semiconductor
device 99 and placed in electrical communication with a
plurality of contact pads formed over wafer 100.
Alternatively, in a logic circuit, for example, common

voltage bus 114 can be used to combine the outputs of a

plurality of contact pads. Furthermore, because common
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Seed layer 248 is formed over the exposed portions of common voltage
bus 244 using a PVD, CVD, electrolytic plating, electroless plating, or
other deposition process. Seed layer 248 includes Al, Al Alloy, Cu, Au, or
other conductive material. Barrier layer 250 is deposited over seed layer
248 and Includes Ni, Pd, Pt, or other conductive material. As shown in
FIG. 6, both seed layer 248 and barrier layer 250 are deposited within the
VEpERiRG fBHTed 1Y padsivafion 246> How 7 inPR Bftefnatieer 110, and
seaodinent, seeddayem4d and harder lyee 250rare deposidedto106,
overlap the opening formed in passivation 246. Bumps 252 are
B oo L E Ay oS T S B Ty 0 B0 cE83°
gkayer 248dBunipgsi2b2iave depbSsited over the openings of passivation 246
and Include a;conductive majerial. Burgps 252 areformed by;a plafinge .«

process applied to conductive material deposited over seed layer 248.

VRIS, PHlUstates sefficomiuttdrrdévied 2591ty altrimon\dldgetbus

fosmedeveraistess buffenlayesnnterganaectpillarsiarefosmed.euerthe s
common voltage bus. Wafer 260 Includes Si, GaAs or other s%bstr.ate

® T8 al2 I one ehibSdintent Wafet 260 Inciudes & I potver tevice™ "
swatersarid inctudes d&gb«:m@r@.povﬁw circuitelemeTis feremed owdnwafer
4289 Lentact pads ar final metal pads, 262 arg formed pver wafer;260 1,

using a PVD, CVD, electrolytic plating, or electroless plating process.
tEBnkit pREs ZeTPark mrie witlh BectHouctive paatebial §6&h 43archosn,
oNb-AlS Ag.and are,elegtrically connectad-tathe;circuitelements formed

over wafer 260. Passivation 264 is formed over wafer 260 and contact
2B58% 563" Paldailificn 26498 Patterhad of BicHEd forédsose™Contact pads
s262 anddncludesdvinsslaiionopateriat sueh @dsgeolyimide sBIHEs tPEO,

xy based insulatj lymer, or other.insulating polymer materials.

T e o R e S s 1
apAd embssdifrient tstress buffer layer 266 is coated and patterned over a

surface ofwater260; Riressdufterdayer 266 includes pelyimide, BCEs of

PEO, epoxy based polymer materials or other insulating buffer materials.
C8HRES btiffer 467 2667 patferisd t& exposd eohtact’Paas Je2t tage bus
1Adhesiondayer=268 isadepasited overrwatex260-4n aveernfosmal egating 10
.and includes Ti, TIW, Ta, TaN, Cr, Al, or angther electrically,conductive
BT Al Ao I B8 et talty it ected to onfact
fpads 262<Baaiamayén 276 slpateiedldid depositednovervadhigsionbus
1hayer 268 ina gonfounalceating. Barter layer 220 dngludes NIV, CrEUs yen

TaN, TIN, Ni, or other conductive barrier materials. Seed layer 272 is
afafterned drd deposited over barrier layer 270 in a conformal coating.

Seed fayet 272 heludes. AR ajurpins alley,dcu,1Ad, asothes condueative

meterials, Common yoltade bus, 274 is formed puer seed Jayer 572
PEommon vo?tage bus 27 may be <éeposi?e and pa terned wit]h selective
Pplating ar iametthsbacioprotess pinvalteraative epthodiments; différent a 1
s cembinations of conductive laysrs may: be deposiiad hetwegn common

voltage bus 274 and contact pads 262. For example, barrier layer 270 is
PEpticrsl Hhd May ndtiie IneRied ResETRicBRYUBRT devicer259SIncg other

efusther embadiment;;seed layen272rand eammens vokage bys 274 Inglude

the same :
patterned to expose portions of common voltage bus 114.

Turning to FIG. 3d, bumps 118 are connected to common
voltage bus 114 over the openings of passivation 116.

Bumps 118 are formed by a reflow process applied to a
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electrically conductive material. Passivation 276 is coated and patterned
over common voltage bus 274 and wafer 260. Passivation 276 provides
physical support and electrical isolation to semiconductor device 259 and
Includes polyimide, BCE, PBO, epoxy based polymer materials or other
electrically insulative materials. Passivation 276 is patterned or etched to
expose portions of common voltage bus 274. Adhesion layer 278 is
caepasited’ Svercstimarrvaitage b (§ P73 ovet they ©peRitiyean passivation
pd 6 and .IncligessTii TAVi a1 tabl, G, Aboranathef.elegtricallyr another
conductive adhesion material. Adhesion layer 278 is electrically connected
VT b 294 B e 360 1 RAUEod ST HepOSd
(6vemadhesior tayer2/78lihva corfordal coating.Bamien layert280inctudes
oIV GEGU T, TN N of othesconduictive harrier materjals ;Seed Jayer

82 is patterned and deposited over barrier layer 280 in a conformal
ugdathgt SeeldlayePp823heinaés AraimiRGm amsy, €u, it ortsther
peoRdugtive matelialsrnat nferconpest pillats784are deposited pveeand

electricaély c,on}rgected tk? seed Ia}yer 2§2. Pillars 284 Inclugle a conductive
* Rt A Suthds BUESrS8IdEr 8id AFE formidt 5Y& A Serings oF U &5
fpassivaticre 276 wising: aplating-prosessnhrsone entbbodiment, Iwhereitrus
1Rillars 284 Include a Gy material, an.additional layer af solder is deposited

over pillars 284 to further enhance the electrical connection with external
dystemldorhponets Breausé plfdis 284vintiiigcrdatively thick Common

veandugdive siructuress pillaks: 284dagiitate the remoyak-efiheatenetgy ayer
from common voltage bus 274, further minimizing residue stresses within

