| NTEGRATED CI RCU T W TH PROTECTI VE MOAT TECHNI CAL FI ELD The present
invention relates generally to integrated circuits, and nore specifically
to protective structures around integrated circuits. 5 BACKGROUND ART
Integrated circuit technol ogy has been progressing rapidly to the point
where integrat edIMTE%AEEB&@%WEW‘ﬁH ﬁWTEﬁ:ﬁX\E ﬁ%ﬁl stors are
possi bl e in such products as cell phones, televisions, and personal
conput ers. However, as nore and nore conpl ex products are devel oped, even
nore rapid 10 devel opnent of new technologies is required to reduce the
si ze of ECHNNIAJuBIEL? ansi stors, nmenory units, and their connections, and
to change the materials used in the manufacture of integrated circuits.
For exanpl eThaevaenitiecdmnioh ogites ghavaly techiedettddecndg shagnarhepspamilpgs  of
conductive |ines below 0,13 um and changing the materials being used from
convenPFﬁﬁﬁWeS%WﬁWFﬁﬁWWB@HHﬁ%?%&CWFPW'siIicon di oxi de dielectric layers
(Al/Si @) conbinations to copper 15 conductor with [ow or ultra-I| ow
dielectric constant material (Cu/low or ultra-low k) systens. Wth the

i nt g odpidonroUND/Aow or ultra-low k systens, reliability issues never
seen before have occurred. For exanple, noisture attacks have occurred
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the integrated circuits du%in t he wafer dicing process and that noisture
coul d PERRSS BIEIS{UB AP RBAAORIPY LY acks  al ong the conductor and | ow k
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failures of the integrated circuits.” The noisture failure problens becone
norie prdevelomnéentwifereva liechaelbeias ks déqulited ttp i reducSthareizsr ¢lainglivadenl uwasistossause
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i ncl ude d%lanination between the dielectric layers containing the netal
wires ©f nordvevelinesi islave OB ayd ekangingDhy matialsieingpsd dgpm sgwientighg 30
Copper ulfltli_ngxinfcfolﬂaiil&cr)]r \%Itﬁ %ﬁic&g%ioq(?cieaﬁgl%@&ljcqﬁ%?& FMF’S%OQ) combinations to copper

15 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.

20 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

25  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 dielectric layers

containing the metal wires (intermetal dielectric layers (IMD)) and the capping layer, and

30 copper out-diffusion after the delamination occurs.




1 Solutions to these problens have been | ong sought, but prior devel opnents
have not taught or suggested any solutions and, thus, solutions to these
probl ens have | ong eluded those skilled in the art. D SCLOSURE OF THE
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i ncl udes n erneta dieléctric layer over the substfate and the
sem conighseklitledlevtheart. A metal wire is forned above the sem conductor
device and in contact therewith and a passivation layer is formed over the
internetal dielectric layer. A bond pad is formed connected to the netal

wire. A 10 protective no it i I } ion |layer is forned

t hrough t he passivation ﬁ%§%ﬁ1§ﬁ§Ré§ﬁ§¥$hégﬁﬁgfg- dielectric layer, and is
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Cert ai npephodideat&iof the invention have other advantages in addition to
or in place of those nentioned above. The advantages w || beconme apparent
to those skillheepfesomt tikentipn prosdesy anindegraladiciiguibPravidest bsusilsghaérsrl ed
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depositing a passivation |ayer and form ng a bond pad thereiq; )
therewith and a passivation layer is over the intérmetal dielectric layer. A bond pad is
connected to the metal wire. A protective moat with a sidewall passivation layer is through
the passivation layer and the intermetal diclectric layer, and is located between the metal wire
and an outside edge of the integrated circuit.
20 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

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

accompanying drawings.

