INTEGRATED CIRCUIT WITH PROTECTIVE MOAT TECHNICAL FIELD The present invention relates
generally to integrated circuits, and more specifically to protective structures around integrated circuits.
BACKGROUND ART Integrated circuit technology has been progressing rapidly to the point where
integrated circuits incorporating millions of transistors are possible in such products as cell phones,
televisions, and personal computers. However, as more and more comPQSIex roducts are developed, even

more rapid development oM @ﬁ&éﬁ%&&@ﬁq\ﬂ&lt’éﬁé’a{}%@i% Sfkndividual transistors,

memory units, and their connections, and to change the materials used in the manufacture of integrated
circuits. For example, newer technologies have included decreasing the spacings of conductive lines
below 0.13 uffE&htNdGahgihigltbe materials being used from conventional aluminum conductor with silicon

dioxide dielectric 'axﬂesp(éééﬁi%%htmma%ggigaml QBRAE LARALELAN WIRJ WG QrPlitariai dislectric

constant material (Cu/low or ultra-low k) systems. With the introduction of Cu/low or ultra-low k systems,
reliability issURSSIFEVESEEEHT S HeeEedFfEYIEor example, moisture attacks have occurred during
package-level autoclaving, pressure cooker testing (PCT), thermal humidity bias (THB) testing, and

highly accell&gg&%}%@%bei&(FAST) testing. It was found that micro-cracks were induced in the
periphery of the integrated circuits during the wafer dicing process and that moisture could penetrate

through the micro-dlaggsltaioniQCHig mhmucgyr_ham_l Wﬂnkwt@@@sﬁ@imfﬂyetﬂms moisturéigenetration
eventually leggs, (g failiies Ol JNGHAGHIRFSWiS: IRR BIOISU R QY w&*ﬂ'??aﬁ&%cm%lmore

prominent when ultra-low k dielectric materials are used because such materials have extremely porous
structures wHBANSFe!FHFE OVt IRt @BTECR3 FfidttiEsattack. Other problems, which occur with the use of

new materials and thewpaye towaset snaalieiinteaipked sisauidinecspacingsdinslusledetarapiation
between the I&c&g Tlielectric Flagleer cotgl‘nt(a)oi'nin% the erne.tal wirers inée{metaled(i)?lﬁq%tlr\i,?d{% ers Illé/tlgg) and the
capping layef, ARGPESBh&F S oiffBREN el tFrd YETAnInSHE R oLE VLS 1
memory units, and their connections, and to change the materials used in the manufacture of
integrated circuits. For example, newer technologies have included decreasing the spacings
of conductive lines below 0.13 um and changing the materials being used from conventional
aluminum conductor with silicon dioxide dielectric layers (Al/SiO;) combinations to copper
conductor with low or ultra-low dielectric constant material (Cu/low or ultra-low k) systems.

With the introduction of Cu/low or ultra-low k systems, reliability issues never seen
before have occurred. For example, moisture attacks have occurred during package-level
autoclaving, pressure cooker testing (PCT), thermal humidity bias (THB) testing, and highly
accellerated stress test (HAST) testing.

It was found that micro-cracks were induced in the periphery of the integrated circuits
during the wafer dicing process and that moisture could penetrate through the micro-cracks
along the conductor and low k dielectric interface. This moisture penetration eventually leads
to failures of the integrated circuits.

The moisture failure problems become more prominent when ultra-low k dielectric
materials are used because such materials have extremely porous structures which are more
vulnerable to moisture attack.

Other problems, which occur with the use of new materials and the move toward
smaller integrated circuit line spacings, include delamination between the top dielectric layer
containing the metal wires (intermetal dielectric layers (IMD)) and the capping layer, and

copper out-diffusion after the delamination occurs.



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 manufacturing an
integrated circuit provides a substrate having a semiconductor device, and includes forming an intermetal
dielectric layer overStiatisubsershesaunebthemsdrniedrrdndeoe devide. el doidderientnddvabeve the
semiconductey,dgyv @sﬁ@&i&@%ﬂ?%lﬁhﬁﬁ%"‘@ﬁ'ﬁ,%Qs?ééﬁﬁ%ﬂ@tﬂ'@@h@%ﬂ%f&ﬂ@ﬁgvé)}@{gt'@%&@@rmeta'
dielectric layer. A bond pad is formed connected to the metal wire. A protective moat is formed through
the passivatidiaySHSAHE Mtermetal dielectric layer, and is located between the metal wire and an
outside edge of the integrated circuit. The present invention provides an integrated circuit provides a
substrate having a semiconductor device, and includes an intermetal dielectric layer over the substrate
and the semiconductor device. A nfEEFPSIRILNLHE INWIENTEONor device and in contact therewith
and a passivation Ial;%ﬁr is over the iriltermetaj dielectri<‘1}Iadyerf A bo clltgad 5 contnectteg to th(—:-t metal wire.
A protective moat is eré’ﬁ%sﬁ%énﬁ%lns.ls(l’\l}a%)ﬁ”fla?ﬁeer‘ ARATRE GheBAREes (ﬁlél%catr}icn}ae)gé?,ean%lrf:su}ocated
between the petalewiresabgirate datsigeaesiye @ithetdintégiatedeircuitudeailimesiipve beemessentially
eliminated duifgAACKRGP ISVl LRGIRYIRG B RSWR SRRIELISRIRG (P Tl ITmAL ity bias (THE)
testing, and highly accelerated stress test (HAST) testing. Certain embodiments of the invention have
other advantabe<ifhademisArd ePiripricernst hesatinehGEEH M0\ PPRE U AAYSH &S RiEsecome

apparent to thosergkilleeintheiritcfrRnacreadipgnafgheifoliembac-eataited deseriptianwhendaken with

reference to the accompanying drawijngs. BRIEF DESCRJPTION OF THE DRAWINGS FIG. 1 is a partial
Cooes sectior PRI o o d PR AU TR e A Do LI TP Wedositng &

passiva_ltion Iayéﬂaimd#o@mmearhbmmpaﬁwmmm afk t@_tsméseage @ftrtbctituteguﬁeﬁl Grc;liafter forming a
protective moat thexgin 1. AGEOHARNAE, It ABeMRAAEREA A g RISTRAL INVGBUPR: Daving a

semiconductor device, and includes an intermetal dielectric layer over the substrate and the
semiconductor device. A metal wire is above the semiconductor device and in contact
therewith and a passivation layer is over the intermetal dielectric layer. A bond pad is
connected to the metal wire. A protective moat is through the passivation layer and the
intermetal dielectric layer, and is located between the metal wire and an outside edge of the
integrated circuit.