L &Mfcordlictordeiicd 3586, PlcS BE8F IRIARTE mthot'or ©°

fmahufacturng hsemiconsluctor devicel 289 hiavingha svirebardalile
metallization,for forming electrical Intercopneets, Wafer 309 Ingludes S,
GaAs or other substrate material. Circuit elements are formeg over wafer

5300 CPRE eirEaIt efTients Ay hekactivelomnpassiveand InélubléGesistors,

PeARAGHOIS Jransistors, ang inductersoThe circrit.elements aresmadeup of
atterned conductive, resistive, and dielectric layers and are formed using
1&/@\@7{18%891%5“88&8&fﬁ?éj&fss%g%{s JESLriBELaBovE 5 Dris émiBadiment,
meaferi30G Includeshatn 16 poweridevice water.ard includes enearamarel is
eg%‘ﬁgé"%%“‘%Sl?me“tso[%”s?e? %{er}\{v.af d ?e’oo-oggma&???g%s?ogfar&mmon
ormed over wafer 300 using a v, tvb, electrolyfic plating, or
veleetrotessyslating processnQoritadttigets 302 até adeywithra eomductive
paterial suchas,AL G, Sn.6NL A, 05 Ag, and are elegtrically, copnggted. 4

to the circuit elements formed over wafer 300. Passivation 304 is formed
1 d%érwafdt 00 and cBhtet pabls B0 PaRshvation 84 s patitied Or
nmetcheddoexpose comact parts 302 asddneludes anyvinsulatioptvaterial

Sych as silipon nitride.(SIN). polyimide, BEE, FEO. epoxy based insulating
polymer, of other instila INg polymer materia s Passivation 30 provides
apbysicalisupposhape efeatdcal insulation. Adkesipnlayert306:iscdepdsited: t

Jeverpassivarion 304 ysing a RVR, CYDyelectrolyfic plating; or elegtraless 4
plating process. Adhesion layer 306 Includes TIW, Ti, Cr, Ta, TaN, or

mgtheP ToRBtiEfive ABRBSBN IHyshmatstialy ahtias $orméed irf-érchical
seepiagt with contact pads 302. Seed layer 308 is deposited over adhesion
layer %06 using a PVD, Ct:VD electrolgtic %Iatié\ , Or eleé:troless plating
proces§.l§ge aeyséer 308 Fﬁ%iiusdesacﬁ, Al AU of othér Esnductive®
mmatéralsured having improved yield and reliability. The
device includes a stress buffer layer formed between the

large area common voltage bus and the active circuit formed
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Turning to FIG. 8b, a layer of photoresist 310 is deposited and patterned
over seed layer 308 and wafer 300. As shown in FIG. 8c, metal layer 312
is selectively plated over seed layer 308 around photoresist 310. In one
embodiment, metal layer 312 is deposited during the lower-cost wafer
bumping process. Metal layer 312 Includes a conductive material such as
Cu, or Au and has a typical thickness greater than 3 micrometers (lam)
OBefvde8 Eamiad 20 EEAT I DhEembodin it B thicknessof thétal
player 332 is approximately hddm-.dnanathenembegiment, metahdayerd to
asli Ir}galtlyﬂg%s aol?.r e area common \é(%ltaage Q%Sl g‘:%méed over g esurfaé:e ofA
er 211 some embodiments, the thickiess oflmléféﬁayer 157
sapproxiraatety 1801¢nmergy Furpingy tank G 8d,qehoteresist 310 ishe
cStripped-and remoyed, Afterphotoresist 310 isremoved, metal layer 312
is used as a mask to remove porfions of seed layer 308 and adhesion

YR 30618 36rm ERANRERTBIA Aftdr e ToTA6Rs B SEEd 1ay=08 and

nadhesion dayer306 arasremeved, channels 314 expase shpeItion0fdevice
sivation 304, as shown in FIG, 9. Turning to FIG. Be

as , ,

O%%%Bﬁaaﬁféo\ayé‘rr 318'%s patsihedand 8@68§ifged°5v8rtv}bgfer%?)ofﬁnaeﬁlts

od@pproximately conformat layer 1 \Wirebordad e layer 3i6rdactudestme or

<are favers.of condyctive matedal for ataching, wirebonds. In,one.,
embodiment, wirebondable layer 316 Includes multiple layers of

vesiduiveuRatstihl sheh wate Eorbindtichl SERPANE AU fratétals s s

phkematively. wirehondable layey 316Hacludes assipglerlayer gf eenductive

material such as a single layer of Ag or Au, In one embodiment

L{ieBYRdabieassr 316 1'dapSsitsd bErdte tefoval b ShdthedisP326'16 T -
Improve Gurface-fiiishing andravaid plating-chiemistry that breaksodown

rlessurface.of passivation 304, Turming 9, R, 81, wiehonde 318 ace
ﬁwmé%an& g S 86