BRIEF DESCRIPTION OF THE DPRAWINGS

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;
30 FIG. 2 is the structure of FIG. 1 after forming a protective moat therein in accordance

with an embodiment of the present invention;




30 FIG 2 is the structure of FIG 1 after formng a protective noat
therein in accordance wth an enbodi nent of the present invention; 2 FIG
3 is a plan view of the integrated circuit, incorPorating the structure of
FIG 2; FIEIG4 jsq nlpevisvrafdheinggsredimuitinggrpentigg Bsstistiy A 19ddi t i onal
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FIG 8 is thgsskhdtlewiRcRle 5f B8G.6 atdralepPatib£h Mifitr paskivtichingr oher fur t her
passivation layer and the additional passivation layer to fully expose the

bond padditionalgessidéding dayar aid intBe predichee Mgkt her enmbodi nent of the present
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passi vahjepand Baiddibeanennsivitliod lakd td fartifiey stgode tierndfpaliaccOrdahtewithor m ng
a protective noat therein; FIG 11 is the structure of FIG 10 after

deposi tanplenfirthagnebosiapnied s vratenbvei®s 20 over the passivation | ayer
and into the,pretecti ' . . Of fter
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FIG. 10 is the structure of FIG. 9 after forming a protective moat therein;

FIG. 11 is the structure of FIG. 10 after depositing an additional passivation layer

20 over the passivation layer and into the protective moat,
FIG. 12 is the structure of FIG. 11 after patterning and etching the additional
passivation layer and forming a bond pad therein; and

FIG. 13 is a flow chart for the method of manufacturing an integrated circuit in

accordance with an embodiment of the present invention.

25 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 arc not disclosed in

30 detail. In addition, the drawings showing embodiments of the apparatus arc 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.
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that the invention may be practiced without these specific details. In
order to avoid obscuring the present invention, sone well-known

configurations and process steps are not disclosed in 30 detail. In
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an int egigatechagifabiiid 100 in an intermediate stage of manufacture. The
integrated circuit 100 includes a substrate 102, generﬁsl‘l,y of .silicon (Si),
1
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The contact dielectric |ayer 108 is. so-called because.it contains contacts
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i nterspaced w internetal dielectric (IMD) layers 112. For clarity, only
a |im tdediceuiieihofn i BIG. Begethk aylestrsteail@. desi gnated in the FI Gs, but the

| ocations arge typical. The.etch siop layers 110 are generally . of nitpide,
car bi de or d@?‘l’é% @Fe?c?é‘éatqi‘@gﬁ‘étf‘&faé&s lﬁgﬂlﬁga a8t gﬁtc’gi %g&osﬁ%q/é?ﬁeés 116
gener ali} % 30Q¥8yigh RiterhBl hi\él;écl@ygm)lswe@[ 2. %r bawtK oflivel Baited suliBdresti al s
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di elvectthése lapmeteak desgmitechindhe FEes, bitcthe 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 CORAL™ (available

25 from Novellus Systems, Inc., of San Jose, CA), Black Diamond™ (avilable from Applied

Materials, Inc., Santa Clara, CA), polyimide (P1) 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

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

trench contacts 117 to the substrate 102. The metal wires 114 and the vias 116 can be of

various conductive metals such as copper (Cu), aluminum (Al), gold (Au), silver (Ag), etc.

In the embodiment shown, the conductive metal is copper. The trench contacts 117 can be

made of copper (Cu) or tungsten (W). The guard ring 111 is formed around the metal wires
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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

25 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

30 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
discovered that the protective moat 200 will provide blocking around the entire integrated
circuit 100 regardless of whether it parallels the edges of the saw cuts or if it curves in

various locations. At the same time, it has been discovered that the exact cross-sectional




connected. The bond pads 304 are subject to the sane processing as the
bond-pad or cap ring 20 120 and are subject to the same processes. It has
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Ref er r igag@migmioh or HuGbled intd Rei€i thel dngiamws rhdieris tof wled tieel ofirek 1G4 d2ffadks er
depositing an additional passivation |ayer 400 over the passivation, |ayer
1185ana@nd sreses KBo ety | Fae paditionslogpspinatne By erafie nehds Ho 98t hervesiifddi ment
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betxeertdhie i etldidbnil pabsayetios 14yer 60 separtially expose the bond-pad or 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
25  as a polyimide, benzocyclobutene, etc. 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
30 expose the bond-pad or cap ring 120 in a region 700 in accordance with another further
embodiment of the present invention.
Referring now to FIG. 8, therein is shown the structure of FIG. 6 after patterning and