Failures have been essentially eliminated during package-level autoclaving, pressure
cooker testing (PCT), thermal humidity bias (THB) testing, and highly accelerated stress test
(HAST) testing.

Certain embodiments of the invention have other advantages in addition to or in place
of those mentioned above. The advantages 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 partial cross-sectional view of an integrated circuit in an intermediate stage
of manufacture after depositing a passivation layer and forming a bond pad therein;
FIG. 2 is the structure of FIG. 1 after forming a protective moat therein in accordance

with an embodiment of the present invention;



FIG. 3 is a plan view of the integrated circuit incorporating the structure of FIG. 2; FIG. 4 is the structure
of FIG. 2 after depositing an additional passivation layer over the passivation layer and into the protective
moat in accordance with another embodiment of the present invention; FIG. 5 is the structure of FIG. 4
after patterning and etching the additional passivation layer to partially expose the bond pad in
accordance with stiffléndtitey Banbieineé Howita gt doregshinigwepong IGstectimsreliis sliown the

structure of FIG. 4 affgr paltgrningand 6?@1‘1@92@&@6‘&’&599%% RASIYALARN lﬁéé@fv&?i&l'iﬁy%}(%%ﬁ a bond pad
in accordance with another further embodiment of the present invention; FIG. 7 is the structure of FIG. 4

after depositiHy BAIRABPhEYERAMLIR s RS0ISF e mRsifattaPiiaBsh 4tiBATaiRsr SRAAN 5 Wbtective
moat; FIG. 8 ikcthestitieiunaioh;F1G. 7 after patterning and etching the further passivation layer and the

additional passivati er to partially e et%; bo ad in accordance with another further
cmbodiment of the ot RSP G 2 e e arEre e o TR M e
further passivaxisrio lpgieebndxiprscadidibondippdssivespotniayerith ftllaasbosenhedyoeirl pad caccordance
with anotherjutherprkediment of the present invention; FIG. 10 is a partial cross-sectional view of an

integrated circuit in an intermediate stage of manufacture after de{positing a passivation layer thereon;
FIG. 11 is the structlfé & FRereoisaBr Yo iinh g R Protetlive tndattive retcrieg 1dictHingieture of FIG.
11 after depasitingan pdditianal passivationy layeseoy eobildepphssivaiivdalayewainddotetamatective moat;

FIG. 13 is the structure of.EIG. 12 gteré)%grning and etching the additional passivation layer and

forming a boﬁajpadnt]ﬁrétrglfr%?%ﬂ{?sﬁ? 14188 flow chart for the method of manufacturing an integrated

circuit in accordandd@ithiahesttvetirnef FdtHeafirs senoirivenidwIBE STSMODE IBEOROGARRYING OUT

THE INVENTIQNi 4005 QU iR e (e SeiRt o #g@g[wﬁéggcific details are given to provide a thorough
understanding of the invention. However, it will become apparent to one skilled in the art that the

invention may be pfatticb# WithtiHcthesse’ dfkifi Ut RILCTAI S dor tof YRsd s REHsRgassivation

layer and the additional passivation layer to partially expose the bond pad in accordance with
another further embodiment of the present invention;

FIG. 9 is the structure of FIG. 7 after patterning and etching the further passivation
layer and the additional passivation layer to fully expose the bond pad in accordance with
another further embodiment of the present invention;

FIG. 10 is a partial cross-sectional view of an integrated circuit in an intermediate
stage of manufacture after depositing a passivation layer thereon;

FIG. 11 is the structure of FIG. 10 after forming a protective moat therein;

FIG. 12 is the structure of FIG. 11 after depositing an additional passivation layer
over the passivation layer and into the protective moat;

FIG. 13 is the structure of FIG. 12 after patterning and etching the additional
passivation layer and forming a bond pad therein; and

FIG. 14 is a flow chart for the method of manufacturing an integrated circuit in

accordance with an embodiment of the present invention.

BEST MODE FOR CARRYING OUT THE INVENTION

In the following description, numerous specific details are given to provide a thorough
understanding of the invention. However, it will become apparent to one skilled in the art
that the invention may be practiced without these specific details. In order to avoid obscuring

the present invention, some well-known configurations and process steps are not disclosed in
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the present invention, some well-known configurations and process steps are not disclosed in 3 detail. In
addition, the drawings showing embodiments of the apparatus are semi- diagrammatic and not to scale
and, particularly, some of the dimensions are for the clarity of presentation and may be exaggerated in
the drawing figures. The same numbers will be used in all the drawing figures to relate to the same
elements. Théeteitm "Horigdrian dbusbavnegeintisvdetineahedinpitneipaballepporatsulsseramor wafer. The

term "verticaljifgfermiRia SILFS0n RETPEREIGHIAEIRHe BRIZANIRI @mikslodefieed: detmsicpeeh as "on”,

