INTEGRATED CIRCUIT SYSTEM WITH STRESS REDISTRIBUTION LAYER AND METHOD OF
MANUFACTURE THEREOF TECHNICAL FIELD The present invention relates generally to an
integrated circuit system, and more particularly to a system for utilizing a stress redistribution layer in an
integrated circuit system. BACKGROUND The rapidly growing market for portable electronics
devices, e.g. cellular phones, laptop computers, and PDAs, is an integral facet of modern life. The
multitude of ponNHEGCRATED € PRESENTSSYST BMW 131 S PESS REDISTRIBUFION DAYERr next
generation integrated circuit systems. These devices have unique attributes that have significant impacts
on manufacturing integration, ANRMIEH Q1) O 1H ddNEFA ' BuRl, THRERIE(QKt, and rich in functionality
and they must be produced in high volumes at relatively low cost. As an extension of the
semiconductor industry, the electronics industry has witnessed ever-increasing commercial competitive
pressures, along with growing consumer ex ﬁ&(ﬁ@\ﬁ éEB diminishing opportunities for meaningful
product differentiation in the marketplace. ntegrated Circuits, materials engineering, and development

are at the very COrel‘?lfe”ﬁ‘?e%%dﬁ%(r&ﬁ[%%r%iﬁ{éseE‘&F@%‘fﬁ&n%rﬁﬁ?&ﬁft@twﬁﬁto%@%g indoag:maps for

development of next generation products. Future electronic systems may be more intelligent, have higher
density, use %Y rioPersteat gHElEpaet sumd ﬁ?é&f‘ﬁ%f&@é HYRE et HBFSERdetHcdd and
assembly strygitsigs at lower cost than today. Current suppliers are struggling to accommodate the
high-speed computer devices that are projected to exceed one TeraHertz (THz) in the near future. The
current technologies, materials, equipment, and structures offer challenges to the basic assembly of these
new devices while still not adequately addresgng gestiog®end reliability concerns. The envelope of
technical capability of next level interconnect assemblies are not yet known, and no clear cost effective
technology has yet DeemasentifiedviBe yoadlethésr portable electronics devices, e.g. cellular phones,

laptop computers, and PDAs, is an integral facet of modern life. The multitude of portable
devices represents one of the largest potential market opportunities for next generation
integrated circuit systems. These devices have unique attributes that have significant impacts
on manufacturing integration, in that they must be generally small, lightweight, and rich in
functionality and they must be produced in high volumes at relatively low cost.

As an extension of the semiconductor industry, the electronics industry has witnessed
ever-increasing commercial competitive pressures, along with growing consumer
expectations and the diminishing opportunities for meaningful product differentiation in the
marketplace.

Integrated Circuits, materials engineering, and development are at the very core of
these next generation electronics insertion strategies outlined in road maps for development
of next generation products. Future electronic systems may be more intelligent, have higher
density, use less power, operate at higher speed, and may include mixed technology devices
and assembly structures at lower cost than today.

Current suppliers are struggling to accommodate the high-speed computer devices
that are projected to exceed one TeraHertz (THz) in the near future. The current
technologies, materials, equipment, and structures offer challenges to the basic assembly of
these new devices while still not adequately addressing cooling and reliability concerns.

The envelope of technical capability of next level interconnect assemblies are not yet

known, and no clear cost effective technology has yet been identified. Beyond the



performance requirements of next generation devices, the industry now demands that cost be a primary
product differentiator in an attempt to meet profit goals. As a result, the road maps are driving
electronics to precision, ultra miniature form factors, which require automation in order to achieve
acceptable yield. These challenges demand not only automation of manufacturing, but also the
automation oPdEEHOv agtiiisfoemanbncs Beacpraoidavnck diragdrdronetistommnds thatfigstdhave been

many approaghgs iR HHESUNLLBRAAYANLE I ISAMItE MERLS Ofindig/processors and portable electronics
with successive generations of semiconductors Many industry road maps have identified significant gaps

between the current*SénifeBHAGErCBABTIKF At the ACIBrE KUPISRIAL #daBIEEEHRBbgies. The
limitations antdsssiesmath regiientiechnalodieshdel usedhizieasiogheibiekyiales, Fhvkeraktiitiogesthermal
loads, second el assempy eliailty shesser.andosh, y.A%hese Rackade systems eglve to
incorporate more compone%ts With varied environmental neé S, the pressure to push the technological
envelope bedofpesaituréatinglydistbenginggavioréssigipificantly, with the ever-increasing complexity, the

potentigl'risk of errofﬂ&%r%%%géﬁaﬁﬁéﬂuréBQréH@ﬁBéf%t%%ress_inQ %ﬂ@%&faﬁ&d‘?\‘&{ﬁ%&%ﬁ%% Cqmmercial
competitive pressures, along with grome?Fgcr:Itonsumer expectations and the diminishing opportunities for

meaningful pPYGIRRTSFRSASH RaHoRHPIS FIfSHRAtiSIMCE T TECCRtRRYT theestigverd e it YoPihese
problems. Addiiignialiyistiye-scad:is e ce:eo6ts, Jigaiicand oy chon-timas upeayepiitciencies and
performance, and el qampetilye pregeures, adds an.even gfeater Uipency (a,he ifical pecessity for
finding answers 10 these problems. uPRus, gnee remains forsmaller footprints and more robust
packages an®/ithetimody ferhnedegiéa ctghedeSotutioms tdotkeseeproblernd Himne thaenldrgsoesyintbut prior
developmentg{;@\égsgll%égyfgﬁggﬁ;gg&gégqqdag&@oIutions and, thus, solutions to these problems have
long eluded those skilled in the art. DISCLOSURE OF THE INVENTION The present invention
provides a method OFniBEGfRRRAS OIS GHRE dhclifEhetdim IRVECTARPARSYIRiING! Yatistrate having
a transistor aggaomstatizatan |ayepréaming pudtelid prENGIciIettcoplast vatbtibe imetalization layer of
the substrate'golliming a Fﬁssivatio Ial){t?r in ctjkilr%g:t contact with the mqtal agland cov rins%t substrate;
forming a rou(ilrzilg‘Q’[Irlﬁlcé'abo?/réé tﬁénbé(?sw%’tigh ay(%r(ﬁ‘r’\efjllPé%?aélon act Wit 'the rﬁe?3¥ef)1a1 . and the routing
trace is substantialiyrtasgegitwdy thematahpadyuand the routing trace is not electrically insulated by a
subsequent [ayer; ad fAUBIAAQUMR RAOAECishiR 16 MEIALAAL HIRIR.AUHDGHiRGRwing Te present

invention provides an integrated circuit system, including: a substrate having a transistor and a
metallization JR)BFS mERFPALrHT ditt demtabiiiiihe aeRarizitieh 18erBtindHubsiadich passivation

layer in directhipentaahmithitheengtakppthand: Goveringl thRsubsitalescaftaulingtiace: ghemertke passivation

layer in direck(%1 r{}ggglwitfglitheem tt%I eﬂdé agdsgherr u&n%rg %(%.(i)s sﬁunl:l)st%%ti?lly I%@lg\r H‘(l:%g tah<(a1 metal pad,
and the routing fadeis’ notelEctrical y Nsulsted b;e/ asu se(lqluénlf Iaygr; akda umplecohnecﬂed to the

metal pad withethenneutengridacect corgiettaie embodimeadtds of threeingeatiomizaveyothdresteppsar elements
in addition to&%@@sﬁ%‘? Qﬁ&h&s&mggtitgqgg@ﬁ%ﬁﬂ;he steps or element will become apparent to those

skilled in the art from a reading of the following detailed description when taken with reference to the
accompanying dravﬁh@%.a need remains for smaller footprints and more robust packages and methods

for manufacture. Solutions to these problems have been long sought but prior developments
have not taught or suggested any solutions and, thus, solutions to these problems have long

eluded those skilled in the art.

