; OPe3eHEL. 268T071 ? JA N Z003  TITLE CRACKSTOP AND OXYGEN BARRIERIANRD03
.LOMK DI ELECTRI C | NTEGRATED Cl RCUI TS TECHNI CAL FIELD The field of the

invention is that of integrated circuit processing, in parti ircuits
having | ow K dielectrics and copper netallization. BACKGRCUﬂ@ﬂ@ﬁMM@BMWM’
| NVENTI ON The relatively new field of copper-interconnect i

circuits offers well known performance agvant ages, especially whéHsst he
copper is conbined with |l ow K or porous dielectric nmateri al

anor phous carbon, FLARE and Naroglas, fromAllied Signal anﬁﬂ%ﬂmﬂmwmﬂwm
avai |l abl e from Dow Chem cals. It has been found, however, t

conbi nat i GTBEE materials i s unexpectedly susceptible to corrosi 8%%% om
oxygen. The net hods of bl ocking oxygen used in the prior art have proved to
be ineffective, even though nitride and oxide are good barriers to oxygen,
and an i nprCRACKSEOPOANDI ORIYGHN B\ RIIBROEORILO W -K OVELEPTRICAN THARARYDOF
THE | NVENTI ON According to a first aspect of the present invention, there
is provided a nethod of forming an i ]B§ﬁ§g§d circuit having a continuous
conposite crackstop structure surrounding the circuit elenents including a
set of solid crackstop vertical nenbers and a set of solid crackstop

hori zont alTEIMNECAL KIBBPr i sing the steps of forming a set of active devices
in a sem conductor substrate and connecting the set of active devices to
forma circuit, by sinultaneously formng a first set of interconnect vias
and a firsthesfi¢éldodf shel inderioacis thapolv anédratall ciretiverscassing, ini patichlary eircuifs

porous dielectric; sinmultanequsly form.ng. a first set of interconnect
horizontaﬁmﬁgﬁﬂgwgiaﬁggﬁ“F@P {0 n5¥ﬂb6§Fﬂ'crackstop hori zontal menbers in
a second | ayer of the porous dielectric disposed directly on the first

| ayer of dielectric, the
BACKGROUND OF THE INVENTION

The relatively new field of copper-interconnect integrated circuits offers well known
performance advantages, especially when the copper is combined with low-K or porous
dielectric materials, such as amorphous carbon, FLARE and Naroglas, from Allied Signal
and SiLK, available from Dow Chemicals. It has been found, however, that such a
combination of materials is unexpectedly susceptible to corrosion from oxygen. The
methods of blocking oxygen used in the prior art have proved to be ineffective, even though
nitride and oxide are good barriers to oxygen, and an improved method of blocking

corrosion is now required.

SUMMARY OF THE INVENTION

According to a first aspect of the present invention, there is provided a method of forming
an integrated circuit having a continuous composite crackstop structure surrounding the
circuit elements including a set of solid crackstop vertical members and a set of solid
crackstop horizontal members, comprising the steps of forming a set of active devices in a
semiconductor substrate and connecting the set of active devices to form a circuit, by
simultaneously forming a first set of interconnect vias and a first set of solid crackstop
vertical members in a first layer of porous dielectric; simultaneously forming a first set of
interconnect horizontal members and a first set of solid crackstop horizontal members in a

second layer of the porous dielectric disposed directly on the first layer of dielectric, the



17 JAN 2003 -2 first set of crackstop horizontal nenbers being

-directly above and in contact with the first set of crackstop VEJ§F§§$p2003
.menbers; repeating the steps above until the set of interconnect nenbers is
conpl ete, whereby the set of crackstop nmenbers fornms the continuous
crackstop structure and a final |ayer of the porous dielectric encloses a
final layer of crackstop nenbers; deposizing a cap |ayer above the final

| ayer of dielectric; formng an aperture in the cap |ayer above the
crackstop structure and depositing an adherent netal liner in the aperture.
Accordi ng to another aspect of the present invention, there is provided a
met hod of ﬁrrsjrsati cvfgprmksioptl'@girzamtek:knembcm ibeinlgakis';mgechdimﬁyiabuwmd:immmta'ct with
crackstop stru e surroundin he cjircuit el nts including.a,set  of