S
connected to webondaﬁ‘e ayer 316. Wirebonds 318 Inclu
(UBM). Wafer 200 includes Si, GaAs or other substrate
material. In one embodiment, wafer 200 includes an IC

power device wafer and includes one or more power circuit
elements formed over wafer 200. Contact pads or final
metal pads 202 are formed over wafer 200 using a PVD, CVD,
electrolytic plating, or electroless plating process.
Contact pads 202 are made with a conductive material such
as Al, Cu, Sn, Ni, Au, or Ag, and are electrically
connected to the circuit elements formed over wafer 200.
Passivation 204 is formed over wafer 200 and contact pads
202. Passivation 204 is patterned or etched to expose
contact pads 202 and includes an insulation material such
as polyimide, BCB, PBO, epoxy based insulating polymer, or
other insulating polymer materials. Stress buffer layer
206 is formed over passivation 204 and wafer 200. In one
embodiment, stress buffer layer 206 is coated and patterned
over a surface of wafer 200. Stress buffer layer 206

includes polyimide, BCB, PBO, epoxy based polymer materials
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a conductive material such as Cu, Al, Au, or Ag and form a physical and
electrical connection between wirebondable layer 316 and other system
components. By connecting wirebonds 318 to wirebondable layer 316
rather than specific wirebond pads, the tolerance for wirebond 318
placement is Increased. FIG. 9 lllustrates a top view of semiconductor
device 299. Semiconductor device 299 Includes passivation layer 304
forfitrdveriiafet 3009 PassivatioR ¥ayer304 melirde<sSan instildion Tayer
20@terialsuchaas SHN polyimide s BEM RBE', epoxy based insulating

ponmAer or other ir]asulatl Qol%/gne({ matej(k(;lelsd Passwatlop 30§ iQéov.ldes

.Adhesio e epos QVEr, Wwater .1n a
physica suppo?t and efecfrical insutation. webonﬁablealayer is
cformedreveravafer 300anelectricalbeontdct with €ontact pads$, 302 forivled or

QN2 sudace of wafen 300..Ghannels 314,ateformed.ipyirehondable

layer 316 to electrically Isolate different regions of wirebondable layer 316.

AgpRtact PatiR Y32 AP sHEWR Wit dasiied inéSBRFIGSD AStHePareCt
ptaimegobeneathwirehondaple layer 316. Wirekonds318 @aredprmed eq
between external system components an wireliondable I%yer 316. .
“Using thepresant %’é?ﬁo&so éﬁ semidodUcr BaviceTs tabiicated Havirg
lgprovetperforimaiee and a cheaper franhufadctiringiprocess.thirer device
-dges,pot Include conventianal peripheral contact pads which reguire o g

expensive and time-consuming manufacturing processes and which result

apfanlBRAEEESShrily firge Package ahibdiedbOtprint AnSREHE TRE Hevice
chetudes. a redistributed thick metallizeddayenhavingaiwirebendakle cu,
surface. No final passivation or rerouted peripheral input/output pads are

Bormigd. By Conredting irdbortfsGirééty to the ek mé izt ayers, 2 *
ismadlempackage-faotprintlis weeatedawith geeaten intericonmection flexuility.,y

lower RC del ndale -exIpensive manufact ring pracess. In one
e s e e e o Dt
epeWwebdeticerapitieations and rhay vap/ fromrealppsicakhickneds of Saant

cHRte approximately 10041631 ve layers may be deposited between
common voltage bus 214 and contact pads 202. For example,
barrier layer 210 is optional and may not be included in
semiconductor device 199. 1In a further embodiment, seed
layer 212 and common voltage bus 214 include the same
electrically conductive material. Passivation 216 is
coated and patterned over common voltage bus 214 and wafer
200. Passivation 216 provides physical support and
electrical isolation to semiconductor device 199 and
includes polyimide, BCB, PBO, epoxy based polymer materials
or other electrically insulative materials. Passivation
216 is patterned or etched to expose portions of common
voltage bus 214.

Barrier layer 218 is formed over the exposed portions
of common voltage bus 214 using a PVD, CVD, electrolytic
plating, electroless plating, or other deposition process.

Barrier layer 218 includes Ni, palladium (Pd), platinum
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FIG. 10 lllustrates semiconductor device 399 with a wirebondable layer

formed over a top surface of a main metallization layer. Wafer 400

Includes Si, GaAs or other substrate material. In one embodiment, wafer

400 Includes an IC power device wafer and Includes one or more power

circuit elements formed over wafer 400. Contact pads 402 are formed

over wafer 400 using a PVD, CVD, electrolytic plating, or electroless
(Blating ProCéds oMLt pady 20248 made wilffa toRdudiematérialt s
dsies as Al, Cue SN AR0NAgeane are glectricallycennecied tg theu or
a(r:li(r) L}Illte elerrg)enréfs ggrn\}ed over wafer 4O%SP%%s(i)vatioinn49%és fo [aned?%\é r

wafer 400" 8nd contact pads 407 Passivation 404 is patterhed dr etched to
bexpase cdntaet pad$ 402canctkicludeslary msulatiorarmatéaalcsticheas SIN,
wRRIRIda, B R0, epoxyased Inslaling pelymen of othek Dsuiating,

polymer materials. Ac%esmn layer 406 is deposited over passivation 404
Afising PV, G VDBl ORI plafifig, S8R cirble5S Plathfty pRicesseT
1AdbesiondayeicdQe cludes TPy Th2Cr, d8s Tadkh 0 iather eenductiveap

t%dhesion layer matené:\Is and is farmed in elﬁt ical contact with contact
PEAS U031 Bdel 1AV 408 IS G55 0sited SVeradhesion layer 406 using a
PVD, B\ selegtrobytie Mamiwﬁew@gssmtmmiesaﬁ@ed Iaygr

A8 Includes Cy, Al Ay, 0n ather copgductive materals. éﬁeléa'f'é}‘%%l%%r

selectively plated over seed layer 408. Metal layer 410 Includes a
LESnqRavenaatetial BaeR BSCH Oor Al @arthRad Adypieal thiGkrSsGrédter
maa-3tam. Insgne embodiment Aherthickpess of metallayes 4d9dSapp1ied

approximately 1511m. Wirebondable layer 412 is patterned and depasited
Lverwafer 460-Gding a PYDY Vapdration or &lREHBIeS3/ei8ErolgtiE pating
Bpracess2ih ame emzodimens,rphintorasisids firstsappliedrtotdontrol the
cJsaosiion andpatisrning. gfoyirehondahls layer 412 Wirebgndablp ayer

412 Includes one or more layers of conductive maferlaﬁ for at?acahlng
ewirebends such s Niphesphorous (P)Pd/aat M1-RYAu, IIFHN/AR W2, or
nAgeln ane embediment swirghondabledayer 412 Includes,muitiple layersy,

of conductive material such as a combination of Ni and Au materials.