etching the further passivation layer 600 and the additional passivation layer 400 to fully
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par t i aliitgeratep sieuit RO b AR ¥sniate 8i3S¢ Phiansiaetufsatier degr PG pFassyyation
accord bt | Fo@aRd ] ekl hONRNbH Adtal
Refgrr?%{a%@éw ?%éh;lléévag&?%%lrgel n is}Srslfﬁgk0 ti\tkilig Ié}!t;br?l}?%ﬁ%e of FIG IZ a]E%t er
deposi tairegl ld. further passivation | ayer 600, which is optional, over the

addi tional passi.vation |ayer 400 and .in the protect] at, 200. .The
further pas%ie?f’é‘fli’%HOWaS?e&%Bd& 1B’ ah%vm H“—e mﬁré’lr%iof _EFGE%@%@Z THdnEgd
pol yi %ﬂﬁect%ﬂﬁ@&}’ﬁj%bﬂ%ﬁﬂ@’ TRE GorotE B cSRbA Q000! OMerds thRIu@Rtthe Gafiagbhal of
the further passivation layer 600 will conpletely fill the protective noat

200 andayeo962, doven Buefghctbe ofrieuseMRAdaers dhhhrng dssitshastpp hvicrsy b0, dogn to

Referri now . to.FIG .7 rein i hown t tructu .Fl ft-er
patiDer deagpiaiy delceny fyes RAST IF e B8aRoki Dol by FEugl sh ot

addi t i Qp@dreRasainéal bantdhaythadOfhekAlyanisedl |y 30 expose the bond-pad or
cap ring 120 in a region 700 i n accordance wi th another further . enbodi nent

of the pres&sferfingapvitohlC RS drersing showntlee strugfurgof kit lgiaker denoRiGig 28 he

structure..of .FIG. 6. af t i alo g j : pyvation
ayer dugoand e il bRE AR ST O A Rp (1 GR h bpEni i R GRARTRAT 10
bond- pado®r Teapdditiogl bagsivation layegil 0¥0 BOéhel emtadoned anamilat tchthapassheatiofiur t her
enbodi nent of the present invention. Referring nowto FIG 9, thereinis
shown daysaPP? af Figt dsddbends Giearwith {oor 2 aiels topkigtas BRICHVE TRt Y68 i n an

i nt er nedi at tur.e.after it d i J ayer
002 The. pasSarE o el 35, e o RE SR /0 ] SR B 2V T
top nmetall etchinpefHdtaddredrat passyatawlayer RI0G.and Gorntiler omd pal ehmpminghi@ 00

structure of FIG 9 after form.ng a ro tive noat,. 1000 therein. .The
pr ot ectd/Be r?ffé’ﬂ‘_’sié‘%ﬁe‘%’tr‘“eﬂél% ﬁ]f’%ﬁl&r‘f"r{)H’e{:g@ts@l Pty B11iqng g}ﬁtagé’ﬁf‘m%'\%
t hr ough, fhgoyARHRMSs b¥RoAAYS poidmBdnicARstRh s 8 URRthugies. s 110, down to 10

the contact dielectric |ayer 108. The protective noat 1000 nay be fornmed in
a manber of

Without being limiting, three exemplary manufacturing schemes are shown in FIGs.
4.5, FIGs. 6-8, and FIGs. 9-12.
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
25 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 a protective
30 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.
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




di fferent manners, but etching may generally be used. Referring nowto FIG
11, therein is shown the structure of FIG 10 after depositing an

addi tional passivation |ayer 1100, over the passivation |ayer 902 and into
the prstbeicevd mehtaltenpiges, Tedifiatipns, @n@wawww&v%ﬁaﬂ aybm the goirit fngne
enbodi e n (Igs t'hSIHraTg:hll(?ed &gng Aﬂatﬁ{,s\tlté{‘? %étoi%ﬂil[%e Sﬁg‘% 1(:@ 6@4 &coﬁlepgﬂgn | ends
t her ewi*t % oriy'a S|ng & coat rotec Ve moat ng now
to Fl Gdrakdngd fetebdint&pebeavin ah hl@JSSrhtﬁmaiﬂdrlﬁmdfmiﬁh@seﬂsel after patterning