o1 d- cr adRs D S5b ot e SiB et FRathaShiergfir ik ert ek BIOHR S 4
nmenbers, fdercenmek hapbas s Cotiptetdewhgrebprii® tef ofroracksiop Arirdietsaksmei theout
cavities extending around the circuit elenents, conprising. the steps_ of

form ng aCQ@NUSHSs grackytap éawteaesan%aa’%b}ﬁyebﬁﬁd& PRTous, Hislsc efeelaﬂeﬁeé@nﬂ%aét i ng
the set of ﬁ?tobfvc?a&%h%émt)&sf HEaﬂBsﬁm%' 14 e tlayepyabévggmlré ?iﬂ&lolé EY of Qlelcht; @

first set i nt erconnhect vi as set of Id cra kstop vertica
menber s i dormifg rant apesiypes lmfthcp@amdsyeaiwé)bmtthq crackstop | strapleiorishg depesiiingy an
first set ter h tal nenbers and a first set of solid
crackstop ﬁ%??ﬁ téﬂﬂ%§ gpgp&%R second | ayer of the porous dielectric
di sposed directly on the first layer of dielectric, the first set of

crackstop horizontal nbers bej di sposed directly a ont act
with the ficeeidinglo agpt Fé%PI?%‘thﬁLQ/gTFF‘?"E Hivepiomb drege ‘Srléﬂ‘élaﬁ‘x f’n&le?’%f ‘gftfsé‘ﬁ’%m&bove
until the,g qhtegfatémel%lﬁpﬁm@ aNRMBRASus &mwmé bR kstdp Stabiird E\ﬁT&@mn@f the
crackstop menbers forns the continuous crackstop structure and a final

| ayer of pneulp@imtﬁir@lt@mg psebRE |S9h<é§ra&k$tma46rtlcaymen@ﬁers:mrélasaewf retder s;
deposi ting, a%%(ﬁg]? hoﬁ¥<§{atalal?18 § efsN el dridsto %a%%'&tu% bs‘ih | Ehdd ﬁa d&ﬁﬁ' &?teﬁ&ls

aperture in the ca er above the cracksto stru ture and depositing an
adher ent mdthelt ba\mws exnlertdlmg apend theecircBR eEﬁn@ESCdah@ﬁlsﬂg e stplEoDRﬁWin@S ,

17 JAN 2003 Fi re,1.llustrat.es,, in rtiall i ct arti I .

S Chomt - o SFiat AL dgvites i Aeifordne @y Pletrafant Diedinadts sl Rbaclis devinsty o
the i nvents edim £tigdtig by sinhlitantadtyeorminiet fist s bf tigtedes €ids sitb disiestof
Figure 3 illustrates arfrlor art cracksto DESCRI PTI ON. OF, THE PREFERRED

EMBODI MENFSlid Regckptop neprieal rginpers 1in ¢ I‘f@ﬁ‘é?%@r ShoRioys gisleciimh gmultpreopsiyer
part of amginiheqr fiedetCos ﬁwr&oméét ﬁ&&ohgp n{e%iﬁerscwgrﬁrstagbt %rfrsgvi/dlamwogd

kerf indicates the region he kerf
center, ahoongrdelimembers mwc@nﬂdam of He norewskdielepiric slisposed dlyec@lwngthecﬂlr&to

b l OCk t he1 e?%?gﬁél%c%(doﬁalg C[fr Cé%? fffr %Trgg J%hg@mh{]ﬁl%fnb@%aﬂ?ﬁ%?m d alpetcﬁ the

y of the& circui I'n ase
I ayer S t habowr andnimt ccmltwt\mwﬂ)emarf&st&dey of brickstem otridalgaambers| yepﬁatiﬂg thlasteps

nunmeral 6. Acros he top.of the Figure, nitride |ayer 20 oxi de | ayer
and ni tri @ROYSBY SLP@ gf?dﬁtﬁ{ﬁoﬂ’éeclt by llshQOIPBEt hepgbyc thectst © ?cra St"p

members forms the continuous crackstop structure and a final layer of the porous dielectric
encloses a final layer of crackstop members; depositing a cap layer above the final layer of
dielectric; forming an aperture in the cap layer above the crackstop structure and depositing

an adherent metal liner in the aperture.