Rt HatReR/: WitBondabie layer 292 1REfidRa F difble BYEF of E8ndittive
wenatenal sucheas AgoorAunVirebernds dddaredermedfand cannecied e
d\évirebggd%le Ig ekﬁ%Z.sW'r%)ogrq% 4elr§1h| nrcl:l:ude a gon%ugti\éeatinag%gal such
a5 & , Af], Ru, or Ag and form a p ysmaftang e?ectriga “Connection
epetwesirwirebondablellage41¥and dihepsystéem eompopents) volrl@e
Ll Ihusirates semiconductor device 499 having a main metallization layer
that is used as a bondable surface for wirebonds. Wafer 500 Includes Si,

GaAsTorothér sdBstrateFhateritn oHE EmMboTifeNt wafér Bobdrdiides
cantCrpowardepdce wafeand ihcudes anetordBereop@wer Cireyit r,
.elements forme% over wafer %OO. C ntacte Eags 502 are formed over VY%fer

l%& ﬁ%?nrbng v y epla(fi\rflg, or efé%ﬁfffeegs 8[%1 |na proceséf.er

-EVD, Electrolytic
oContact pads 02 aredrratdeawitiz & .corithuctive Materiak sucte as Al, Caala,

NI, A, Or Agyand gre.electrically connegted,to the circyitelements formed,

~over wafer 500. Passivation 504 is formed over wafer 500 and contact
1p&d$'302. PAssivalion 504498 pateried BF efcHed R erptse CBitabfpdds ©

p9k2 angdilneludesaninsttationonaterial seehasrSN, palyimidenB&d&; pads
PEQO, epoxy based insulating polymer, or other insulating polymer .
Hatdas, AR bioRE BaneeoR iy 506 And See RIS 08 Gra 2409
Pi@positEy, overepassivation-c@4 asingoa PMD.eCVE;roless plating

process. Contact pads 232 are made with a conductive

material such as Al, Cu, Sn, Ni, Au, or Ag, and are
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electrolytic plating, or electroless plating process. Adhesion layer 506
includes TiW, Ti, Cr, Ta, TaN, or other conductive adhesion layer
materials and is formed in electrical contact with contact pads 502. Seed
layer 508 is deposited over adhesion layer 506 using a PVD, CVD,
electrolytic plating, or electroless plating process. Seed layer 508 includes
Cu, Al, Au, or other conductive materials. Metal layer 510 is selectively

ChRESd bFer sded Ryt BB8 Métal Ry ef 5164rdlubes Beedntiuctiv@HateYiar
wadelras Qu, orsAus and hasoa typical thickness greater thanc3tams én ene
embodiment, the thickness of metal layer 510 is approximately 1511m.
BB St oA S SoAREAEA o el Wyer . G bonEs
t51 2 xychede accoructive asatesial such as Cwdals Aam ok Aguard: form a

mRR¥SIGalang, elect Lca%/\???%%%rl bgpreen metallgyer, 519 and other
“system components. While one or more embodiments of the present
Linvehaon Mave beeirflustratedih Hetal, tHe Bkilld RtSHRWill Bppréciates -

sthat modifieationsiand adaptationsdethese emhodimests;mayhe madeind
Wwiggoutz%/?parti?g fronm th% gg&gﬁ% or1; the re_,;sen;[ i%vqfn ion Esé setr foy%'u in,ls
Sfollbwing ciaimS” IS WSS Claimed® 51 A méthod Bf Thaking a
ceemicbroudtaradevicegbmprsing: surface of wafer 230. Stress
buffer layer 236 includes polyimide, BCB, PBO, epoxy based
polymer materials or other insulating buffer materials.
Stress buffer layer 236 is patterned to expose contact pads
232.

Adhesion layer 238 is deposited over wafer 230 in a
conformal coating and includes Ti, TiW, Ta, TaN, Cr, Al, or
another electrically conductive adhesion material.
Adhesion layer 238 is electrically connected to contact
pads 232. Barrier layer 240 is patterned and deposited
over adhesion layer 238 in a conformal coating. Barrier
layer 240 includes NiV, CrCu, TaN, TiN, Ni, or other
conductive barrier materials. Seed layer 242 is patterned
and deposited over barrier layer 240 in a conformal
coating. Seed layer 242 includes Al, aluminum alloy, Cu,
Au, or other conductive materials. Common voltage bus 244
is formed over seed layer 242. Common voltage bus 244 may
be deposited and patterned with selective plating or an
etch-back process. In alternative embodiments, different
combinations of conductive layers may be deposited between
common voltage bus 244 and contact pads 232. For example,
barrier layer 240 is optional and may not be included in
semiconductor device 229. In a further embodiment, seed
layer 242 and common voltage bus 244 include the same

electrically conductive material. Passivation 246 is
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providing a wafer having a plurality of semiconductor die, the wafer having
contact pads formed over a surface of the wafer; forming a passivation
layer over the wafer; forming a stress buffer layer over the passivation
layer, the stress buffer layer being patterned to expose the contact pads;
depositing a metal layer over the stress buffer layer, the metal layer
providing a common voltage bus for the semiconductor device and bein
creéietiritat cBmntiiitator With theCutRactpddEdandus fotnfing anater
2interconnestisteucture over thegnetal dayery 2. Jdde methed of glaim 1,

ncluding:_, _ depasiting an adhesion layer over the watenp electrical
COﬂtaCthI the contact pads;

includes polyimide, BCB, PBO, epoxy based polymer materials
or other electrically insulative materials. Passivation
246 is patterned or etched to expose portions of common
voltage bus 244.