and etching of the additional passivation |ayer 1100 and forming a bond pad
or cap ring 1200 on the topnost netal wire 114. Also shown in FIG 12 is
an additional netal passivation |ayer 1202, which is optional, to provide
mechani cal strength to the structure. 20 Wthout being limting, three
exenpl ary manufacturing schemes are shown in FIG. 4-5, FIGs. 6-8, and
FIG. 9-12. { Referring nowto FIG 13, therein is showm a flow chart for
a nethod 1300 for manufacturing an integrated circuit in accordance with
the present invention. The nmethod 25 includes: a block 1302 of providing a
substrate having a sem conductor device; a block 1304 of formng a an
internetal dielectric |ayer over the substrate and the sem conduct or

device; a block 1306 of formng a netal wire above the sem conductor
device and in contact therewith; a block 1308 of form ng a passivation

| ayer over the internetal dielectric layer; a block 1310 of form ng a bond
pad connected to the netal wire; and a block 13 12 of formng a protective
30 noat through the passivation |ayer and the internetal dielectric |ayer,
the protective noat |ocated between the netal wire and an outsi de edge of
the integrated circuit. Wiile the invention has been described in
conjunction with a specific best node, it is to be understood that many
alternatives, nodifications, and variations will be apparent to those
skilled in the art in light of the aforegoing description. Accordingly, it
is intended to 7 enbrace all such alternatives, nodifications, and
variations which fall within the spirit and scope of the included clains.
All matters set forth herein or shown in the acconpanying draw ngs are to
be interpreted in an illustrative and non-limting sense. 8




THE I NVENTION CLAIMED I'S: 1. A nethod of manufacturing an integrated
circuit conprising: providing a substrate having a sem conductor device;
formng an intennetal dielectric |layer over the substrate and the

seni condUeOYENBIQE\GIeIMERIR ng a metal wire above the seni conductor
device and in contact therewith; formng a passivation |ayer over the

I nt ennet al qi. el eql ﬁlie&loh%¥ ahufa%uﬁilgg? %}t%ﬁg‘tﬁd?ﬁ&if:m&'ﬁd to the netal

wire; and formng a protective noa € passi vation |ayer and the
intermetal gi@lidiog bisebstehf® Haaleyra sehfieonduabeddiieg noat | ocated entirely
around the perinmeter of the integrated circuit between the netal. wre and
an outsi de defgENfan Hﬂéefm?faigﬁhalﬁ%t&% kystcave. ﬁl?. supgigat ot CaseTuFETi n
claim | additiongkly..conprising: formng a guard ring around the netal
wire. 15 3. The nethod as clainmed in claim1 additionally conprising:

form ng an doldiihg omatal passibeat ilersenigredudyedevideaing as sinfat itenewitlyer , t he

bond pad, and .in the. pr.otective at ; and. exposi at least a portion of
t he bond pa OWP%GﬁﬁS%‘E‘EO% °t P AFC 1ptesurigh 1?%ﬁ“‘l°3%’§?’. 4. The method as

claimed in ghaiifp b 1LBAEHAd QALY ROND Hiedl RGic; 21 fornming a further
passivation |ayer over the passivation layer, the bond pad, and in the
protective roming ardotestpussinngf throuighdlsg passiyatien biyendnd: the ety iclesiFiough

the further passivatign layer. 5. The t hod _as cl aj . 0. i mel
addtional Iy conp#icki ﬁ&: PREFH R g™ e &?Cta%?r ‘”gtgg i \a}aotu?%gﬁfgabée}%rﬁ%%e?f e

internetal dieleghtei@tcdayenit 8oehden titehBetalBirpaad &€ bitvide RO of thathtégputeing t he
bond pad through the further passivation |ayer. 6. The nethod as clained in
claim| addition&®ytconprising: formng a netal passivation layer in the
protective noat. 7. A method of manufacturing an integrated circuit

conpri sing: 2.30 pitewaiheiasaclaotsd in gleien hadditignallyseomipsisiguct or devi ce;

forming a guard ring around the metal wire.
15 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:
20 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
25 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:
30 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;