BRIEF DESCRIPTION OF THE DRAWINGS



A netal layer 40, illustratively Al, Cu, or any material formn
bond with Cu, fills an aperture in layer 20 and extends over t g?tdgl\gﬂﬂﬂa
.layer 30 in order to ensure seal i ng agai nst oxygen diffusion. Metal 40
(illustratively Al) has been selected to forma good bond with the materi al
of crackstop elenment 142 (preferably copper) because the interface between
t he coppeguaedlthblbstranesf mhtphdelamlyspacheakamoipartmaliyaskhematic
propagati on. 17. JAN 003 CB% ona I t he agertur ﬁ a smal l,er than
the w df AB¢ %h@OEFaeus9 R EACEARACPY’ RbFCHEESSAPLUFhefnaChPFEE gr £0 as
shown | fhET G ENRBioAN openlng was provided in |ayers 20, 30 and 31 on each
side of the crackstop structure 2', in order to suppress crack propagation
along the interface between the top |ayer of dielectric 10 and the nitride
cap layer 31. Metal 40" over the crackstop and lying within the opening is
optional. This approach provided good protection against cracks, but the
prior ariguwpe poilauBteabést hedetgnlifbcancprefeoxygesmpeachmention through
the low K dielectric naterial. Near the center of the Figure, a conposite
structure, denoted generally by the nuneral 2 and conprising |ayers 112,
122, 13gp; ghfle 142, 5e0¥E82POEN 25108 §£603§58Es€B?UCture and al so as the
prinmary oxygen diffusion barrler To the right of the crackstop, a guard
ring 4, which was the primary barrier against nobile ion diffusion in the
prior art, is now a secondary oxygen barrier. On the right, a portion of
the netal interconnect of the circuit is shown for illustrative purposes.
Bl ock 1gfscreperoRdotoTRE BRNPERRENt BMBODIMEROSNect menber, is a wire
extendi ng perpendicular to the plane of the paper. Via 136 is preferably
forned along with wire 146 in a conventional dual -damascene process. Bel ow
via 1§§fe9£9ﬁ5 126pseheanii cahlyer €pr 8A6WASa apeeﬁhaﬁngeltw@rap%gkt a¥ta
136 form ng an el ectrical connection between wites 126 and 146 11 Copper
menber sochage anteavahedopakcditf ushbnthartpprlefhecorhat, i anndrreWown in

bo | abbtreht 5% Bk Eokhinkredl HUET EpPLeH LY Bl BREhapboEhE harg 02"

struct utgethereale as ﬁhQCkshﬁar$tauebmpes2teTbt3ueﬁtkenfarmy|ﬁﬁs r edundant
protecti on agai nst og%gen diffusion in the event that structure 2 4 17 JA

N Z003 §%aebnpPBmi BE4MaALlyhdepbhath 6P Phack jiFePIBBRIBLL8Pr 8EcfiFacks
schemat tgahl ynthgréhangi stohsardtpdereaRd; gt Betnei pelit oel eABNESrEfat are
conbined to formthe circuit in question. Substrate 1 is a_conventional
senlcoH@H@@b?tQBbgtiatémbﬁﬁﬁadtwathvél? geti ebndiehecbrichéapespl Ehst

addr ess h % S r ers
FTET v ke e e D R R SR S
readily6thrhughsboﬂhk boppofobhenﬁnguralsnahdldbalayaadéQuabaldevéayge by
convent i ona I|n terla s for C i_ntercopnec such_as tungsten,
Tan ot td ERpPORF LR FR hEVPRG2har PROY ARl REPoRYGerCP THEGE R ar r 1 or s
are conagﬂ&ugﬂally used to i nprove adhesion of the copper and to prevent
the copper fromdiffusing away for the interconnect. Accordingly, one
skilled in the art woul d have expected that the liner would protect the
COpper.£VQEEQIYQ§9eE05603 mus%¥ gePeEgNa cae the SﬁgpﬁétQPEleﬁoghiﬁgs'ng
t hrough the I1ner naterla and y passing t hrough ¢tracks, pinhol es