DISCLOSURE OF THE INVENTION

The present invention provides a method of manufacture of an integrated circuit
system including: providing a substrate having a transistor and a metallization layer; forming
a metal pad in direct contact with the metallization layer of the substrate; forming a
passivation layer in direct contact with the metal pad and covering the substrate; forming a

routing trace above the passivation layer in direct contact with the metal pad, and the routing
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BRIEF DESCRIPTION OF THE DRAWINGS FIG. 1 is a top view of an integrated circuit system in an
embodiment of the present invention. FIG. 2 is a cross-sectional view of the integrated circuit system
along the line 2--2 of FIG. 1. FIG. 3A is an integrated circuit system of FIG. 2 in a wafer providing
phase of manufacture. FIG. 3B is a magnified region of the integrated circuit system of FIG. 3A. FIG.
3C is an intedjieseds cirdilrryaignhacfer IBas Fhafraetal dudp aubdslcetoniviplehtibanicletieisphase of

manufacture jnsuifd@b3la BihE RIRILGIed.alGdhYsIe PRl S lenmB&fter @dsrRsphelarias implant
phase of manufacture. FIG. 3E is the integrated circuit system of FIG. 3B after a high temperature

anneal phasé B afitfiGcture. FIG. 3F is the integrated circuit system of FIG. 3B after an implant
barrier growth phasehef prasufactan€on prétdes3an isntbgrdiniegiaiad gisauit, Systedhof friabIR@fter an
implant barri%%\%tr(l:gh Q ht?g’r%igt%gngrqg fgcgilégﬂlization layer; a metal pad in direct contact with the
metallization layer of the substrate; a passivation layer in direct contact with the metal pad
and covering the substrate; a routing trace above the passivation layer in direct contact with
the metal pad, and the routing trace is substantially larger than the metal pad, and the routing
trace is not electrically insulated by a subsequent layer; and a bump connected to the metal
pad with the routing trace.
Certain embodiments of the invention have other steps or elements in addition to or in
place of those mentioned above. The steps or element will become apparent to those skilled

in the art from a reading of the following detailed description when taken with reference to

the accompanying drawings.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 is a top view of an integrated circuit system in an embodiment of the present
invention.

FIG. 2 is a cross-sectional view of the integrated circuit system along the line 2--2 of
FIG. 1.

FIG. 3A is an integrated circuit system of FIG. 2 in a wafer providing phase of
manufacture.

FIG. 3B is a magnified region of the integrated circuit system of FIG. 3A.

FIG. 3C is an integrated circuit system of FIG. 3B after a deep subcollector implant
barrier etch phase of manufacture.

FIG. 3D is the integrated circuit system of FIG. 3B after a deep subcollector implant
phase of manufacture.

FIG. 3E is the integrated circuit system of FIG. 3B after a high temperature anneal
phase of manufacture.

FIG. 3F is the integrated circuit system of FIG. 3B after an implant barrier growth
phase of manufacture.

FIG. 3G is the integrated circuit system of FIG. 3B after an implant barrier etch phase

of manufacture.



FIG. 3H is the integrated circuit system of FIG. 3B after an implant phase of manufacture. FIG. 31 s
the integrated circuit system of FIG. 3B after a gate dielectric etch phase of manufacture. FIG. 3J is
the integrated circuit system of FIG. 3B after a gate deposition phase of manufacture. FIG. 3K is the
integrated circuit system of FIG. 3B after a source and drain trench forming phase of manufacture.

FIG. 3L is the integidfed Hicuitthy stepgrefcR I GIAl aftetea sdulde-apl dftin depositon Prasebf
manufacture ., FElGur8M Is the integrated circuit system of FIG. 3B after a polymer processing phase of
manufacture. FIG. 3N is the integrated circuit system of FIG. 3B after a routing layer etch phase of

manufacture.  FIBG38lits the irsiistberenitassaehi e Pl aks e Jipleasicd fPhase of

manufacture. manufaéturdP is the integrated circuit system of FIG. 3B after a reflow phase of manufacture.

FIC. 4 s a cross-segfjong yiew of an lnledraled dreult packacig systemn g uther embediment of the
present invention. 1G.'5 188 Cross-sectional View of an Ihtegrated cifcuit p%c agirg sys?em ina
further embodimaficafithe present invention.

FIG. 3K is the integrated circuit system of FIG. 3B after a source and drain trench
forming phase of manufacture.

FIG. 3L is the integrated circuit system of FIG. 3B after a source and drain deposition
phase of manufacture.

FIG. 3M is the integrated circuit system of FIG. 3B after a polymer processing phase
of manufacture.

FIG. 3N is the integrated circuit system of FIG. 3B after a routing layer etch phase of
manufacture.

FIG. 30 is the integrated circuit system of FIG. 3B after a metal deposition phase of
manufacture.

FIG. 3P is the integrated circuit system of FIG. 3B after a reflow phase of
manufacture.

FIG. 4 is a cross-sectional view of an integrated circuit packaging system in a further
embodiment of the present invention.

FIG. 5 is a cross-sectional view of an integrated circuit packaging system in a further
embodiment of the present invention.

FIG. 6 is a flow chart of a method of manufacture of an integrated circuit system of

FIG. 1 in a further embodiment of the present invention.

BEST MODE FOR CARRYING OUT THE INVENTION

The following embodiments are described in sufficient detail to enable those skilled in
the art to make and use the invention. It is to be understood that other embodiments would be
evident based on the present disclosure, and that system, process, or mechanical changes may
be made without departing from the scope of the present invention.

In the following description, numerous specific details are given to provide a
thorough understanding of the invention. However, it will be apparent that the invention may

be practiced without these specific details. In order to avoid obscuring the present invention,
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FIG. 6 is a flow chart of a method of manufacture of an integrated circuit system of FIG. 1 in a further
embodiment of the present invention. BEST MODE FOR CARRYING OUT THE INVENTION The
following embodiments are described in sufficient detail to enable those skilled in the art to make and use
the invention. It is to be understood that other embodiments would be evident based on the present
disclosure, arenhavSysrawnproeess, vsrectahigintnanges megde pradeawithgudidedpsading from the
scope of the gggsent invention. In the following description, numerous specific details are given to

provide a thorough understandinﬁ of the invention. However, it will be apparent that the invention may be

practiced without thE&e LpBEES Taming s BrdEre sbibeBSEMNg tHR b EsEHP IS shnYdfhe

well-known cikeilitangy stetitidenjigirati aststhanidmendess steps ake oatidisefqsestideiiaind areThe
drawings showing embodiments of the system-are semi-diagrammatic and not tp scale. and, particularly,
ome of the Ol R SHS T Al e B X Bbe IAUB i SH e et Bawing
FIGs. Similartgsaithdesgrinhendenes ity the dranilag oiontetees ohidetsoripition ydadrdhy sHotsimilar

orientations, FBH&%H@%UBM” ¢RgeF ,'_d'ﬁ% ARRIERTY fo %%M%&ﬁf&n?&%{éﬂxg?he invention can be
operated in any orientation. In addition, where multiple embodiments are disclosed and described

having some featur&s 3EAPRAMBRE o EIERLy shBodiaenss Mectiseivid desciptohchhg &smhension
thereof, similasaaneklike deatbsas fooraane maratbestwiluordirarilydeigasaribed witiplikeiaterence
numerals. The embodiments haye beeh numbered first embodiment, sacqnd gmbediment, plc. as a
matter of descriptive convenience aRd are notintended 16 Rave any other igniticance or provide
limitations for¢frecpresamnimalentidite embahimrposhtovy peeposesbeial tény Ehﬂdvmbmtalt a@sQ@:l_;éd herein is
defined as a plangipaialleldothe plane oF gud f e SHPRiEIRd 'egafaless RiHs Olient - The term