Seed layer 248 is formed over the exposed portions of
common voltage bus 244 using a PVD, CVD, electrolytic
plating, electroless plating, or other deposition process.
Seed layer 248 includes Al, Al Alloy, Cu, Au, or other
conductive material. Barrier layer 250 is deposited over
seed layer 248 and includes Ni, Pd, Pt, or other conductive
material. As shown in FIG. 6, both seed layer 248 and
barrier layer 250 are deposited within the opening formed
in passivation 246. However, in an alternative embodiment,
seed layer 248 and barrier layer 250 are deposited to
overlap the opening formed in passivation 246.

Bumps 252 are deposited over and electrically
connected to barrier layer 250 and seed layer 248. Bumps
252 are deposited over the openings of passivation 246 and
include a conductive material. Bumps 252 are formed by a
plating process applied to conductive material deposited
over seed layer 248.

FIG. 7 illustrates semiconductor device 259 having a
common voltage bus formed over a stress buffer layer,
interconnect pillars are formed over the common voltage
bus. Wafer 260 includes Si, GaAs or other substrate
material. In one embodiment, wafer 260 includes an IC
power device wafer and includes one or more power circuit
elements formed over wafer 260. Contact pads or final
metal pads 262 are formed over wafer 260 using a PVD, CVD,

electrolytic plating, or electroless plating process.
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depositing a barrier layer over the adhesion layer; depositing a seed layer
over the barrier layer, wherein the metal layer is mounted to the seed
layer. 3. The method of claim 1, wherein forming an interconnect
structure over the metal layer includes: forming interconnect pillars
over the metal layer, the interconnect pillars including a copper or solder
material, and depositing a solder material over a surface of the

CirtdreohnBerpillals? A P Athdid ot chairPRdHeudiify ’fthfing alsetond
apagsiyatiorn layer over thesmetal layer. 25.4The sethedof clainm 1, wherein

Sishesing e ooy cve e sl pEuder sty
Passivation 264 is formed over wafer 260 and contact pads
262. Passivation 264 is patterned or etched to expose
contact pads 262 and includes an insulation material such
as polyimide, BCB, PBO, epoxy based insulating polymer, or
other insulating polymer materials. Stress buffer layer
266 is formed over passivation 264 and wafer 260. 1In one
embodiment, stress buffer layer 266 is coated and patterned
over a surface of wafer 260. Stress buffer layer 266
includes polyimide, BCB, PBO, epoxy based polymer materials
or other insulating buffer materials. Stress buffer layer
266 is patterned to expose contact pads 262.

Adhesion layer 268 is deposited over wafer 260 in a
conformal coating and includes Ti, TiwW, Ta, TaN, Cr, Al, or
another electrically conductive adhesion material.
Adhesion layer 268 is electrically connected to contact
pads 262. Barrier layer 270 is patterned and deposited
over adhesion layer 268 in a conformal coating. Barrier
layer 270 includes NiV, CrCu, TaN, TiN, Ni, or other
conductive barrier materials. Seed layer 272 is patterned
and deposited over barrier layer 270 in a conformal
coating. Seed layer 272 includes Al, aluminum alloy, Cu,
Au, or other conductive materials. Common voltage bus 274
is formed over seed layer 272. Common voltage bus 274 may
be deposited and patterned with selective plating or an
etch-back process. In alternative embodiments, different
combinations of conductive layers may be deposited between
common voltage bus 274 and contact pads 262. For example,
barrier layer 270 is optional and may not be included in
semiconductor device 259. 1In a further embodiment, seed

layer 272 and common voltage bus 274 include the same
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6. The method of claim 1, wherein the stress buffer layer includes
polyimide, benzocyclobutene, polybenzoxazoles, or epoxy based polymer
materials. 7. The method of claim 1, wherein forming an interconnect
structure over the metal layer includes: depositing an under-bump
metallization (UBM) over the metal layer, the UBM including a barrier layer

and a wetting layer; and depositing solder bumps over the UBM. 8. A
CRRAREA BF Making ALKFHEBRABEOF Eedite, CORTHTRIR ~on 276 15

coated and patterned over common voltage bus 274 and wafer
260. Passivation 276 provides physical support and
electrical isolation to semiconductor device 259 and
includes polyimide, BCB, PBO, epoxy based polymer materials
or other electrically insulative materials. Passivation
276 is patterned or etched to expose portions of common
voltage bus 274.

Adhesion layer 278 is deposited over common voltage
bus 274 over the openings in passivation 276 and includes
Ti, Tiw, Ta, TaN, Cr, Al, or another electrically
conductive adhesion material. Adhesion layer 278 is
electrically connected to common voltage bus 274. Barrier
layer 280 is patterned and deposited over adhesion layer
278 in a conformal coating. Barrier layer 280 includes
NiVv, CrCu, TaN, TiN, Ni, or other conductive barrier
materials. Seed layer 282 is patterned and deposited over
barrier layer 280 in a conformal coating. Seed layer 282
includes Al, aluminum alloy, Cu, Au, or other conductive
materials.