"above", "below", "bottom", 'top side", "higher", "lower", "over", and "under"”, are defined with respect to
the horizontaP’i‘?P&ﬁ@‘.“?ﬂé“t%Fﬂﬁ‘y'BFO?%H@“%\?JE%Srﬁg}’égrflﬁfgﬁ?déglﬁléﬁB%i‘i‘i‘HﬂbﬁfWépe'?Fa?ﬁdphotoresist,
patterning, expasule deteviatofipaesntietdhiad, tleanirglaneior removal of the material or photoresist as

required in forming f\%deiscrib%g sfructure. The term "forgéﬁ?lgc'las usqd herei j}:}cludegsprrcgcesses such as

. . € F&m EZ as use erein 1S as a g anesparahe O a SlL(l ate or .
depositing, growing, building, chemically combining, or other processes, which are known for forming

layers, films, wpidrstrdditesn Refevidplg mefwrtdFrGdiredirireprpshoa 40 eebearsdtelrasiiuso0 in an

intermediate gigga orARWAGTUE: hhe piRgratediGire Ui dRohirckides |igiositpie A02,grperally of
silicon (Si), having a semiconductor device 300 (shown in FIG. 3) in and above the substrate 102. A liner

13

layer 106, geR¥FaiXh Hitide eEdsHegudd Nepestie defossarkb8li@the substrate 102 and has a
contact dielectric layae 168, geterallyca filnsstabrah anitieland:piltiden deposiied tigieaoresidne contact
dielectric Iayera Orﬁhs s%-calslltled bgé:va Os%lién oré[[g}i}rilg coptacts to s ricrglql%légltorf é/igle§ rslglto (gj_shown in
FIG. 3) in thePSubstrate 182 Above the contac m%éc%ncqa)gér 108 are a number of etch op layers 110
interspaced withtonesintnestatalishdoricofMmy) dadpees tetiztmeetaritpe ey affirniteel nanmsdrhefethese layers
are deS'g”at‘%ﬁclﬁcﬂ%ep'r:%%%sé?%@?4@%}39&%@(%&69)&%‘; dhrisEhaiapdane e hbigregenssally of nitride,

carbide or other dielectric materials having dielectric constants generally above 3.9. The IMD layers 112
are of low k cETERTHE: MBI MRH HIeIdEtU e ShStanid o BSBH61 to about 2.5 or ultra-low k
dielectric materials Réthrdigl@cirico Coastamisrbal avlahaliribte e piesiof Mwikadigleetitcinaterials are
polyimide (Plgtg&do enzac tg:llrte):'butene (BCB). Examples of ultra-low k dielectric materials are polyimide
The integrated circuit 100 includes a substrate 102, generally of silicon (Si), having a
semiconductor device 300 (shown in FIG. 3) in and above the substrate 102. A liner layer
106, generally an nitride (SiN) or oxide (SiO,), is disposed above the substrate 102 and has a
contact dielectric layer 108, generally a film stack of oxide and nitride, deposited thereon.
The contact dielectric layer 108 is so-called because it contains contacts to semiconductor
devices 300 (shown in FIG. 3) in the substrate 102.
Above the contact dielectric layer 108 are a number of etch stop layers 110
interspaced with intermetal dielectric (IMD) layers 112. For clarity, only a limited number of
these layers are designated in the FIGs, but the locations are typical. The etch stop layers 110
are generally of nitride, carbide or other dielectric materials having dielectric constants
generally above 3.9. The IMD layers 112 are of low k dielectric materials with dielectric
constants from 3.9 down to about 2.5 or ultra-low k dielectric materials with dielectric
constants below about 2.5. Examples of low k dielectric materials are polyimide (PI) and
benzocyclobutene (BCB). Examples of ultra-low k dielectric materials are polyimide
nanofoams and silica aerogels.
A guard ring 111 is optionally formed by forming metal wires 114 in alternate layers

of the IMD layers 112 are, which are conductively connected by vias 116 in alternate layers

of the IMD layers 112 and in various of the etch stop layers 110. The guard ring 111 includes



nanofoams and silica aerogels. A guard ring | I I is optionally formed by forming metal wires 114 in
alternate layers of the P\41) layers 112 are, which are conductively connected by vias 116 in alternate
layers of the IMD layers 112 and in various of the etch stop layers | 10. The guard ring | | I includes 4
trench contacts 117 to the substrate 102. The metal wires 114, the vias 116, and the trench contacts 117
can be of varitsustceritaitivé hiethis sibshats K@ppEreg @atalalirinrh (d)Yigolbl Gyl ditviserty), etc. In the

embodiment shayy he candustivemaiabikicARReheEGMAR dipst [dis, farmaeraresndstg metal wires
and vias typified by connections 302 connected to the semiconductor devices 300 of FIG. 3. The topmost

layer of the P fADEF{A8% S cAp Prer By A Pactishtish By sP1dush geReriy SORAT staiebiYxide and
nitride. The tejpmost inétahadras e ayapticraliydaise tepifsgl BRgdaecatacher dhereted generally one
of the conduq})igcsaernqetal apd (?|91&iglgl68 gﬁﬁ& ?mbodiment shown, exposed through the passivation layer