"vertical" refers to a direction perpendicular to the horizontal as just defined. Terms, such as "above",
"below", "botfSh§* SEgiicartaer paRvife SrEnians foniiharesenbigaratiqnper”, "over”, and "under", are
defined with respeckie ¢hpokiesizonialRpianteasshonsimdhe figuies Iheilekniconcdascansdhat there is

direct contact beH/v en %Ien]ents. he term "processing” as used#ﬁerein includes (}Egosition of
. II])a]{a el 1o the ]Eane or surface of t supstrate %atrdtl"ess of ,1ts Ol'lel’ltatl(():}}. tern}
material or photoresist, patterning, exposure, development,etching, cleaning, and/or removal of the

material or pliotoredistdssagaideddnofoparirgdcd ks eoiliechstraoitnars justefierdnd erow. tn ¢ @ 1, therein is
shown a (op vigy, of ar fiearaigshiioulsyseuloqdn an smiosiment aldhe Agesent ipyeation. The
integrated circuit system 100 is shown having a shield layer 102 surrounding metal pads 104. The shield
layer 102 mayPB# a e rtsetting gelinrdidaibreonser e AaHGOARY RRvCR absBTbiRgNa i The metal

pads 104 aremgxposedotiomethe shial@dlayeritoLcbydormingholasisthe shield layer 102.  Routing

traces 106 such as ﬁllurpelpum H)acess ar,eaZorgngc[il on tk}gc u fg.Ce %fstthe sf '%Ilgtl%%?ro %LO ) Ar"ggsttJting trace" is
defined as a conductiVe ¢[& nf?ﬁé‘tlgnay BELSET o 6t Slgn SRRl LN I RE routing traces

106 extend spiosteniillyxpeyond dbhekeggestofetbempetatpads 104/00 creatalaabtingntitadel that is
substantially ﬁ%@@(agﬂ@gstﬂﬁdﬂgé%Q&qﬁﬂé)ffdgsgﬁﬁ%@Hﬁ&npes are manufactured atop the routing traces

106, and are arranged to interface with connections on an outside package or device (not shown).
Referring now to FIG. 1, therein is shown a top view of an integrated circuit system

100 in an embodiment of the present invention. The integrated circuit system 100 is shown
having a shield layer 102 surrounding metal pads 104. The shield layer 102 may be a
thermosetting polyimide or other insulating and shock absorbing layer. The metal pads 104
are exposed from the shield layer 102 by forming holes in the shield layer 102.

Routing traces 106 such as aluminum traces are formed on the surface of the shield
layer 102. A “routing trace” is defined as a conductive element that may be used to rout
signals between elements. The routing traces 106 extend substantially beyond the edges of
the metal pads 104 to create a routing trace that is substantially larger than the metal pads
104. The bumps 108 are manufactured atop the routing traces 106, and are arranged to

interface with connections on an outside package or device (not shown).



The metal pads 104 are shown arranged in four matrices. The arrangement of the metal pads 104 may be
regular or irregular depending on the arrangement of the bumps 108 and the underlying circuitry (not
shown). Further the routing traces 106 may connect multiple metal pads 104 to a single bump 108 or may
connect one metal pad 104 to multiple bumps 108. Referring now to FIG. 2, therein is shown a
cross-sectional viewlst thetdhregsalld eiectliospstaiand@Dialbng theitiers. 2 Theotri@emeThef iftegrated

circuit system,109 ;&%&W%@;\g@ge%a@apwnﬁe%%ﬁ %%@Qiﬁg%tﬁf% %ﬂ@&ﬁéﬁ?%ﬂ@@bﬂ'ﬁﬁsq@p 108 is
shown having a pedestalgjqrtlon. 202, a solder portion 204, and an under bum&%nnetallization portion 206.

The under buth MetaIiSRHBI SHIBI26%is genBlally 1ofTTed i IMARY ISJETS AinTAEtSPRYiTpositions
such as coppat]ipleondtaadicked, titanitgh vanadisrorand etieednetialsmelepparliog emibriplesired bump
material and ggar%qt@gistics. The pedestal portion 202 may also be made of various metals such as
copper. The solder portion 204 is made of tin and lead. The solder portion 204 is shown having a domed
surface 208 formedRaferriafiowyprocEKs. stefieTiie roshingntracwssodg ashbwiseoirbetinggréeump 108 to
the metal pad1Qs: @Q%rﬁommﬂc?ﬁ%(%ﬁe]i% i5.ip giret coniaet with the Mrta RadedPfoBnd dgoshpwn atop the

shield layer 102. The routing trace 106 is shown fully covering the metal pad 104 that is not covered by

the shield lay®its2the Papautist e 269 id suheiSHEtN EXte Aty ORtd YSdritie8ie e eld layer 102
that cover sidea@tdhahismpo208solderifaeimnetalpad A04hadosmesahovedisupstiate28d0Buch as a
siicone substiaje. Fhc Substipte 2101s showniaving rapsister clements 212,and metallizafion layers
214. The transistor elements 242 cantbe on a side e metallization Iaye}/s iéfsfacmg away from the
metal pad 10dmphsisdesesndisesveretthahthmiprasevkity etionnhasamdnybenefitghfirstesilice the bump
108 is formeqla;gl{@ﬁg%t{gg&‘ggggd%gﬁl Lo tpe matalpad 14, the shield layer 102 is under the entire

area of the bump 108 and can be used to protect the substrate 210 from mechanical forces that would be

transferred through the PRAGHF1LBEON 284188tk s BeaAp Ao iPtnidaly Redpds trPriecH fical forces

from being trasigterpedifiopnihe humwp @8 raugh the telal padd0zbdiregilywio thapubatiata 210. It is
increasingly im&ort 8t?0%ot ct th% t?ubstrate 210 froltH external forcr&: as the transistor. eleflnents 212

and the metallizafion ayers X BRomerRisier dhid more SeRsiive 065 30C W§6§8&%§ﬁ§, 3§ the
transistor eIehmanIsi(B.L@ drdnthelrpstdilizatida fgyéng 2act Beeame @mdl@ntﬂwmitbwr@w-kabpa)
dielectrics sughyasg fIHQHBE PAGRROSHAREL &'leon f'ﬁ%&ﬁiﬁg‘%r&%eﬁ)&sc&f&?ﬁ“flﬁﬁ%gteeﬁHg%0 and cross

talk in very thin insulating layers. Utilizing low-k dielectrics reduces parasitic capacitance but protecting

these sensitiveeBlepAe & dheoihat viexRiFthiyohanbishulis A cmpifnE e Srrsatifg thBskshp 108 from

the metal padilah Wkitizigg dhacossingntactd Meld 1ay2ec0Dehdt hinsaen diskovergsitimt substantial
production gains may be rtealizsqé%/.of setti(rll bthe loc ti?ntof tpoe bump 108.from thbetmteta ad 104. This
inventive design faci ifates the pr & pefsre u%% Mo SéfﬁSthesﬁlﬁCg t Seaiﬁ]té%)r?ftes Cireit sygtem 100
before the busnpsri@82afeifoshoech. Ahimgestimgsatovlssignifidadnndn pravidimeints loyefacllithtifige partitioning
the logistics of MaRYARIEGL8MRER FOUAdrEs A ARYMRING SRVISE- R OYIFRSne awd i nARNEXpPected

benefit of the present invention is that the size of the bump 108 is not tied to the size of the metal pad
104. As the sk btl pradeandissavaredyfintiee SHersRing Sz @osf tne Hamsisis{élenkéts 212 and

the metallizatipdaye kb4 U3a Pomp-d 08 indrsignedwithihadnesdie intenfase voih wxtararl
components or con&ection not shown). Thus, it has b@gn%d'scovered that the bumps 108 may be
C