Interconnect pillars 284 are deposited over and
electrically connected to seed layer 282. Pillars 284
include a conductive material such as Cu or solder and are
formed over the openings of passivation 276 using a plating
process. In one embodiment, wherein pillars 284 include a
Cu material, an additional layer of solder is deposited
over pillars 284 to further enhance the electrical
connection with external system components. Because
pillars 284 include relatively thick conductive structures,
pillars 284 facilitate the removal of heat energy from
common voltage bus 274, further minimizing residue stresses
within semiconductor device 259.

FIGs. 8a-8f illustrate a method of manufacturing
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providing a wafer having a plurality of semiconductor die, the wafer having
contact pads formed over a surface of the wafer; forming a
passivation layer over the wafer, the passivation layer being patterned to
expose the contact pads; forming an adhesion layer over the wafer;
forming a seed layer over the adhesion layer, the seed layer being in
electrical communication with the contact pads; depositing a

SpRgtorasisme materalGver the Waferd 2 HiatiRgPriétaisyer over the
méafar] thexmetal layer beingipajtesned in aceordancewiththe-ts. wafer

38 O%E%ﬁ%gggnggeﬁ%%As or other substrate material. Circuit
elements are formed over wafer 300. The circuit elements
may be active or passive and include resistors, capacitors,
transistors, and inductors. The circuit elements are made
up of patterned conductive, resistive, and dielectric
layers and are formed using wafer-level fabrication
processes as described above. In one embodiment, wafer 300
includes an IC power device wafer and includes one or more
power circuit elements formed over wafer 300. Contact pads
302 are formed over wafer 300 using a PVD, CVD,
electrolytic plating, or electroless plating process.
Contact pads 302 are made with a conductive material such
as Al, Cu, Sn, Ni, Au, or Ag, and are electrically
connected to the circuit elements formed over wafer 300.
Passivation 304 is formed over wafer 300 and contact pads
302. Passivation 304 is patterned or etched to expose
contact pads 302 and includes an insulation material such
as silicon nitride (SiN), polyimide, BCB, PBO, epoxy based
insulating polymer, or other insulating polymer materials.
Passivation 304 provides physical support and electrical
insulation. Adhesion layer 306 is deposited over
passivation 304 using a PVD, CVD, electrolytic plating, or
electroless plating process. Adhesion layer 306 includes
Tiw, Ti, Cr, Ta, TaN, or other conductive adhesion layer
materials and is formed in electrical contact with contact
pads 302. Seed layer 308 is deposited over adhesion layer
306 using a PVD, CVD, electrolytic plating, or electroless
plating process. Seed layer 308 includes Cu, Al, Au, or
other conductive materials.

Turning to FIG. 8b, a layer of photoresist 310 is

deposited and patterned over seed layer 308 and wafer 300.
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removing the photoresistive material; etching a portion of the seed
layer and the adhesion layer to expose a portion of the passivation layer;
depositing a wirebondable layer over the metal layer; and connecting
wirebonds to the wirebondable layer. 9. The method of claim 8, wherein
the wirebondable layer includes multiple layers of conductive material. 10.

The method of claim 8, wherein the wirebondable layer is deposited as a
Aéoﬁ%ﬂ%%]&@aﬁﬁf° 8c, metal layer 312 is selectively plated

over seed layer 308 around photoresist 310. In one
embodiment, metal layer 312 is deposited during the lower-
cost wafer bumping process. Metal layer 312 includes a
conductive material such as Cu, or Au and has a typical
thickness greater than 3 micrometers (um) between 8um and
20um. In one embodiment, the thickness of metal layer 312
is approximately 15um. In another embodiment, metal layer
312 includes a large area common voltage bus formed over a
surface of wafer 300. In some embodiments, the thickness
of metal layer 312 is approximately 100um.

Turning to FIG. 8d, photoresist 310 is stripped and
removed. After photoresist 310 is removed, metal layer 312
is used as a mask to remove portions of seed layer 308 and
adhesion layer 306 to form channels 314. After the
portions of seed layer 308 and adhesion layer 306 are
removed, channels 314 expose a portion of passivation 304,
as shown in FIG. 9.

Turning to FIG. 8e, wirebondable layer 316 is
patterned and deposited over wafer 300 in an approximately
conformal layer. Wirebondable layer 316 includes one or
more layers of conductive material for attaching wirebonds.
In one embodiment, wirebondable layer 316 includes multiple
layers of conductive material such as a combination of Ni
and Au materials. Alternatively, wirebondable layer 316
includes a single layer of conductive material such as a
single layer of Ag or Au. In one embodiment, wirebondable
layer 316 1is deposited before removal of photoresist 310 to
improve surface finishing and avoid plating chemistry that
breaks down the surface of passivation 304.

Turning to FIG. 8f, wirebonds 318 are formed and
connected to wirebondale layer 316. Wirebonds 318 include

a conductive material such as Cu, Al, Au, or Ag and form a
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11. The method of claim 8, including forming a stress buffer layer over the
passivation layer, the stress buffer layer being patterned to expose the
contact pads. 12. The method of claim 8, wherein the wirebondable layer
is deposited over the metal layer before the photoresistive material is
removed. 13. The method of claim 8, wherein a thickness of the metal

layer is greater than 3 micrometers. 14. A method of making a
20 WRES dehicd, CorApriSiRgD provitiihga SEfficonddcoraid: > 1e
1foying acseathlayeneversthersemicondustot e, theseeshiayerbaing in

w3 1eghical coppgunication with contact pads of the,semigonductor die;
specific wirebond pads, the tolerance for wirebond 318
placement is increased.