G




formng a contact dielectric |ayer of a non-low dielectric constant
dielectric materi al over the substrate and the sem conductor device; 9

formng a plurality of internmetal dielectric |ayers over the contact
diel ectric [frypmng aphwality|ofinipimajalghelpeitie laystsaaver thel cntact dclegiisrlayessthgt

| east one of | pwpﬂlr%tg%ﬂdt %%Eeﬁl&t&ic %@B%Qﬂlgas‘t’h{é 8¢ oV AL &lie 6bfdidn
constant materi al’, and a conbi nation o oW an ultra-low dielectric
constant mat eri alnsiterlalfudtridlovg dielqltue edristayit ofatenigt, ahd w doadimtioneftdve aodnt act

dielectric layer, int er%onne,ct ed by vi as.. and in contact with the
seni conduct or  deviEelovf GEisFiEG canpPAE A BN | ayer of at |east one of a

nons| ow di elegelinl. & BARRLAN mEBt Qilllabodt thQUhALChRELAICa AN AMnBLET | 3l
and a conbi natio non-low dielectric constant and | ow dielectric

const ant mat eri alby viaseand ineottapt with teremalondectdreleviier 10 | ayer; forming a
bond pad connected to.at, | east pne of the.netal w.res:. . and formng a

o ot ect 1 ve. NUREMEAPEIORTBGH 6T EHEbERT REE Y-t PRECIT CgraP A BP o ¢
surrounding a pongd, ofe@ftrit N&nBlakil #latdrial Ofnd At &iBhalondbE BRI ClibiafaEs, the
plurality of netal wires, and an outside edge of the integrated circuit,

form ng 15 the prongwotianélavodiclechicowykantisatpads pvetthoiop|iniganctalndiclerec
plurality of intermetal dielectric |ayers and at |east one of: an etch
st 018 | ayer above e contact dielectric | ayer, the contact dielectric

layer, a |i ggfniha¥®bndpaesonhbQed @dtagist slicalfeled mbel waygandand a conbi nati on
t hereof 20 8. The nethod as clainmed in claim7 additionally conprising:
forming a gdemeingimgrosechivhdnediesniirely adrpund Bre pesimagtenpt de iiegrafas! greait
further plurality - | _Wi.res i as. endi : h.t lwral ity
of internetal di eSPrerglgr% ﬁ:é %I gyépg,ofﬁ% é]l&ga?léfi&ltfnlg%gﬁa&@ég%&tl$ elgbgeﬁgc%{%t acts
to the substrat e;pl@aldyfodmmbtaigyitdie apt ai enttidv edgoat thaimogdtiet hircait, fbeaisp one
guard ring through the plurality of 25 internetal, dielectric |ayers.. 9.
TheSnet hod as cl gh?réﬂ“@ﬁ“@l A9 7hEyght ﬁ'@nﬁ?qsvaE%p‘PY?i ﬁ@‘f LL%rﬁWWétya Aurt her
passivation |ayer,af,ah Jif8stic M6rsUndat RAG-J0Wrdi el ectric constant

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

25 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
30 fayer, the bond pad, and in the protective moat; and

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




material, a low dielectric constant material, and a conbi nati on of non-|ow
dielectric constant and |ow dielectric constant materials over the
passivation 30 layer, the bond pad, and in the protective npat; and

exposi ng at 10 easThe msdodiasslaghed h@iwﬁhaa‘éﬁﬂoﬂaﬂﬂb@e@ﬂ?ﬂﬁﬂﬁé further passivation

I h I
ayer. %B‘iuérg g nifcfmonal gss({raon[ﬂf gezl 3k a(f T1 e oﬂq{oh 18&8414:1%@%(8 n@xf%%'t ng.

form ng an DASSPVAL Ieast one

di el ectric const anferialted ¢dv alielearit @Wﬂdhiﬂl m@ttaﬁaig agdnstanbinabdrect abp-land a
conbi nation of non-low dielectric constant and | ow dielectric constant
material s over t ﬁ@lwscsi?%ta%ﬁ“d bpvy dhelectrie RRIsEhASAIS aYfd (e Patieyation

protective noat | Lban,of the bond pad through
thetjaddl tional paa?g?\glg%l?oglﬁ ayer lh%?éx%m?ec ge Pref?lod as claimed in claim?7
addi ti onal | yxpeainy dt$éamgt pdraomb fidredohidipahtrroyghsbe sblitionl payentiof lager. | east
one of a non-low dielectric constant material, a |ow dielectric constant