) y
formed in any’&Fe! that fARfalas A Brofist Qgt%‘f"n {"88n Ahie Hied e PAPSSHES S9PRIAY continue to
decrease in slz@ fsathouechaniirag) faces et eff@bddondhdesize thfdingh bunbpsp 088.  Finally, an unexpected

production improveggnt \as fisGayesedRy &limjoaing a.s6eqnd R%M{&%Eii"yﬂc@loh%ﬁﬁj‘%gﬁgbove the
routing traces 106. By creating the pedestal portion 202 of the bump 108 having a side wall 216 that is

non-wettabletfertherisd|ferpbeipHPoW & HE vedd e s tBopth &P 1disc Broe ity thieate diAg rates 106 is

eliminated. Thissegnaesithnaest @f preds sldubheside yvalbaloxehe fRedesial Rotianidde may be
made non-we;table tgoxidat Referring now to FIG. 3A is Tn intgﬁgted circuit system 100 of FIG.

ion. ,
2 in a wafer (i6VEHy phALE B%‘“’rﬂ%?ﬁﬂl%&ﬂﬁ’fé.la?‘ﬁré ﬁﬁ”gﬁf’éf’é’&ec%%ﬂ PsHteR ol S Lol Hiling the
substrate 213 @dicHIGIIR, provid edmastpadohawaler 82the mdtdGizatdh 13Prdepicha highlnsilaplified

process °Ver¥i‘r°t¥i’effé'§xf-‘i’{ E];A(Lgk J{%ﬁ‘éé%%%rcseiﬁéﬂa@tﬁl%%%e%ﬁ'%bo% %Hésg'd%ﬁiE’M %?MQ%E it Jor CMOS

transistor logic on the wafer 302. It must be noted that many components may be formed on the wafer
302 such as MetpBBt |efEzcahBidgriavtenssripbna ormicsendapdadngglorsthe HpprtRi& o the
integrated circuit system 100.
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Referring now to FIG. 3B, therein is shown a magnified region 304 of the integrated circuit system 100 of
FIG. 3A. The integrated circuit system 100 is shown having the wafer 302 such as a silicon wafer having
a deep subcollector implant barrier 304 deposited thereon and having a film of exposed photoresist 306
deposited on the deep subcollector implant barrier 304. The photoresist 306 is shown having vias
308, which wiliedsgioese edvtionduftite depgsisuiseoliecrapicaplantissarieng0xetlamanichbpeoress.

Referring now;{R§ I paftalst %Hdiﬁée&%ﬁﬁﬂlﬁﬁwiﬁ}sﬁﬁ%ﬁiﬂgﬁl%ﬁh% 88 afteh aderRsyhgolgctor implant
barrier etch phase of manufacture. The integrated circuit system 100 is shown having the deep
subcollector PR BariratingiaseHEY exposing a portion 308 of the wafer 302.  Referring now to
FIG. 3D, therein is Saowid, thehintegratdiccoirauit gystamsta00prd@c8bhafiersandeaie sehicelagior implant

phase of man ,{a ture. The wafer is,show ing a deep subcollector.well 310 implanted in the
wafer 302 an((#l %eeuaée%esgﬁgg réc?ﬁ&?ren]ﬁf%? bpgrgr?géog%g) %frlu—%fg hla%F berrewﬁsré%%ri}lev . Cli{élﬂ%l«}eferring now
to FIG. 3E, tHerdirnties shovmmolprebiefiag fate oirslgii’ sydesimd 06 oftFiGted Birfeersastighf&hhoérsture anneal

phase of manifagiurs: The integrates ciraniteysiemitor isshawmnhaying the deen subsellggtor well 310

dispersed deeper into the wafer 302 through the high temperature annealing process.  Referring now
to FIG. 3F, tHEHPRHOwIP#HRESH I gPaRReirEn Resysta Py isbioT s uip g SFRir FrRSEBarrier growth
phase of manufactureirdhe integraied sietit sysiepiclof isehavmnihainganzmplanthaipgans8l2 such as

silicon-nitride. depasited covering.the wafer 3 nd,the dee collector well 310. eferring now to
FIG. 30, thorSi bR g PR o MG S LIS B A P AHab BB etch phase
of manufactusktinking kiecinfebedtesicireslesyste Ml 200d shshoeid lratingldhe phictthremist OB deposited on

an implant bajrigr3d 2, ifidhimelani-PatEeL R LeiRaskern elalrmdad %Y%hﬁQJH&%éﬁéﬂsﬁB&hﬁdeep

subcollector wells 310 that will become transistor wells. Referring now to FIG. 3H, therein is shown
the integrated ifedithaydiesh digty vired dras B hemh I pnmi hsniesaest imamitiraihal frrdtHesgrated circuit
system 100 ipspevertbiavingdrasistanyuetis slktaipplantachisiathemeep sidbeqlectoravatisosl 0. The
transistor wells 316a%re shoglfyn havir%gt exte t'or§u318.1¥|e extensions are low doping regions of source

and drain toward €Ranner and- E)Srg{llén S'prémature Breakdown of drain-substrate junction.

Finally, an unexpected production improvement was discovered by eliminating a
second polymer layer (not shown) above the routing traces 106. By creating the pedestal
portion 202 of the bump 108 having a side wall 216 that is non-wettable to the solder portion
204, the need for a polymer layer protecting the routing traces 106 is eliminated. This
reduces the cost of goods sold. The side wall 216 of the pedestal portion 202 may be made
non-wettable by oxidation.

Referring now to FIG. 3A is an integrated circuit system 100 of FIG. 2 in a wafer
providing phase of manufacture. The integrated circuit system 100 is shown having the
substrate 210 of FIG. 2 provided as part of a wafer 302.

FIGs. 3B - 3P depict a highly simplified process overview for forming the transistor
elements 212 of FIG. 2 such as PMOS MOSFET for CMOS transistor logic on the wafer 302.
It must be noted that many components may be formed on the wafer 302 such as memory,
logic, analog devices, or none of these depending on the application of the integrated circuit
system 100.