ot her weafiopdi hosd Witths,hépbénsanthpecbpperlnoiaydeszandndrexapndby

o srortr  Bh8 bR RE WAPhRGSSrhf RbSeBnkt: bliprsh BRafRadcePREfe: o™

devi cesorygehodiEduklon. Metal 40 (1llustrat1vely Al) has been selected

to form a good bond with the material of crackstop element 142
(preferably copper) because the interface between the copper and

the bottom of nitride 20 is a weak point for crack propagation.
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substrate 1 in any conventional technique, illustratively CMOS, d
interconnect and crackstop are then forned. Lower |evel intercdtﬁgebéggzga3
*as polysilicon, may be used if desired for the | owest |ayer or |ower |ayers
of the crackstop if 5 17 JAN 2003 they are available. This has the

benefit of rempving the need for a high aspect ratio opening so that the
| onest PRFEPNG1Yopide RS ItedeEh aafe ks |smedd equfdarattde A”égﬂkiQﬁuﬁh$
crackst gp & Wit i B e slowds diesectric is required in order
to avoicgf Iagg(\%?'n 'a"path for loxyé)‘;tn (%o%%trjs%i n. Once the fabrication of netal
i nterconnect is begun, circuit interconnect elenents, guard ring el enments
and crackstop el enents are preferahl || formed sinultaneously. Far

exampl 611 FRBn@ITo E it & (A AR HES & %8 SRR aigs $ey L ded
struct upg nMakiehs 20Nt A0t afd B 1t AN HaThOls iSRUEe t HE dira Xt i@ sudthg esame
mask is used to open apertures at the location of the guard ring and
crackst 8p., R opelefr Lt supbaessnfEACk PrsEageitilicvor loerhehdintiey face

pr ef er ahl t I of r top, (S ent. Al

The quabrirEeh THE' 3P Beles"on e TaRtET B, B, A, ol e BRI
ci rcunf enenceletialt 4O ' pivegr ahed cxackstiop and Nanega widhdenitéie opediiimg st he
transverse dinension. The circuit interconnect is illystratively built up

ina sePP§§°6‘P_1duaIT;h&énﬁ‘?@ér‘i’é‘cé‘pé’rrt%’rlé’se,d igﬁ%ipaet;cstéprbfagm tepdacks,
apertur gt RRW PG iWras r@n Wahe lodveival RV e)r and Wiles ke WPkl , are
formed in a dielectric layer in a conventional process. The liner "layer is
deposi t Penetd atienc dpgpenudhs thised ow—K Idied egitirti ciedler igdef er abl y
electroplated, in both the vias (and vertical crackstop elenents) and in
the horizontal wires. Wien the interconnect formation process is conplete,
t he crabksatrothet cetitere o, thenFistureg ef cadpersiatee sitayersiref, hienoteat al
crackstop ne rs_having a wwdth that is not necessarily that of a wire in
the cir 8GRELARdYs EYs ThE PyEET 'fePWdtﬁﬂQPqH§Hﬁﬁﬂ&%xer %ﬁ%ﬂi%%%' ﬁé@bers
preferabig @42 Lerde® No2003 shaHa@ rbh& SN SHeist e QNS Lhsvitde The
use of nultiple vertical nenbers is not esSential, but provides redundancy.
I n the Pringtyacxyeeansddifivedion biseniiedt-h g webaight22 fakdiel 4T aickstop,
illustratiyel d i t - i.n.gr. 1 1 ar e
11 ust r o Poard PLEGTY, M3 s Wl 3ot Bt olinat st ey

st ruct ude ffesusad iandtha eirieu tardesiigneowray s econdesiyr ety geak daaldietrthe