material, and a qoaghidiald Rrldhedancihigws addtichalyeotdprigingonst ant and | ow
di el ectrlc constant materials over the internmetal dielectric . layer and in
the protect f@inpath rthefdparsalml%laﬁfﬁre%éwaﬁafaletqfr%bu@rllﬁ%éh@flfiﬁtfﬂ%?ﬂsfam

passivation | ayemateri‘a% T&g @Eaﬁglc%ﬁstgﬁt%%g?l' Qn&laabéﬂqgilnw Sf Honfl m ng

the metal wire uSes a netal one o0 um num gol d
si liyer, 15 and adidants oaistan ahhébﬁOdwlettﬁbrﬂongamthmatt&nakd pad thisasermetidt al  of

at | east one of copper al um nu gold, silver, and a conbination thereof;
and additi onal | y dicbeadis @V‘?fg'mdf’%F m@te%tl‘f?é’fl%t Hissivation layer in the

protective mpat;, {heaooqg:p% ibudfic rgﬁsjgﬂflatw@fa y&S the metal wre. 13. An

integrated circu t co Ising:” a su havi ng a sem conduct or device; a

contacL o1 5t T RS SRRy g 1, 2o ot e e
metal wre gheveg tﬁma@hﬁvaemsﬁl £meat of & lkay ene ahcbpber, aintiawh, ghérséiwit, h;
15 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

20 as the metal wire,

[3.  Anintegrated 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,

25 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 entirely around the perimeter of the integrated circuit

30 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.

11




a passivation |ayer over the internetal dielectric |ayer; a bond pad
connected to the netal wire; and a protective noat through the passivation
| ayer and the intermetal dielectric layer, the protective noat |ocated
entirely aradond (The igegratedicapuibss ¢elpigmednn élgrfatiéddglﬂ%q}mwﬂwisb@ﬁ ween the

metal wre and.an outsi d f thel TG e

i ntegrated ép ragalitlton%ispaégg?tﬁ)engﬁ?/% %‘iteéﬁlﬁ’% %S%g’}ég%nf ?%%%It%lb%%d é‘i{’s? ngl:I1 thg guard
r: ng arlgungdjt he @ﬁftladtivwnﬁ@g ahd 15. The integrated circuit as clained in
claim additionally conprising: an additional passivation |ayer over the
passi vat i on at kg @ poien Ckfdnﬁ%lbfﬁiﬁhgaddﬁﬁxﬁ%eq Wéou%ﬁrﬂéflioﬁ%ﬂti“i}”@i H?ié‘t"?“éh{ﬁy%& | east
a portion of the bond pad is exposed through the additional passivation

| ayér. 5 166. Thdhemtegrgtstcet acclhimedgn elasn hd adiitiondllyi sompsisyddi ti onal | y
conprising: a.further.passiyvation |ayer oqver t [ [ l.ayer, .t he
bond pad, aﬁ‘dﬁ‘i‘%e’f W@SSIVB&?IS?e%WIV%VeﬁDtgg;paﬁsﬁ\éﬁlé)tn Fg%{g? ﬁ(g b\égzrltl?agh ao? 1{1 h%}gbond
pad is exposed thiaudfvetohetfaabt her passivation layer. 17. The integrated
circuit as claimed in claim 13 additionally conprising: 10 a further

passi vat i on at kpp#ra poviden efifbe pordepades sxpagediteeughitee fuslpar Pasriyation kg
protective noat; and the bond pad through the further passivation |ayer.
18. The i nt égr at dihednteguatett cirsuit haélnistediin cloimilmadditiqaad ]t qommaising: conpri si ng:

t al i i I i h i . . i :
s AETNEE RTINS A T D RIS

dielectric layer yfat.aandon-1ow dielectric constant dielectric material over
the substrate and the sem conductor device; a plurality of internetal

di el ectric Itgylos! naddhroppletheditispasivitieafayce | ayer, the plurality 20 of
internetal dielectric layers of at |east one of |ow dielectric constant

mat eri al, ullBr a- T iclegdatedtainicuit epelgitamt in whine rlB akdditianad lyscopamisingat i on of | ow

and ultra-low djelectri consEant terials;
a metal passivation layet in the protectivé moat.