118. Referring how to FIG. (5, therein is shown the structure of FIG. | having a protective moat 200

formed therein. Thelprotertivet rioat 200hextdHAdarul it assivation raysrars, leswr tBrough the
various IMD layersil12-and Ik BIRRIBYRI Ritddd, AaWRIMRE Raniant-dinlgelhe ipUshatRthalbe protective

moat 200 may be formed in a number of different manners, but etching may &enerally be used. It has
been discovetEaP AL the) SRR oS Ve Boviaed L5merterieme i adnthelyminimy8rda 12 and the
most benefitsthrodiglr iostivev s bsikatehozshuhd pat dhatiecadts @f iadditional steps to extend through the

liner layer 106 and jhe contact dielectrig layer. 108 should be balanc inst the benefits gbtained.
Reterring nove (0 FI 5 AN 1§ S o Vet o he eCha et e LD ShBg the
passivation layest 208 feregubettiind helnrothetize poirigt AP ox tendsghotaghiviee ipsatv 200 layed Bl Bumber of

bond pa_ds 3QdVa ‘%ﬂ?@ﬂgﬂﬁﬁ&@%ﬁ“ﬁ@@@%@rq eonnected -s@qmmlﬂﬂd&%gﬁéﬁﬁék’&i%%t to the same
processing as the cap ring 120 and are subject to the same processes. It has been discovered that the

protective mdho8 alijidetind Be rPEIRTING THEbatldr MriRsetedHR higPats LEIFRABO will block
cracks 306, wiigheayeinduted: hyathgersingylbdiasepracass usaedie save & haentiegnoidctior water into the

L“Odr:r‘]’é‘:g %' fitnhtg%aggvg'gg Wt et NG ST SR TS RLAPFINE MORL 200 KRS, CIAGKS 308 at the
substrate 102 but that the costs of additional steps to extend through the liner layer 106 and
the contact dielectric layer 108 should be balanced against the benefits obtained.

Referring now to FIG. 3, therein is shown a plan view of the integrated circuit 100
showing the passivation layer 118, the guard ring 111, the cap ring 120, the protective moat
200, and a number of bond pads 304 to which the connections 302 are connected. The bond
pads 304 are subject to the same processing as the cap ring 120 and are subject to the same
processes.

It has been discovered that the protective moat 200 adjacent and surrounding the outer
perimeter of the integrated circuit 100 will block cracks 306, which are induced by the
singulation process used to saw a semiconductor wafer into the individual integrated circuit
100. At the same time, the protective moat 200 diverts cracks 308 at the corners of the
integrated circuit 100 from reaching the IMD layers 112 around the metal wires 114. Further,
it has been discovered that the protective moat 200 will also help to minimize cracking during
assembly and mechanical tests.

With regard to design of the protective moat 200, it has been discovered that the
protective moat 200 works well when it is entirely around the perimeter of the integrated
circuit 100 so that all the vertical edges of the low or ultra-low k dielectric material of the

IMD layers 112 that may be exposed after wafer sawing are protected. It has also been



integrated circuit 100 from reaching the P\41) layers 112 around the metal wires 114. Further, it has been
discovered that the protective moat 200 will also help to minimize cracking during assembly and
mechanical tests. With regard to design of the protective moat 200, it has been discovered that the
protective moat 200 works well when it is entirely around the perimeter of the integrated circuit 100 so
that all the vehieayaaddnbiiheteas breunent Nk ek REridarideckiak ot tad D dRyeranteeRtht may be

exposed aﬁeEiW"&f?rl@@%%&cﬁé@sp&ﬁ’t@ﬁ&%r'It*’@a?aﬁllé‘i@ brema-discanerad that theipretegtive foat 200 will
provide blocking around the entire integrated circuit 100 regardless of whether it parallels the edges of

the saw cuts BEIPH JORIEEN VHriBES1BEatiBlGs ItaltahBesa ishvRsed: Ak Besxagistsverediival the exact
cross-sectionaashaiptobthe qiatestive2000at i @it tasritical ashengoas tive prete2tivesmegt 200 is deep
enough to pratect the low and.ultra-low k dielectri terials. As a resylt, without being. limiting, the
orotectve mAA b iy S S S O R SRS SRR R St
dielectric laydmngingehineiolagierelneatci08miestubat theectrd 2Ryt ng e iherPIBc4lighestgin is shown

the structure Qf &G, thafigrdernsiing an AddiienakpassivasioalaxerA0Bswhichys optional, over the

passivation layer 118 and into the protective moat 200 in accordance with another embodiment of the
present invention. 'ﬁfée%ﬁiHBWéPp%géif}a%ﬁefayéFWﬂﬁ Be'dygyeh B maiteridrrsEiradhitride or
oxide. It has aigioidaepafeivaddinatyundupedisiticospalass/siliean: pijkidea (idoaySiN) Osmsiliconhe
nitride/undoped silicon glass/silicon nitride (SIN/USG/SIN) multilayers are also suitable. It has been
Ciscoverect T ST e A S S T e S PR ARt SRt or low o
ultra-low k diefiittidoad @eicesexplsed4dvightsumidity oé avirganab sish @uiterdften axidistdidiaseeps

bet_ween the top, ”\ﬂE%ﬁan%&&ztﬁﬁd Hﬁ%oﬁ’é%ﬁs:k\fﬁé&ﬂ | MEJ/&H&BO GAHEE dﬁﬁ%@ﬁ@@@o%f’r Qubhles i_n_to
which the conductive material of the metal wires 114 diffuses and causes short circuits. The additional

passivation |&V&KA00deRsddd ISR B ushic e E AR N AGEY DN h B SR EEESAB A8 fn autoclave tests,
the failure rate of lanhksusiag dntegeatedmair priis dias the andiaing @asiioitido h38o 400terapplying the

additional pagsivation Jayer 400/nto the proteetive mpal 200, the fallure ot dronped 1o 096, Referring
now to FIG. 5 thefein Is Shown (ghe ST:ucture of g?gn]z aer paterning ard ec?cthlnggﬁm 2ydibonal
passivation |aypsird00ersspartiaily exfposenhistoesp yveaps 100vigea régiolep IMD layer 112 and the
passivation layer 118 to cause delamination or bubbles into which the conductive material of
the metal wires 114 diffuses and causes short circuits. The additional passivation layer 400
needs only to coat the vertical edges of the protective moat 200. In autoclave tests, the failure
rate of low k using integrated circuits has been between 10% to 43%. After applying the
additional passivation layer 400 into the protective moat 200, the failure rate dropped to 0%.
Referring now to FIG. 5, therein is shown the structure of FIG. 4 after patterning and
etching the additional passivation layer 400 to partially expose the cap ring 120 in a region
500 in accordance with still another embodiment with the present invention.
Referring now to FIG. 6, therein is shown the structure of FIG. 4 after depositing a
further passivation layer 600, which is optional, over the additional passivation layer 400 and
in the protective moat 200. The further passivation layer 600 may be a spin-on material such
as a polyimide, benzocyclobutene, or low k dielectric material. The spin-on low k dielectric
material of the further passivation layer 600 will completely fill the protective moat 200 and
cover the surface of the additional passivation layer 400
Referring now to FIG. 7, therein is shown the structure of FIG. 6 after patterning and

etching the further passivation layer 600 and the additional passivation layer 400 to partially