FIG. 9 illustrates a top view of semiconductor device
299. Semiconductor device 299 includes passivation layer
304 formed over wafer 300. Passivation layer 304 includes
an insulation material such as SiN, polyimide, BCB, PBO,
epoxy based insulating polymer, or other insulating polymer
materials. Passivation 304 provides physical support and
electrical insulation. Wirebondable layer 316 is formed
over wafer 300 in electrical contact with contact pads 302
formed over a surface of wafer 300. Channels 314 are
formed in wirebondable layer 316 to electrically isolate
different regions of wirebondable layer 316. Contact pads
302 are shown with dashed lines on FIG. 9 as they are
formed beneath wirebondable layer 316. Wirebonds 318 are
formed between external system components and wirebondable
layer 316.

Using the present methods a semiconductor device is
fabricated having improved performance and a cheaper
manufacturing process. The device does not include
conventional peripheral contact pads which require
expensive and time-consuming manufacturing processes and
which result in an unnecessarily large package and die
footprint. Instead, the device includes a redistributed
thick metallized layer having a wirebondable surface. No
final passivation or rerouted peripheral input/output pads
are formed. By connecting wirebonds directly to the thick
metallized layers, a smaller package footprint is created
with greater interconnection flexibility, lower RC delay

and a less-expensive manufacturing process. In one
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plating a metal layer over the semiconductor die, the metal layer providing
a common voltage bus for the semiconductor device; and connecting
wirebonds to the metal layer. 15. The method of claim 14, including:
forming a passivation layer over the semiconductor die, the passivation
layer being patterned to expose the contact pads; and forming an
adhesion layer over the passivation layer. 16. The method of claim 14,

SHRYiRg depBsingEphdtorésistive Hdterialanst tResERtitorductor die
ctmrfa@efﬂeta eﬂaetaé.ﬂ:as)@rf id . g cbwem ethod etclapp 14: shesah thednetal
vgygr é%%9%§?§£TQgT]%%?%{T2%g1%¥“@pm up to approximately
100um.

FIG. 10 illustrates semiconductor device 399 with a
wirebondable layer formed over a top surface of a main
metallization layer. Wafer 400 includes Si, GaAs or other
substrate material. In one embodiment, wafer 400 includes
an IC power device wafer and includes one or more power
circuit elements formed over wafer 400. Contact pads 402
are formed over wafer 400 using a PVD, CVD, electrolytic
plating, or electroless plating process. Contact pads 402
are made with a conductive material such as Al, Cu, Sn, Ni,
Au, or Ag, and are electrically connected to the circuit
elements formed over wafer 400. Passivation 404 is formed
over wafer 400 and contact pads 402. Passivation 404 is
patterned or etched to expose contact pads 402 and includes
an insulation material such as SiN, polyimide, BCB, PBO,
epoxy based insulating polymer, or other insulating polymer
materials. Adhesion layer 406 is deposited over
passivation 404 using a PVD, CVD, electrolytic plating, or
electroless plating process. Adhesion layer 406 includes
Tiw, Ti, Cr, Ta, TaN, or other conductive adhesion layer
materials and is formed in electrical contact with contact
pads 402. Seed layer 408 is deposited over adhesion layer
406 using a PVD, CVD, electrolytic plating, or electroless
plating process. Seed layer 408 includes Cu, Al, Au, or
other conductive materials. Metal layer 410 is selectively
plated over seed layer 408. Metal layer 410 includes a
conductive material such as Cu, or Au and has a typical
thickness greater than 3um. In one embodiment, the
thickness of metal layer 410 is approximately 15um.

Wirebondable layer 412 is patterned and deposited
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18. The method of claim 14, wherein the metal layer includes multiple
layers of conductive material. 19. The method of claim 14, including
depositing a wirebondable layer over the metal layer. 20. The method of
claim 19, wherein the wirebondable layer is deposited as a conformal
coating. 21. The method of claim 14, wherein a thickness of the metal

layer is greater than 3 micrometers. 22. A semiconductor device,
O¥GTptigiF a’Emicdhbdctoridigs evaporation or

electroless/electrolytic plating process. 1In one
embodiment, photoresist is first applied to control the
deposition and patterning of wirebondable layer 412.
Wirebondable layer 412 includes one or more layers of
conductive material for attaching wirebonds such as Ni-
phosphorous (P)/Pd/Au, Ni-P/Au, Ti/TiN/Al, Al/Cu, or Ag.
In one embodiment, wirebondable layer 412 includes multiple
layers of conductive material such as a combination of Ni
and Au materials. Alternatively, wirebondable layer 412
includes a single layer of conductive material such as Ag
or Au. Wirebonds 414 are formed and connected to
wirebondale layer 412. Wirebonds 414 include a conductive
material such as Cu, Al, Au, or Ag and form a physical and
electrical connection between wirebondable layer 412 and
other system components.

FIG. 11 illustrates semiconductor device 499 having a
main metallization layer that is used as a bondable surface
for wirebonds. Wafer 500 includes Si, GaAs or other
substrate material. In one embodiment, wafer 500 includes
an IC power device wafer and includes one or more power
circuit elements formed over wafer 500. Contact pads 502
are formed over wafer 500 using a PVD, CVD, electrolytic
plating, or electroless plating process. Contact pads 502
are made with a conductive material such as Al, Cu, Sn, Ni,
Au, or Ag, and are electrically connected to the circuit
elements formed over wafer 500. Passivation 504 is formed
over wafer 500 and contact pads 502. Passivation 504 is
patterned or etched to expose contact pads 502 and includes
an insulation material such as SiN, polyimide, BCB, PBO,
epoxy based insulating polymer, or other insulating polymer
materials. An optional adhesion layer 506 and seed layer