Referring now to FIG. 3B, therein is shown a magnified region 304 of the integrated

circuit system 100 of FIG. 3A. The integrated circuit system 100 is shown having the wafer

302 such as a silicon wafer having a deep subcollector implant barrier 304 deposited thereon



Referring now to FIG. 31, therein is shown the integrated circuit system 100 of FIG. 3B after a gate
dielectric etch phase of manufacture. The integrated circuit system 100 is shown having the implant
barrier 312 of FIG. 3G removed. A gate dielectric 320, such as silicon dioxide (Si02) or a low-k dielectric
such as fluorine or carbon doped silicon dioxide, is deposited covering the deep subcollector wells 310,
the wafer 302n7 he g to iidgist 306ted Peapreiego¥lifedeopstied gatehelidteptriebsdltecthamplandielectric
320 is etched,ig-fqrepa gate trench 322. Referring now to FIG. 3J, therein is shown the integrated
circuit system 100 of FIG. 3B after a gate deposition phase of manufacture. The integrated circuit system
100 is shown havingth8!H3ts te St 0BOSIHIEY g g dvaid & YatePssurqeisisitidhin 47 gate trench
322. The gateuBedilsay heplafimadiby Jnetaldeposiicesand may consist of stacked Ti-nitride (TiN),
Ti-Aluminum (TiAl1), T ntalumF’gTa i-nitrid &“\% A gate metal laye isalso shown covering
the gate dielectric ﬁg%mngﬁlg ertr(l) r)rgﬁg;gwg to ﬁé& ?tt de?g?ﬁlllﬁssgﬁg\?vr% @gé) %rﬁ%grlg%gﬁt&rréu% e§)ystem 100 of
FIG. 3B aftersabsollectornmeptivaiharescticiophisrgop mzasafa¢ tman dfzectoieerath dicagreesdneitoitssystem 100
is shown haVlHQ\JH%aQﬁ?ﬁ% {H@B%H?Mﬁfc%&@ Fﬂ@}aﬁt]b%}ﬁ@?‘jloﬁ%@&& @%B&%%tg‘gcﬁlé‘&‘ﬁ qiglgetilc 320. The
photo resist 306 is deposited covering the gate dielectric 320 and the gate 324. The gate dielectric 320 is
etched below & t*ARsistor wells 316 to expose the deep subcollector wells 310 from the gate dielectric
320. Referring rmaetans|towlto theraiD,ishshonis thewntegralegr i uitQ)steseADM0FIGG3B after a
source and drain deposition phase of manufacture. The integrated, circyit em. 100 is shown having
e and 0B b B T o LR s 5 B SR b hanstor
wells 316 explospdipophidtiergaitd! ditleiont320.1A bourveéenrt2drah thesidepskeyetl 830 covdastthe gate

324, and the gaie igleGHis P A has RReferingiow to FIG. 3M, therein is shown the integrated circuit
system 100 of FIG. 3B after a polymer processing phase of manufacture. The integrated circuit system

100 is shown havin§tf&trgieutst Eleminthot fotheynihhd s S s drsin o Fstallization
layers 214 deyposftecalisidwthpecitansisioealprents hbiuihbrme@ilizatigndayeisild asmfoomed having
metallization layer traces 332 embedded.jn a metalljzation layer jnsulator 334. For elow the
etalization tay B T RS D T A LA Rt P o B ton ayer
traces 332, whidh ghilcwipoticalhnooimegtrtioesmetal pad 104 to the transistor elements 212. The metal

pad 104 is also in cRpfact Wit e mejadizafian;iayeh sy 'ﬁ%o{n%%?ated CF?,%Y@%}EQIQ PRStigTERS the metal

pad 104 and the metallization layers 214 is a passivation layer 338 such as silicon nitride (SiN). The

passivation |2t E38 P RE DAY RYIR Bisagihmasiriefay Ehpifaal s e tattsatib layers 214

and the shield layainlRA:iK20MeTNNG theopRES 8a QRdRYE s B38nameidcpipiaunef theemetahpadiios is the
shield layer 230@ on de%h%itageofsghe 0|i)assivatiﬁry%yer 338 opposite the metallization layers 214. The shield
IR

layer 102 has been proce ed3 t5 %eefb%s “a portion of the metal pad 104 while creating a protective barrier

against shock for thRefarisistomele M€ 3R 1kerein iRdfewindgamedoeiGiBN| shereinl (¥ stidlG. the
integrated Cir§Ei5§¥§£ﬁ%EBQt%faﬁl§-e?b% ﬁ%g aiuting Jayer etch phase of manufacture. The integrated

circuit system 100 is shown having the routing trace 106 formed directly on the shield layer 102 and
connected to the mahs BETR4. crisBiFSYtiRe tHakes THeVthBaynssiarbaasfeis 8380 steppitedMn and the

shield layer 1Q2apin slirget sontagiowitplansisierrt the metsd dadfadngsvaysamnthe supskeate 210 of
FIG. 2. R ferrin%:géqw to FIG. gu erein js shown the integrated circuit system 100 of FIG. 3B after a
S

0 S
metal depositiS RaE2 S thai facltgﬁtg‘?lt'lvﬂ h?Fé’é?Sfé@%ﬁ%ﬁi‘F stem 100 is shown having the photo
resist 306 formed aBddaier lasiaw hE. Sthieltidaye rs102van thd anriga e iar886 s yshenviQB36HEshown filled

by the pedesg% QI%PQI[P 1%%%%&@@ oﬂqﬁﬁﬂgﬁfgn ﬁ?e%ﬂgépﬁeg%w&l&g%tem 100 is shown having
transistor wells 316 implanted into the deep subcollector wells 310. The transistor wells 316
are shown having extensions 318. The extensions are low doping regions of source and drain
toward channel and prevents premature breakdown of drain-substrate junction.
Referring now to FIG. 31, therein is shown the integrated circuit system 100 of FIG.
3B after a gate dielectric etch phase of manufacture. The integrated circuit system 100 is

shown having the implant barrier 312 of FIG. 3G removed. A gate dielectric 320, such as



Referring now to FIG. 3P, therein is shown the integrated circuit system 100 of FIG. 3B after a reflow
phase of manufacture. The integrated circuit system 100 is shown having the photo resist 306 of FIG. 30
removed to expose the bump 108. The bump 108 has been processed to ensure that the side wall 216 is
not wettable to solder during reflow. The solder portion 204 of the bump 108 is shown having the domed
surface 208 ctberadibyiderefiOR) prockssk diclgeitigeuphthe fhkiane leieariopdapetitiaoethflizdtion layers

214, and ovejg %@9@&9& méﬁﬁgﬂhg%‘ée%%ﬂécf@é&@m?s B@@?iﬁ@ﬂ@ﬁé@ﬁ@ﬁ.%ﬁéﬂﬁﬁ@ﬁaﬁﬂ@% nitride
(SIN), which provides a high tensile strength protection of the under_lyi%t_ransistor elements 212. The

passivation |2%&PElepesbehaR tesaligidstine Hetipaue diskctric Ry hIIIBHE S, therein is

shown a crosgesectional view of the integrated circuit system 400 in a further embodiment of the present

invention. The integtated. circuit is shown having a substrate 402 such ijicane substrate.
The subsirats 405 X AFBiA P oS s e S T T AT oo 40
is formed abcWedite 8gbtstidaeod09n Ovise etlgeswhcheemdhsl ipted 408 Briorhssicnpsivabionnayer 410
such as S"'C%\Hﬁg%(ﬁj%. i@ﬁk@@@é%‘f‘@@é.%P@Hp&%aséﬁsﬂgﬁgtﬁ‘z@r@éﬁ&&% of the ﬁgl%}{gﬂg'transstor
elements 404. The passivation layer 410 surrounds the edges of the metal pads 408.  Routing traces
412 such as a&%nﬂ}é)ﬁﬁad? doppEY tPaRESIL R FRTEY SR el QL@ B ¢S SheENAHISH TeyiF#ifo. The
routing traces A3, axtangnsubstaniallyraeyand (he eqges -afthir (Tetal padatdkdihisareates the routing
trace 412 thaa'{lis% S (l))%}lacrgi%%% Ie%[]t%]era gg%ne teré%ircnéggl pad 408. The routing traces 412 can conform to a
shape of the metal pads X086n the 'su s{ra e . Formed above the routing traces 412 is a rigid
layer 414 typically rRatierfagmosoppeiGnidkeheayold istithoiumthointgmbidations thaeeot 0TI Figid layer is
thicker than thg mietah Rag: 408 NG ARSiYALqD AN g}JaQe G hEARUIRG HAcaR@A2edng: thickness of the