500 in accordance with still another embodiment with the present invention. Referring now to FIG. 6,
therein is shown the structure of FIG. 4 after depositing a further passivation layer 600, which is optional,
over the additional passivation layer 400 and in the protective moat 200. The further passivation layer
600 may be a spin-on material such as a polyimide, benzocyclobutene, or low k dielectric material. The
spin-on low kediwiectiiccamatriblbithectivthélpagsiatortayish sovhwilfuteplatedifiibaefthotective moat
200 and covgf.the swéagsnof the additional passivation layer 400 Referring now to FIG. 7, therein is
shown the structure of FIG. 6 after patterning and etching the further %?ssivation layer 600 and the

additional passivatiShiRij8F 20 18 bl uSiiP e aRio g e Be syt G fegfish P H s dance with
another furtherckimbddirmericofpiheivpriesdaydnentianl RefatdingradwatoiFmn8atlkersin s shibyvn the

structure of Fic 6. after patieriing nd. SigHAghe Luiherpassivalien IXRL00%apd (e adglitional
passivation layer 400 to fully~expose tie cap ring In aregion in accordance with another further
embodiment prethet presaa-invention. Referring now to FIG. 9, therein is shown a partial cross-sectional

view of an integratedcitgiit 9Q0 i3 andntermggiate;stags.af manwiactise afterHepositingrapassivation
layer 902, which is optional, thereon. The passivation layer 902 covers the top IMD layer 112, as well as
the top metalWigHaheciresie A hawW Rl Elesialg st Qinme iR AL < ATRASHINSF FRES Sy &Y forming a
protective maagctG0Q, thaiehnis Tpe roieti¢enm Oaic 1200 exiendsdheoaghibe passivand iigyer 902, down
through the Vﬁr&ogssvlvr\/!)%é%grts 11%2t;ﬁnd th?lgych stop layers | 10, down to the contact dielectric layer 108.

The protective moat i ma;c/)%e ormed in & number of different manners, but etching may generally be

used. Referring no¢ée i, now teekdin iskisramntfre sberwotthre viciGe 9hfikr. dbpbsitiogang additional

passivation | &%&%Qomw;ﬂi%_dé %&iélﬂ?"@hé%x‘iﬁl@cﬂ@é%ﬁ(ﬁ}i%d@}’é%&&@g CINSH Qh&hﬁa&fi%%%ﬂVe moat
1000. The additional passivation layer 1100 in one embodiment is similar to the passivation layer 902 of

FIG. 9 and bt Y rdviththsorsnhs SindruscBAPitedses brofrdides sichstodeysetding o o FIG. 12,

therein is shawndheastraetuceiofifiés . 19aftehpati@ening andt 1000 may be formed in a number of
different manners, but etching may generally be used.

Referring now to FIG. 11, therein is shown the structure of FIG. 9 after depositing an
additional passivation layer 1100, which is optional, over the passivation layer 902 and into
the protective moat 1000. The additional passivation layer 1100 in one embodiment is
similar to the passivation layer 902 of FIG. 9 and blends therewith to form a single coat in the
protective moat 1000.

Referring now to FIG. 12, therein is shown the structure of FIG. 9 after patterning and
etching of the additional passivation layer 1100 and forming a cap ring 1200 on the topmost
metal wire 114. Also shown in FIG. 12 is an additional metal passivation layer 1202, which
is optional, to provide mechanical strength to the structure.

Referring now to FIG. 13, therein is shown a flow chart for a method 1300 for
manufacturing an integrated circuit in accordance with the present invention. The method
includes: a block 1302 of providing a substrate having a semiconductor device; a block 1304
of forming a an intermetal dielectric layer over the substrate and the semiconductor device; a
block 1306 of forming a metal wire above the semiconductor device and in contact therewith;
a block 1308 of forming a passivation layer over the intermetal dielectric layer; a block 1310
of forming a bond pad connected to the metal wire; and a block 1312 of forming forming a
protective moat through the passivation layer and the intermetal dielectric layer, the

protective moat located between the metal wire and an outside edge of the integrated circuit.



etching of the additional passivation layer | 100 and forming a cap ring 1200 on the topmost metal wire
114. Also shown in FIG. 12 is an additional metal passivation layer 1202, which is optional, to provide
mechanical strength to the structure. Referring now to FIG. 13, therein is shown a flow chart for a method
1300 for manufacturing an integrated circuit in accordance with the present invention. The method
includes: a block 13¥hilsftheauigitiépa kasdxsradesraibiedyia semisiod vcidradweriEic &dsloarde304s of forming a
an intermetal diglegiiic laysr aMenthe sHRsiriGandJfhe semicondHciphdenicRilPbbIagk AP & of forming a