508 are deposited over passivation 504 using a PVD, CVD,
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a seed layer formed over the semiconductor die, the seed layer being in
electrical communication with a contact pad of the semiconductor die;
a metal layer plated over the semiconductor die, the metal layer providing
a common voltage bus for the semiconductor device; and wirebonds
connected to the metal layer. 23. The semiconductor device of claim 22,
including: a passivation layer formed over the semiconductor die, the
epasivatior iyl being' fatternetto Expgosethertbhtactpat AreSan
nradhesien Ia)éa_,referraed over theipassivation 1gyerr 24r I hersemiconductosr
dev ce of clalm mcludin ]phot reS|stlye mat(grlﬁlg dggosiéedd over the

semlconductor e?o patte the fhe alrla er.
electrical contact with contact pads 502. Seed layer 508

is deposited over adhesion layer 506 using a PVD, CVD,
electrolytic plating, or electroless plating process. Seed
layer 508 includes Cu, Al, Au, or other conductive
materials. Metal layer 510 is selectively plated over seed
layer 508. Metal layer 510 includes a conductive material
such as Cu, or Au and has a typical thickness greater than
3um. In one embodiment, the thickness of metal layer 510
is approximately 15um. Wirebonds 512 are formed and
connected to metal layer 510. Wirebonds 512 include a
conductive material such as Cu, Al, Au, or Ag and form a
physical and electrical connection between metal layer 510
and other system components.

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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25. The semiconductor device of claim 22, including a wirebondable layer
deposited over the metal layer.

Claims

What is claimed:

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

providing a wafer having a plurality of semiconductor
die, the wafer having contact pads formed over a surface of
the wafer;

forming a passivation layer over the wafer;

forming a stress buffer layer over the passivation
layer, the stress buffer layer being patterned to expose
the contact pads;

depositing a metal layer over the stress buffer
layer, the metal layer providing a common voltage bus for
the semiconductor device and being in electrical
communication with the contact pads; and

forming an interconnect structure over the metal

layer.

2. The method of claim 1, including:
depositing an adhesion layer over the wafer in
electrical contact with the contact pads;
depositing a barrier layer over the adhesion layer;
depositing a seed layer over the barrier layer,

wherein the metal layer is mounted to the seed layer.

3. The method of claim 1, wherein forming an

interconnect structure over the metal layer includes:
forming interconnect pillars over the metal layer,

the interconnect pillars including a copper or solder

material; and
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depositing a solder material over a surface of the

interconnect pillars.

4. The method of claim 1, including forming a second

passivation layer over the metal layer.

5. The method of claim 1, wherein depositing the metal
layer over the stress buffer layer includes patterning the
metal layer using selective plating or an etch back

process.

6. The method of claim 1, wherein the stress buffer
layer includes polyimide, benzocyclobutene,

polybenzoxazoles, or epoxy based polymer materials.

7. The method of claim 1, wherein forming an
interconnect structure over the metal layer includes:

depositing an under-bump metallization (UBM) over the
metal layer, the UBM including a barrier layer and a
wetting layer; and

depositing solder bumps over the UBM.

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

providing a wafer having a plurality of semiconductor
die, the wafer having contact pads formed over a surface of
the wafer;

forming a passivation layer over the wafer, the
passivation layer being patterned to expose the contact
pads;

forming an adhesion layer over the wafer;
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forming a seed layer over the adhesion layer, the
seed layer being in electrical communication with the
contact pads;

depositing a photoresistive material over the wafer;

plating a metal layer over the wafer, the metal layer
being patterned in accordance with the photoresistive
material;

removing the photoresistive material;

etching a portion of the seed layer and the adhesion
layer to expose a portion of the passivation layer;

depositing a wirebondable layer over the metal layer;
and

connecting wirebonds to the wirebondable layer.

9. The method of claim 8, wherein the wirebondable layer

includes multiple layers of conductive material.

10. The method of claim 8, wherein the wirebondable layer

is deposited as a conformal coating.

11. The method of claim 8, including forming a stress
buffer layer over the passivation layer, the stress buffer

layer being patterned to expose the contact pads.

12. The method of claim 8, wherein the wirebondable layer
is deposited over the metal layer before the photoresistive

material is removed.

13. The method of claim 8, wherein a thickness of the

metal layer is greater than 3 micrometers.

14. A method of making a semiconductor device,

comprising:
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providing a semiconductor diej;

forming a seed layer over the semiconductor die, the
seed layer being in electrical communication with contact
pads of the semiconductor die;

plating a metal layer over the semiconductor die, the
metal layer providing a common voltage bus for the
semiconductor device; and

connecting wirebonds to the metal layer.

15. The method of claim 14, including:

forming a passivation layer over the semiconductor
die, the passivation layer being patterned to expose the
contact pads; and

forming an adhesion layer over the passivation layer.

16. The method of claim 14, including depositing a
photoresistive material over the semiconductor die to

pattern the metal layer.

17. The method of claim 14, wherein the metal layer

includes aluminum or aluminum alloy.

18. The method of claim 14, wherein the metal layer

includes multiple layers of conductive material.

19. The method of claim 14, including depositing a

wirebondable layer over the metal layer.

20. The method of claim 19, wherein the wirebondable

layer is deposited as a conformal coating.

21. The method of claim 14, wherein a thickness of the

metal layer is greater than 3 micrometers.
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22. A semiconductor device, comprising:

a semiconductor die;

a seed layer formed over the semiconductor die, the
seed layer being in electrical communication with a contact
pad of the semiconductor die;

a metal layer plated over the semiconductor die, the
metal layer providing a common voltage bus for the
semiconductor device; and

wirebonds connected to the metal layer.

23. The semiconductor device of claim 22, including:

a passivation layer formed over the semiconductor
die, the passivation layer being patterned to expose the
contact pad; and

an adhesion layer formed over the passivation layer.
24. The semiconductor device of claim 22, including a
photoresistive material deposited over the semiconductor

die to pattern the metal layer.

25. The semiconductor device of claim 22, including a

wirebondable layer deposited over the metal layer.
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