rigid layer 414 lowers stress at metallization layers 406 and transistor elements 404. Atop the rigid
layer 414 are’Biifbs W16 HRRga Breabst8risaRiGH Wrerali@ afdoidesbsitise hatsk & Fastair is defined
herein as a cgndd@ivariay2oofmeasianaiieidigiotity W seksteatialhn distributaitbiecoefviant afldhermal
expansion between the bump 416 and packa ubstrate 402. The optimum thickness of the rigid
yer 414 car b8 ol TR CEr e e S aenyarne ey ot AR AR o fcbhtrate and
transmit througbrohlecoperiig Tthemassirtidielkayme 2AD into the substrate 402 where the passivation

layer 410 covers ony.{ie REfME(ERS the Mital PRAXG hhakBret dsaaveraddnalghe mee of the rigid

layer 414 distributes the forces involved in production and use of the integrated circuit system 400. Thus
the present inVeAtigrarvisatHEHh depRiiRD dhatredsrarratéhitethfol HRE SIS HERE AU R improves

the reliability githesaeviceawhile dagreasinganshlines y&ldeh as Tuhasdagen) Wwither.disepvesebthat the use
of the rigid layer 414 reduces pracess steps.and time by eliminating.the need for a polyimide layer
X E? Ot?l‘ eCtrIL?]'22§b 3\ soa/

osited on the transistor wells %16 osed ffom the cate rce_and °.
because stres%%s lare redauce W} OU\EVI’eS %I gxt% a polyimide g ruc 1 re viates a po]ilylmlde

process thgrelwnechimiaglam ﬁﬁﬁmsrsdm!gbe«ii%wst mpcgalydl'eleiclct.rfe; ¥Rile the rigid layer 414 can be
achieved with the sauje hiasic platad HURPIRG RIPSESHWIRULALHIONALSIRRSstem 1hiaPReen still further

discovered In addition, theTigid layer 414 can conceivably also be used as a means to distribute current
thereby allevitBin§tha pebBsHPEIEIsEgdig afonamtstastilsdas e sErd Matethd Pyid layer 414
allows bump gramety e bendarepiipied framgonstraifsREsIAG dlomy sedertyingnmetalipadit08 geometry

and positio.n. ihe.pe estal gr%iion 41%3 y a[hso besmade1 of va}ri : etalg S cht.as copper. The
solder portiof S5 ERANY P ol AP H4TECHIRUPREIBA S267S B A S8 Surtace 422
formed in a réflévarpréoessl dtepng hecrallitingptrdeped 12 @nd Beerigickdtipye imd 1 hrexellshown tyanecting the
bump 416 to 1%%1%(?11%5533‘%3’1%?@ below the metallization layers 214 is the metal pad 104. The metal

pad 104 is connected to the metallization layer traces 332, which will electrically connect the

metal pad 104 to the transistor elements 212. The metal pad 104 is also in contact with the

metallization layer insulator 334.

Covering a portion of the metal pad 104 and the metallization layers 214 is a
passivation layer 338 such as silicon nitride (SiN). The passivation layer 338 acts as a high

tensile strength resistive layer between the metallization layers 214 and the shield layer 102.



The routing trace 412 is in direct contact with the metal pad 408. The routing trace 412 is shown fully
covering the metal pad 408 that is not covered by the passivation layer 410. The routing trace 412 is
further shown extending onto portions of the passivation layer 410 that cover sides of the bump 416. The
rigid layer 414 does not electrically insulate the routing traces 412 and the rigid layer 414 is not itself
electrically isblextednsyhs satssedieantyayépd and Refatrimgehdw iee@l Gad | Hapahe khishbloren EFdss-sectional
view of the in&ﬁ%@i@o@ﬁﬁ@ﬂa%%@f&hﬁ%ﬂ@ﬁsf%éhﬁft@FHP%@ﬁﬁt%t%ﬂ%@fmiﬂ%ﬂﬁ%la}?&e integrated
circuit system 500 is shown having a substrate 502 such as a silicone substrate. The substrate 502 is
shown havind tPaltisiSfsP desrsHis WoARmg MRAdiRZidheI s Bds! & Mta Rt BoB REIEFHEd above the
substrate 502afi¢enedigeshotkfernetahpaddREisctasmEY a passivation layer 510 such as silicon nitride
(SiN), which provid high tensil th protection of Ee.u derlying transistor l?g[n 504. The
passivation layer ST LIRS (ho SHaSE DAL e ads Bt R S TOLOR S o
aluminum or EBppiter raves i daisinetdth ehatredurfandasfttve pAssiviagorddyaicsit Gy TR réliting traces 512

extend 59“"%@#%9@@% E'aﬁtﬁfgg@ﬁ@i &Qﬁﬁé@'@é@ﬁﬁ&?th@@ﬁ&@%&? the JR&'Q&&LE@&?@Q that is
substantially larger than the metal pad 508. Formed above the routing traces 512 is a n&%éd layer 514

typically mad@$rBiidpdet Oick, gt titanrumOotteombinationdarsrédt. AibKthéMigiddaler 514 are
bumps such asigeldseballs 2dbihanivg aqedestahporion SlheStt@ssesdare-hglieved toeoneentrate and
transmit throgg@sttrg? gﬁ]ggmaf %he passivation layer 510 into the substrate 502 where the passivation
layer 510 covers on?y e periméter of the metal pad 508. It has been discovered that the use of the
rigid layer 514 distriRefiestbadorte§liavoNedidreiprochotiontzndtegatef theurtexptated WlrelUllSystem 500 so
that the soldeygoglls 216 Mak RRidEPRIGD AIFGRIM QURY. thEMHeialRars B YibQUioer&atiag prohibitive

stresses. Thus the present invention alleviates the magnitude of stresses transmitted to the substrate 502
and improved#tdgdhamhtyoremyt devitumadiasiadrssshideantisinkisibigyer 10PmdRAIREFaYR 512 is in
direct contacggéthrthevinety parosastildienrautipgdrasepbiis2ehandtiid I idevssifigiihedaetat pad 508
that is not cosélenrmed1 ¥the passivation layer 510. The routing trace 512 is further shown extending onto
portions of the p555|vation layer 510 that cover sides of the bump 516. The rigid layer 514 does not
electrically insulate Reéerougimgvir ac €56 BP . dhet¢hneivighdvaybe Hiltdeistpdtitseif slgcmid@loisblated by a
subsequent 13ySfier o RAIRIIAALON 10, frNiEIRIE SHRWA oW GBA 00 & MRIIRARRR. Of

i
manufacture of an integrated circuit system 100 of FIG. T in a further @mbodiment of the present
invention. ThEGRAPI8dB00 1HCIBHE pRIVitARG S imbetras Me/miga thsKieamna A% sesifisstion layer in a