metal wire above the semiconductor device and in contact therewith; a block 1308 of forming a
passivation I&§&Ecbdicthinithe At diali ghe it Agreso e dskrptian éFFSFmﬂ%yalbﬁrthﬁ%ﬂf%B%nected to
the metal wiremandealileckhladEznafifosmingiforariing, anpraigatives maathtiisd ugkhthehpasgsitatidn layer and
the intermetal dielectric layer, the protectjye moat located between the metal yire and an outside edge of
the integrated hEa, ST e e DB et ol
is to be undelsiwivgsthet mbhinaeptrstives Msdificetionsnandnvgratorns-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 which fall within the spirit and scope of the included claims. All matters set
forth herein or shown in the accompanying drawings are to be interpreted in an illustrative and
non-limiting sense. THE INVENTION CLAIMED IS: 1. A method of manufacturing an integrated circuit
comprising: providing a substrate having a semiconductor device; forming an intermetal dielectric lavyer
over the substrate and the semiconductor device; forming a metal wire above the semiconductor device
and in contact therewith; forming a passivation layer over the intermetal dielectric layer; forming a bond
pad connected to the metal wire; and forming a protective moat through the passivation layer and the
intermetal dielectric layer, the protective moat located between the metal wire and an outside edge of
the integrated circuit.



2. The method as claimed in claim | additionally comprising: forming at least one guard ring around the
metal wire. 3. The method as claimed in claim | additionally comprising: forming an additional passivation
layer over the passivation layer, the bond pad, and in the protective moat; and exposing at least a portion
of the bond pad through the additional passivation layer. 4. The method as claimed in claim | additionally
comprising: famFAY WEYEHN sdssVAEBrAIayer over the passivation layer, the bond pad, and in the
protective moat; and exposing at least a portion of the bond pad through the further passivation layer. 5.
The method as claimed in claim Iﬁadtdition?alllcl){ com risinr%f%m;pg]a further.ﬁ)assivation layer over the

intermetal dielectricllayer é‘n‘aﬁ%“% e Blr%l}léc vuéur]ﬁoé]t;ma%e ormlnglfhcénﬂgrﬁsd ﬁéd through the further

passivat?on Iayer._GPmN@MMUSHstcﬂmm@iaiﬂeutaimdlmduliticme&ty c_ompris_ing: forming a metal N
passivation layer in4he, pIOtectye moat- e Rmethpdal Manuaciyinganieqralad: chgtil gpmprising:

providing a substrate having a semiconductor devicé; forming a contact dielectric layer of a non-low
dielectric constant dielectif€\i4terial over the substrate and the semiconductor device; 9 forming a

plurality of intermetahgiglectritiayens avelethe cantasiadieledsiccayear ithenpliraibywiintermetal dielectric
layers of at least onge of low dielectric (ionstant aterial ul}r?-l w dielectric constant material, and a

. . orming. a SS1VaL1o, er over the internjetal dielectric la Cr, . .
combination of low and titra-iow dieleic Constant materials; ormlnaa plurality of metal wires above the

contact qlielectric Iaﬁamimgerbomhgwﬂe@nmcmg} madli_a:tai(witavtmiith thg semicondt_Jctor o_levice; forming a
passivation layer ofgf,|6ast, gn& QLR A0 oM QSIPaIIG LORSIRALMRISHA . IRMAiglechif.Gepstant

material, and a combination of non-low dielectric constant and low dielectric constant materials over the
top intermetal dielectric | é@é&fr, the protective moat located between the metal wire and an outside edge

of the integrated circuit.

2. The method as claimed in claim 1 additionally comprising:

forming at least one guard ring around the metal wire.

3. The method as claimed in claim 1 additionally comprising:

forming an additional passivation layer over the passivation layer, the bond pad, and
in the protective moat; and

exposing at least a portion of the bond pad through the additional passivation layer.

4. The method as claimed in claim 1 additionally comprising:

forming a further passivation layer over the passivation layer, the bond pad, and in the
protective moat; and

exposing at least a portion of the bond pad through the further passivation layer.

5. The method as claimed in claim 1 additionally comprising:

forming a further passivation layer over the intermetal dielectric layer and in the
protective moat; and

forming the bond pad through the further passivation layer.

6. The method as claimed in claim 1 additionally comprising:

forming a metal passivation layer in the protective moat.

7. A method of manufacturing an integrated circuit comprising:

providing a substrate having a semiconductor device;

forming a contact dielectric layer of a non-low dielectric constant dielectric material

over the substrate and the semiconductor device;



forming a bond pad connected to at least one of the metal wires; and forming a protective moat
surrounding a portion of the plurality of intermetal dielectric layers, the plurality of metal wires, and an
outside edge of the integrated circuit, forming the protective moat through the passivation layer and the
plurality of intermetal dielectric layers and at least one of: an etch stop layer above the contact dielectric
layer, the contact dileeirica perlier hhdrttayeralidgéacttie lepenaetaidie critariyieleans daronibiation

thereof. 8. The method aSp%%é\'[H?@ﬂ%@ﬁH&aﬁ &dditinralbe cONRisiREs fOUNInG alleask @Bgsaard ring
around the plurality of metal wires including a further plurality of metal wires and, vias extending through

the plurality of intermetal TEREAEIREY Hirlegtis cPRHEINBRIERIG arhtsuphn 8 dstrate: and
forming the protective moattartundithe @icleastanengiadntsring through the plurality of intermetal dielectric

layers. 9. The metth as clai u%ghltn %Itahr%tzle\l)vdlg%g%aw ¢am r{S'Q%g{%E@fQ a further assivation layer of

orming .a Nniac er, 1nterc
at least one of a non-low %IG%CU’IC onstant material, a fOW |e|aectr|c constant material, ano‘f a

combination of non-low dieletisierbimstantaeindilomadielecridesastanicmaterials over the passivation

layer, the bond padsapghinthesPrRRtRa MG Mot Rad 6xPepiNgLalIRa!ARertioshahipeRens pad through
the further passivation layer. 10. The method as claimed in claim 7 additionally comprising: forming an