15 19.  An integrated circuit comprising:
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

20 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;

25 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 entirely around the perimeter of the integrated circuit surrounding a

30 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:

12




a plurality of netal wires above the contact dielectric |ayer,
i nterconnected by vias, and in contact with the sem conductor device; 25 a

passivation | ayer of at |east one of a non-low dje]ectric constant
material, a |ow a8i@festopi @yeorhsvaribe wartapt dielockivdlayere dMbFAPT FiCISFiRoN- | ow

di el ectric constant q{]}g{/ aol%eg'lag)gﬁgﬁ% L c%qgag@&gﬁmthgg;eglﬁd%v(gqn&mfohop

internetal dielectric connecte 1 east one
plurality of netal w rkseofand a protective nmpat entirely around the
perimeter of the integrated circuit surrounding a 30 portion of the

plurality ofyi nt emeBhiebratide)i@eit hi Slamhayian $laidn® agtigioahliy songfrisigt:al Wi res,
and an outside edge of the integrated circuit, formng the protective noat

t hr sugh t he apgused vag i Abepluahiey ehaelsl witss itojuding 7 ﬁf@r‘ﬂﬁﬁ{%ﬁ‘htbﬁl"é msgdlri ¢
| ayers and at | e%a[» oRq \9§g epfrgndﬁgﬁ @%hsthgrf)h.lrQIYt?rofq*?tg}’ﬁetﬁlh&el%gﬂ?ltca}%ers

dielectric |ayer FeCon ner | ayer

contact di el ectritge g@f@hngmmhcﬁngzmmhmahuaom to tH&e;nmn‘ate ﬁﬁ)d The i nt egr at ed
circuit as clained in cIa|m19 addltlonh rls ring
around the phapafictiye Brahyeurd thie eaarditg ¢ Eﬂ“ﬁét I?EHIra ‘?f B eUPgtF‘F‘ElﬁieBtF‘Crret al
wires and vias ex dfe? ding through the plurality of intermetal dielectric

| ayers, the guard ring including trench contacts to the substrate; and the

profective mal around L ek d g LOToHaN o R RLHI AL Bl T Nt er et o

dle EC'[I’IC |nera CII‘CUI'[ as claim 19

addi tional | y; gefpr pShiRatiodlalelr éMﬂea}QﬁSﬁd (Vfafi honldvayitecafc amnslagastitennk aof a
non-|l ow di el ectric constant nateria | ow dielectric conﬁt an terial,
and a comnbi nat i odo#f diglsaUicogprgiagt é*i*ftt‘?fiaé apdhRs PARPINAHE PhwoRiley ediceptsic

constant materi alc%n%Xr?santdhl%wpﬁﬁl%bt\ﬁ@tc’oﬂﬁarllt% fenalh RSer g g@gzonalﬁgex' fhet he

protective noat 'east a portion o I's exposed
through the furt hendpadsindat therprétagterc.mod2andThe |nt egrat ed circuit as

claimed in claim219 additio a{l‘é onpri si nag‘ijltlonal as i vation
| ayer of at 3teRska EO%‘P%@‘E gB 5%@8%?@?8@@9&9@};% it pasﬁﬁ'ta “a | ow
dielectric constant material, and a conbinati on of non-|ow
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

20 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
25 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
30 combination thereof;
the bond pad uses a metal of at least one of copper, aluminum, gold, silver, and a
combination thereof; and
additionally comprising:

13




dielectric constant and |ow dielectric constant materials over the
passivation 20 |ayer, the bond pad, and in the protective noat; and at

| east a portion of the bond pad is exposed through {h addi ti on

passi vat i on? sl passiyationrigyer 1 (g PxRiediveipealiof 248¢a o HEGAT TRETal 45 the
addi tional |y comprd.gijigs a further passivation layer of at |east one of a
non-|l ow di el ectric constant material, a |low dielectric constant material,
and a conbi nati on of non-low dielectric 25 constant and |ow dielectric
constant materials over the internmetal dielectric layer and in the
protective noat; and the bond pad through the further passivation |ayer.
24. The integrated circuit as clained in claim19 wherein: the netal wre
uses a netal of at |east one of copper, alum num gold, silver, and a 30
conbi nati on thereof; the bond pad uses a netal of at |east one of copper,
alum num gold, silver, and a conbination thereof; and additionally
conprising: 13 a netal passivation layer in the protective noat of a netal
of the same netal as the netal wire. 14

14