block 602; fopmingsednetakpadiin eicestcantact gvith e snetallizabarlayvengtdhewsulrst aégdin a block
604; forming a passijyvation layer in direct contact with the metal pad and cqvering the substrate in a block
506, forming S TUUA WU BBV (S JASER B Sl T NGRS SUSECTM A TS ebial B and the
routing trace psosapstantially larger than the metal pad, and the routing trace is not electrically insulated by
a subsequent layer i Dlpck- Q0% And {oimingh @ UM cRoNRFIS o tapimetalbpad.yith fheyrouting trace
in a block 610. Thus, it has been discovered that the offset bump with a partial redistribution layer
system of thelstasend ihdertidaroedishrePamparethtaiss AdtettbrasutikpeivAitig (WaDaikshiid solutions,
capabilities, askfanctional aspaetsufaidintegrated cistuitSiateny tRNigiatipR nldes resultimgeprocesses
and configurations are straightforward, cqst-effective, uncompljcated, highly versatile, accurate, sensitive,
and effectivePARY ¢4 Eaé'er %ﬁ%rr?f@cﬁlso QeSS %‘ﬁg%ﬁﬁ‘ c%arfflﬁp]o Yents for ready, efficient, and
economical manufaRtiicingg applicatldt, dndhatdizatichown AMke-Heetionantion hashbeergesdribed in
conjunction Wi, SREGIcyRsSh MAAS ! i i udsrsioqd (At many altemates.madieagons, and

variations will be apparent to those skilled in the art in light of the aforegoing description. Accordingly, it is
intended to efitipata0flisthmvaliaiag ¢essbiHaIfOAtUAS aaAdiliarnaiBivsttrat Taw withirihé0dcspe of the

included claifipwil iRatiershithestafRiraat JorthReraim 0 ahonv R jerthe0acCaAMBAnY A divags are to be
interpreted inf(z)irrr]niell gltal;)zi\;[évt ea nggtgzﬂéli%gin%ggrnes(?g'es of the metal pad 408 is formed a passivation

layer 410 such as silicon nitride (SiN), which provides a high tensile strength protection of

the underlying transistor elements 404. The passivation layer 410 surrounds the edges of the

metal pads 408.
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What is claimed is: 1. A method of manufacturing an integrated circuit system comprising: providing a
substrate having a transistor and a metallization layer; forming a metal pad in direct contact with the
metallization layer of the substrate; forming a passivation layer in direct contact with the metal pad and
covering the substrate; forming a shield layer on the passivation layer; forming a routing trace above the
passivation layer aritPoimnthtashield datpeh, ahelrouting waceprbetfsassivationagen Hiedunkashiéld layer in

direct contactyifaQisigePldhe metalipaddasiod.awav fromdthe swhsiaigivih ihea rutiag.lage not
electrically insulated by a su se%.ent layer; and forming a bump connected to the metal pad with the

routing trace 19, HY RisthdWas dkinTEdsh Cam i RIMAET CompASING  RSRATRY A AT 998 tRicker than
the metal pagnbailvyaentBeThemmandthe passivatioshiayero 3. shhe: wethoohas! glaisne ionclem Iwherein:
forming the sshigéga{@/fdzincludes forming the shield layer on a side of the passivation layer opposite the

substrate; an
Formed above the routing traces 412 is a rigid layer 414 typically made from copper,

nickel, gold, titanium, or combinations thereof. The rigid layer is thicker than the metal pad
408, the passivation layer 410, and the routing traces 412. The thickness of the rigid layer 414
lowers stress at metallization layers 406 and transistor elements 404.

Atop the rigid layer 414 are bumps 416 having a pedestal portion 418 and a solder
portion 420. A rigid layer is defined herein as a conductive layer of reasonable rigidity to
substantially distribute the coefficient of thermal expansion between the bump 416 and the
package substrate 402. The optimum thickness of the rigid layer 414 can be calculated using
finite element analysis.

Stresses are believed to concentrate and transmit through the opening of the
passivation layer 410 into the substrate 402 where the passivation layer 410 covers only the
perimeter of the metal pad 408. It has been discovered that the use of the rigid layer 414
distributes the forces involved in production and use of the integrated circuit system 400.
Thus the present invention alleviates the magnitude of stresses transmitted to the substrate
402 and improves the reliability of the device while increasing end-line yield.

It has been further discovered that the use of the rigid layer 414 reduces process steps
and time by eliminating the need for a polyimide layer because stresses are reduced without
resorting to a polyimide structure. This obviates a polyimide process thereby reducing the
process complexity, cost and cycle time, while the rigid layer 414 can be achieved with the
same basic plated bumping process without additional steps.

It has been still further discovered In addition, the rigid layer 414 can conceivably
also be used as a means to distribute current thereby alleviating the problem of
Electromigration. It has lastly been discovered that the rigid layer 414 allows bump geometry
to be de-coupled from constraints arising from underlying metal pad 408 geometry and
position.

The pedestal portion 418 may also be made of various metals such as copper. The

solder portion 420 is made of tin and lead. The solder portion 420 is shown having a domed

11



forming the bump includes forming the bump offset from the metal pad. 4. The method as claimed in
claim 1 wherein: providing the substrate having the transistor includes the transistor on a side of the
metallization layer facing away from the metal pad. 5. The method as claimed in claim 1 wherein: forming
the routing trace includes forming the routing trace extended onto portions of the passivation layer over

portions of theurfietat phthrracdiimethideModreestifderuriviy aenimte diesed IdimdttBy sieh lependiiding:

providing a suksgie, haviRg:/ iraesisies ankadesializaligndgyer; forming a metal pad in direct contact
with the metallization layer of the substrate; forming a passivation layer in direct contact with the metal

pad and covering the'&dBgiRg&rasTotestsin THechaQuR b Bre Pt RpG §83h & At Bgd 46 ming a
shield layer ofithi plassivationdayerigformingad palitiog tiack aboveythalpastivaisiivayer apel on the

shield layer, g ropfing lrace, the passiyalion Iayer, and ine. shield layer.in direct contact yih a side of the
metal pad facing awa)‘/%‘ronﬁgttﬁe substrate wi ﬁ1e routing {race not e?/ec rically mathated' byy a subsequent
layer; and 410 that cover sides of the bump 416. The rigid layer 414 does not electrically insulate the

routing traces 412 and the rigid layer 414 is not itself electrically isolated by a subsequent

layer.

Referring now to FIG. 5, therein is shown a cross-sectional view of the integrated
circuit system 500 in a further embodiment of the present invention. The integrated circuit
system 500 is shown having a substrate 502 such as a silicone substrate. The substrate 502 is
shown having transistor elements 504 and metallization layers 506. A metal pad 508 is
formed above the substrate 502. Over edges of the metal pad 508 is formed a passivation
layer 510 such as silicon nitride (SiN), which provides a high tensile strength protection of
the underlying transistor elements 504. The passivation layer 510 surrounds the edges of the
metal pads 508.

Routing traces 512 such as aluminum or copper traces are formed on the surface of
the passivation layer 510. The routing traces 512 extend substantially beyond the edges of
the metal pads 508. This creates the routing trace 512 that is substantially larger than the
metal pad 508.

Formed above the routing traces 512 is a rigid layer 514 typically made from copper,
nickel, gold, titanium, or combinations thereof. Atop the rigid layer 514 are bumps such as
solder balls 516 having a pedestal portion 518. Stresses are believed to concentrate and
transmit through the opening of the passivation layer 510 into the substrate 502 where the
passivation layer 510 covers only the perimeter of the metal pad 508.

It has been discovered that the use of the rigid layer 514 distributes the forces
involved in production and use of the integrated circuit system 500 so that the solder balls
516 may be deposited directly over the metal pads 508 without creating prohibitive stresses.
Thus the present invention alleviates the magnitude of stresses transmitted to the substrate
502 and improves the reliability of the device while increasing end-line yield.