additional passivation layeP ¥t YEIEHEE FO9HY ABEIE aRdettrtndight ohatarar dislirtislectric
constant material, and a camdinatiod]owitlcavic Lomdiele eiie canstantiandg oneehelactic eonstant
materials over the passiv%io& layer, the bond pad, and in the protective moat; and exposing at least a
portion of the bond pad through the additional passivation layer. 11. The method as claimed in claim 7
additionally comprigerguifgradingdpidichenasteddivatilsastayperodfhet tesalt wines oftd non-low dielectric constant

material, a low dielggtigGOnSIRBRHAE MRl AREA GRIMINALRABH NoNdW Hisiestri capstansiand low
dielectric constant materials over the intermetal _ )
dielectric layers, the plurality of metal wires, and an outside edge of the
integrated circuit, forming the protective moat through the passivation layer
and the plurality of intermetal dielectric layers and at least one of:
an etch stop layer above the contact dielectric layer, the contact dielectric
layer, a liner layer under the contact dielectric layer, and a combination
thereof.

8. The method as claimed in claim 7 additionally comprising:

forming at least one guard ring around the plurality of metal wires including a further
plurality of metal wires and vias extending through the plurality of intermetal
dielectric layers, the guard ring including trench contacts to the substrate; and

forming the protective moat around the at least one guard ring through the plurality of
intermetal dielectric layers.

9. The method as claimed in claim 7 additionally comprising:

forming a further passivation layer of at least one of a non-low dielectric constant
material, a low dielectric constant material, and a combination of non-low
dielectric constant and low dielectric constant materials over the passivation
layer, the bond pad, and in the protective moat; and

exposing at least a portion of the bond pad through the further passivation layer.

10. The method as claimed in claim 7 additionally comprising:

forming an additional passivation layer of at least one of a non-low dielectric constant

material, a low dielectric constant material, and a combination of non-low

10



dielectric layer and in the protective moat; and forming the bond pad through the further passivation layer.
12. The method as claimed in claim 7 wherein: forming the metal wire uses a metal of at least one of
copper, aluminum, gold, silver, and a combination thereof; forming the bond pad uses a metal of at least
one of copper, aluminum, gold, silver, and a combination thereof; and additionally comprising: forming a
metal passivation layer in ddepiiatecctiveirhend diva firdeairot ehpssam@atsars astibernatsivaiing, 13. An

integrated circuit comprising.2 gusiaiadaying aseroteandusior.davice; a contact dielectric layer over
the substrate and the semiconductor device; an intermetal dielectric layer over the contact dielectric

layer; a metal wire S4BV HE F@ﬁ&ﬁé’c"&i‘@féﬁfﬁl&elaﬂ}’éq et roughihe pddLietpiRass BHLRIAEDN layer over the
intermetal dielectricllayer; Ehbatthpadsetanedtad tathe aadtainalirec @ngliaiprotective moat through the

passivation layer aqd the intefrrggtal dielectric layer, tthe protective moat I?catg.d btheen tthe metal wire
. OI'IPI]H% a. rurtner t%%fswatlon j/er_l_ at feast ?ne of a non- OVY 1€lectric cons a&% .-
and an outside edge of the integrated circulit. e Integrated circuit as claimed in claim 13 additionally

comprising: a guard ring argend.tiaelonetheiadrac TOnShRS imesefiakeandircgRabivtivned mookom 13

additionally.comprising: a@i@fé@ﬂﬂ@%h&é%%i%k%ﬂ%&ﬁ@r&ﬂ%tﬁ’ﬁsﬁé@ﬂ% |§Vc§rtﬁ@¢n@?%t9@d' and if‘
the protective moat; and at least a portion of the bond pad is exposed through the additional passivation

layer. 11 16. The integratéttrEi A bRt P HPERTHT S 2RGi#BAally comprising: a further passivation
layer over the passitsaiioiy lgeioit @ ddanebpeacihamak ieipasvateativemoat; and at least a portion of the

bond pad is exposehthroygh the futhen DassvatoN e erein:

forming the metal wire uses a metal of at least one of copper, aluminum, gold, silver,
and a combination thereof;

forming the bond pad uses a metal of at least one of copper, aluminum, gold, silver,
and a combination thereof; and

additionally comprising:

forming a metal passivation layer in the protective moat of a metal of the same metal
as the metal wire.

13. An integrated circuit comprising:

a substrate having a semiconductor device;

a contact dielectric layer over the substrate and the semiconductor device;

an intermetal dielectric layer over the contact dielectric layer;

a metal wire above the contact dielectric layer and in contact therewith;

a passivation layer over the intermetal dielectric layer;

a bond pad connected to the metal wire; and

a protective moat through the passivation layer and the intermetal dielectric layer, the
protective moat located between the metal wire and an outside edge of the
integrated circuit.

14. The integrated circuit as claimed in claim 13 additionally comprising:

a guard ring around the metal wire.

15. The integrated circuit as claimed in claim 13 additionally comprising:

an additional passivation layer over the passivation layer, the bond pad, and in the
protective moat; and

at least a portion of the bond pad is exposed through the additional passivation layer.

11



17. The integrated circuit as claimed in claim 13 additionally comprising: a further passivation layer over
the intermetal dielectric layer and in the protective moat; and the bond pad through the further
passivation layer. 18. The integrated circuit as claimed in claim 13 additionally comprising: a metal
passivation layer in the protective moat. 19. An integrated circuit comprising: a substrate having a
semiconductor devite; a cOmategidksctiieuihye cloinedohdevndidrdsiioradhystempdiedgctric material over

the substrate and thegamicendusiRmdayices dplialpy.atinisrmsial dirlaghie |ayers.aver the contact
dielectric layer, the plurality of intermetal dielectric layers of at least one of low dielectric constant

material, ultra-low dielectrREUEHSEMAa8ial and a combination of low and ultra-low dielectric constant
materials; a pluralityitaéaetabwice o &dhe verith addn tagbskie leetiigHaye fuitiarpanhadteddyyvias, and in

contact with the serpjcondyielor deviee: anassivationdayer, ol ab least o of.aonsiow dielectric constant
material, a low dielectric constarit material, and a combination of non-low dielectric tonstant and low
dielectric constant rihdtetialspesayatentbpydntevendal idietectat dijestris boind pudiedhhetedtiveat least one
of the plurality of metal witgs,aRga protective moat surrounding a portion of the plurality of intermetal

dielectric layers, the plurality of metal wires, and an outside edge of the integrated circuit, forming the
protective moat thrdBgRoHEPRALERE LRI AYERL RIHE RN RIS of intermetal dielectric layers and at least
one of: an etch stop $ayer ailome:thaccvitadt eieliantied layennthie eoditastatieteaifdsiayer, a liner layer

under the contact diele(%tliic IaS){er . anf:l a corﬂlbinat{'on. there?f. 20. The integrated circuit as claimed in
a metal pas a ayer 1n the protectivi O

claim 19 additionally com rlsm‘é:ﬁfﬁ at feast ore guaro? nn}lél around the plurality of metal wires including a
further plurality of ridtal wirestggrdtoibeertermimg tnugh the plurality of intermetal dielectric

a substrate having a semiconductor device;

a contact dielectric layer of a non-low dielectric constant dielectric material over the
substrate and the semiconductor device;

a plurality of intermetal dielectric layers over the contact dielectric layer, the plurality
of intermetal dielectric layers of at least one of low dielectric constant
material, ultra-low dielectric constant material, and a combination of low and
ultra-low dielectric constant materials;

a plurality of metal wires above the contact dielectric layer, interconnected by vias,
and in contact with the semiconductor device;

a passivation layer of at least one of a non-low dielectric constant material, a low
dielectric constant material, and a combination of non-low dielectric constant
and low dielectric constant materials over the top intermetal dielectric layer;

a bond pad connected to at least one of the plurality of metal wires; and

a protective moat surrounding a portion of the plurality of intermetal dielectric layers,
the plurality of metal wires, and an outside edge of the integrated circuit,
forming the protective moat through the passivation layer and the plurality of
intermetal dielectric layers and at least one of:
an etch stop layer above the contact dielectric layer, the contact dielectric

layer, a liner layer under the contact dielectric layer, and a combination
thereof.

20. The integrated circuit as claimed in claim 19 additionally comprising:
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layers, the guard ring including trench contacts to the substrate; and the protective moat around the at
least one guard ring through the plurality of intermetal dielectric layers. 21. The integrated circuit as
claimed in claim 19 additionally comprising: a further passivation layer of at least one of a non-low
dielectric constant material, a low dielectric constant material, and a combination of non-low dielectric
constant and low digléaticoedastehtingaonaistoyelunbtp at sivtdiorikayeelufias bdndhsadliaddin the

protective moat; and at legst,a RPHIAR of dheend Rad i exRased Hakgh e dHither Aassivation layer.

22. The integrated circuit as claimed in claim 19 additionally comprising: an additional passivation layer of
at least one of a non-low RS QBAEEAR Reltding ndir RLES i KOst s dierial, and a
combination of non+@wpdietectricnoansianhdnbelow @isleotric aonstang ndatergalsieverdhégpassivation
layer, the bond pad, and in EQI%] Pr t&%}i\é%ic aa(t:'lrsand at least a portion of the bond pad is exposed through
the additional passivation ]I%yer. 3. The mteérat’ed circuit as claimed in claim 19 additionally comprising:
a further passivatiollayerldfantiesaaicd sawitandass dicleoid edastenidlmeranalsinglow dielectric

constant.material, aa[‘fhﬁlﬁ%‘a@ﬂ?@ﬂ% QIy@PGf'&WeQ&?@fé%@ Lonstant and-ew diglegtricsangtant materials
over the intermetal dielectric layer and in the protective moat; and the bond pad through the further

passivation layer. 24. The!fteGiESUEiIRUMAY dRaTEt if anfaBErs;Piime et diks tees a metal of
at least one of copper, alurenstan, gdlthsiliersdatid @neambinadtons these ol hesbarnidphgaises a metal of at
least one of copper, alumil?unr@ g (ﬂlﬁl Iy ang aivcombinatié)n thereof; and additionally comprising: a

e

Id
. . , t )
metal passivation layer in I‘OC?G%:]}IVG moat of a rﬁé?g OP {]he same metal as the metal wire. 13
at least a portion of the bond pad is exposed through the further passivation layer.

22. The integrated circuit as claimed in claim 19 additionally comprising:

an additional passivation layer of at least one of a non-low dielectric constant
material, a low dielectric constant material, and a combination of non-low
dielectric constant and low dielectric constant materials over the passivation
layer, the bond pad, and in the protective moat; and

at least a portion of the bond pad is exposed through the additional passivation layer.

23. The integrated circuit as claimed in claim 19 additionally comprising:

a further passivation layer of at least one of a non-low dielectric constant material, a
low dielectric constant material, and a combination of non-low dielectric
constant and low dielectric constant materials over the intermetal dielectric
layer and in the protective moat; and

the bond pad through the further passivation layer.

24. The integrated circuit as claimed in claim 19 wherein:

the metal wire uses a metal of at least one of copper, aluminum, gold, silver, and a
combination thereof;

the bond pad uses a metal of at least one of copper, aluminum, gold, silver, and a
combination thereof; and

additionally comprising:

a metal passivation layer in the protective moat of a metal of the same metal as the

metal wire.
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