The routing trace 512 is in direct contact with the metal pad 508. The routing trace
512 is shown fully covering the metal pad 508 that is not covered by the passivation layer

510. The routing trace 512 is further shown extending onto portions of the passivation layer

12



forming a bump having a pedestal portion and a solder portion and the bump is in direct contact with the
routing trace. 7. The method as claimed in claim 6 wherein: forming the bump includes forming the
pedestal portion oxidized and is non-wettable to the solder portion. 8. The method as claimed in claim 6
wherein: forming the bump includes forming the bump having an under bump metallization portion in

direct contactWitthaheonsutirlgtiicde durneShbetAdd teidikivaedlih ddasm® oldvsrcitlyformning the bump
includes formjgg e U it ifereokharizosial Simensianaiciferant olagenery ahavg. e substrate.
or a combination there of, than the metal pad. 10. The method as claimed in claim 6 wherein: forming the
bump includégyﬁfrming the bump not directly over the metal pad. 11. An integrated circuit system
comprising: a substraferfiayinga tiargistos and@imetaliivation |dyer; enmetd pashdrhairestiocontact with the
metallization rll%}ﬁ%rfg:ft&peeO%Uat%ls%%gfated circuit system 100 of FIG. 1 in a further embodiment of the

present invention. The method 600 includes providing a substrate having a transistor and a

metallization layer in a block 602; forming a metal pad in direct contact with the

metallization layer of the substrate in a block 604; forming a passivation layer in direct

contact with the metal pad and covering the substrate in a block 606; forming a routing trace

above the passivation layer in direct contact with the metal pad, and the routing trace is

substantially larger than the metal pad, and the routing trace is not electrically insulated by a

subsequent layer in a block 608; and forming a bump connected to the metal pad with the

routing trace in a block 610.

Thus, it has been discovered that the offset bump with a partial redistribution layer

system of the present invention furnishes important and heretofore unknown and unavailable

solutions, capabilities, and functional aspects for integrated circuit system configurations.

The resulting processes and configurations are straightforward, cost-effective, uncomplicated,

highly versatile, accurate, sensitive, and effective, and can be implemented by adapting

known components for ready, efficient, and economical manufacturing, application, and

utilization.

While the invention has been described in conjunction with a specific best mode, it is

to be understood that many alternatives, modifications, and variations will be apparent to

those skilled in the art in light of the aforegoing description. Accordingly, it is intended to

embrace all such alternatives, modifications, and variations that fall within the scope of the

included claims. All matters hithertofore set forth herein or shown in the accompanying

drawings are to be interpreted in an illustrative and non-limiting sense.
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a passivation layer in direct contact with the metal pad and covering the substrate; a shield layer on the
passivation layer; a routing trace above the passivation layer and on the shield layer, the routing trace,
the passivation layer, and the shield layer in direct contact with a side of the metal pad facing away from
the substrate with the routing trace not electrically insulated by a subsequent layer; and a bump
connected to the m¥&thipadlewngdie routing trace. 12. The system as claimed in claim 11 further
comprising: a rigid layer thicker than the metal pad between the bump and the passivation layer. 13. The

system as claimed ih clairft RFHSIS M BRI BIEN&)R M Batik e e P ARiSamBHYAYer and the routing
trace; and the bumpisvaffsghfraaithe netal pachsitdhr The systemvasoalaipeed in claim 11 wherein: the

ransistor is on a sige.of e MElRZRIOR QY CLIBCNG AUV QM e MBI At Lip Jg system as
claimed in claim 11 wherein: the routing trace extends onto portions of the passivation layer over portions
of the metal pad. 18 i sypassivasosldiyedinditedncentagharginthe metal pad and covering the

substrate;

forming a shield layer on the passivation layer;

forming a routing trace above the passivation layer and on the shield layer, the routing
trace, the passivation layer, and the shield layer in direct contact with a side of
the metal pad facing away from the substrate with the routing trace not
electrically insulated by a subsequent layer; and

forming a bump connected to the metal pad with the routing trace.

2. The method as claimed in claim 1 further comprising:
forming a rigid layer thicker than the metal pad between the bump and the passivation

layer.

3. The method as claimed in claim 1wherein:
forming the shield layer includes forming the shield layer on a side of the passivation
layer opposite the substrate; and

forming the bump includes forming the bump offset from the metal pad.

4. The method as claimed in claim 1 wherein:
providing the substrate having the transistor includes the transistor on a side of the

metallization layer facing away from the metal pad.

5. The method as claimed in claim 1 wherein:
forming the routing trace includes forming the routing trace extended onto portions

of the passivation layer over portions of the metal pad.

6. A method of manufacturing an integrated circuit system comprising:

providing a substrate having a transistor and a metallization layer;

forming a metal pad in direct contact with the metallization layer of the substrate;

forming a passivation layer in direct contact with the metal pad and covering the
substrate;

processing the passivation layer to expose the metal pad;

forming a shield layer on the passivation layer;
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the bump has a pedestal portion and a solder portion; and the passivation layer has the characteristics of
being processed to expose the metal pad. 17. The system as claimed in claim 16 wherein: the pedestal
portion of the bump is oxidized and is non-wettable to the solder portion. 18. The system as claimed in
claim 16 wherein: the bump has an under bump metallization portion in direct contact with the routing
trace. 19. The systérmargclaimeeRinackaibe 16thhiasiratine layenpidas ditfeheald lydrdheabdimgnsions,

different placement above,ihe SHOpHRIG. RIndseMAaatomibRIegt: thanthemeial Raf 4dc the system as

claimed in claim 16 wherein: the bump is not irectl¥ over the metal pad. )
the metal pad facing away from the substrate with the routing trace not

electrically insulated by a subsequent layer; and
forming a bump having a pedestal portion and a solder portion and the bump is in

direct contact with the routing trace.

7. The method as claimed in claim 6 wherein:
forming the bump includes forming the pedestal portion oxidized and is non-wettable

to the solder portion.

8. The method as claimed in claim 6 wherein:
forming the bump includes forming the bump having an under bump metallization

portion in direct contact with the routing trace.

9. The method as claimed in claim 6 wherein:
forming the bump includes forming the bump with different horizontal dimensions,
different placement above the substrate, or a combination there of, than the

metal pad.

10. The method as claimed in claim 6 wherein:

forming the bump includes forming the bump not directly over the metal pad.

11. An integrated circuit system comprising:

a substrate having a transistor and a metallization layer;

a metal pad in direct contact with the metallization layer of the substrate;

a passivation layer in direct contact with the metal pad and covering the substrate;

a shield layer on the passivation layer;

a routing trace above the passivation layer and on the shield layer, the routing trace,
the passivation layer, and the shield layer in direct contact with a side of the
metal pad facing away from the substrate with the routing trace not electrically
insulated by a subsequent layer; and

a bump connected to the metal pad with the routing trace.

12. The system as claimed in claim 11 further comprising:

arigid layer thicker than the metal pad between the bump and the passivation layer.

15



13. The system as claimed in claim 11wherein:
the shield layer is between the passivation layer and the routing trace; and

the bump is offset from the metal pad.

14. The system as claimed in claim 11 wherein:

the transistor is on a side of the metallization layer facing away from the metal pad.

15. The system as claimed in claim 11 wherein:
the routing trace extends onto portions of the passivation layer over portions of the

metal pad.

16.  The system as claimed in claim 11 wherein:
the bump has a pedestal portion and a solder portion; and
the passivation layer has the characteristics of being processed to expose the metal

pad.

17.  The system as claimed in claim 16 wherein:

the pedestal portion of the bump is oxidized and is non-wettable to the solder portion.

18.  The system as claimed in claim 16 wherein:
the bump has an under bump metallization portion in direct contact with the routing

trace.

19.  The system as claimed in claim 16 wherein:
the bump has different horizontal dimensions, different placement above the substrate,

or a combination thereof, than the metal pad.

20. The system as claimed in claim 16 wherein:

the bump is not directly over the metal pad.
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