el enents_of .t he .crackstop the sa i dt h; as .is done for the quard rin

The guaPl FRitg GO | B BPEEATE Pmids OF thanBaESIRaPRre T id dhife Treaidger se
w dth, HB ehdem tferPHAVEE ratikey @threlosels . Caloemndust i welfier rleld Wd lasbe
connected to ground or to a positive voltage, depending on which polarity
of nobi PETAERS tee 1BESTFRBRSSte eI dpdl WARE WICERPATarierpendigadiares
to attragt the Phenduadird chieNgapeRl.i ORAll Y3¢l HE %'i%rf@rra'b'l YA 8 1Re same
tapered width Structure. Referring nowto Figure 2, there is shown a“det ai
of a poriitdnwifrea ldbadksteogonvendtignal Bluedkdarasteng papgess-opBiedoa |y,
pol ysilicqn it or, ,OXi |_- e ructures 112-2 and 112-3
are eachggogﬁgd %&g%kalﬁ%df%%%gggﬁgﬁégg?ﬁ% 5%%&%%ﬁr§ %ﬁ%& P§%§I "Beéféw. The
reason fatht biia i1Se6t Hatrmielgt @am leileert rd@adr aganeatta@h by tiwve efRiwitraisnad eand
weak points for Oéﬁﬁ?n diffusion in ;g the crackstop material.are avoi ded.
Thus, iﬁnghé4ﬁrgf e&ogﬁﬁﬁdpﬁgﬁffse. Welév€PnW§Pﬁ&8€a§uﬁﬂﬁéFéﬁPPy nar r ower
than thgapreeedilngednenahati st ARt REWWnARKe thes ahlareant rof lsay@ns cwichl, not
expose such a |l ower corner. For exanple, if the 3a tolerance in alignnent

i s 0. luBetieen shREuGhHpEes dyandndl thsse dss at Hah teReboswdabledyed By thazum

Those S%Eh@ﬁ%tﬁ%aﬁﬁ? %@bf@gént%DQEP%kﬂa%n%EageE%%d%@&e@E&%%tare the same
as crackstop structure 2. This option provides redundant

protection against oxygen diffusion in the event that structure 2
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17 -JAN 2003 applies to many dielectric materials and to nmany corrosive -

‘materials, not just lowk materials and oxygen and that not al! QﬁA@igOUS
interlayer dielectric materials need to be the sane. Further,

many ways to forminterconnect - separate formation of vias and filling the
vias, followed by fornatlon of horizontal interconnect nenbers; etching
vias fi &6t copprrBkegdby et ching horizontal and sinultaneously filling thene

etching the horizontals first, followed by the vias, etc. Further, the- use
of a dual -danmascene technique is for cost reduction and is not essential.
Wi | e t A¢ itheebbitapmhas MheangaweLbbdxiﬁ trepmesehta sichghetprceflidyr ddhe

nbodi t, th ski,l 1 t h rt I he i I,
o pr a0 EPEBA-PROFr | BFEr PG LAFEnF AEEHS Co PR Sid Ceabpa=6r Cog ped

foll ow Rg ¢baMeheB8cirdhid AnNgd@E3io8.CLAUNBtYEtE! ai Ak 3. cOnfehiiednafl
form ng an integrated circuit having a continuous conposite crackstop

st r uct usemggondusdomg subs teiateui tlaLsvatd veayl gdligoa .set of solid
crackstop vertical nenbers and a set of solid crackstop horizontal nenbers,
conprising the steps of: formng a set of active devices in a sem conduct or
substratee atidthenpeobilegssaddreatsedf bgcthie deveoedonhoiborpraocsipauiotf, by;
(a) simultaneously formng a first_ set of |nt%rconnect vias and a first set
of the copper” intercohnect members 126 146, etc. by oxygen.
It has been found that oxygen diffuses readily through low-k or
porous materials and that inadequate coverage by conventional
‘ liner materials for the copper interconnect, such as tungsten,
TaN, etc. compromises the wiring barriers against oxygen. These
barriers are conventionally used to improve adhesion of the
copper and to prevent the copper from diffusing away for the
interconnect. Accordingly, one skilled in the art would have
expected that the liner would protect the copper from oxygen

corrosion.

Oxygen can reach the copper both by diffusing through the liner
material and/or by passing through cracks, pinholes or other weak
points. If this happens, the, copper corrodes and/or rapidly

passes out into the ambient dielectric material, causing an open

) circuit or a short to adjacent wiring.

During construction of the circuit, the devices are formed in
substrate 1 in any conventional technique, illustratively CMOS,

and the interconnect and crackstop are then formed.

Lower level interconnect, such as polysilicon, may be used if

desired for the lowest layer or lower layers of the crackstop if

5



sali d crackstop vertical nenbers in a first |ayer of porous dlelﬁgz ngﬂgﬁpa
sinmul taneously formng a first set of interconnect horizontal

‘first set of solid crackstop horizontal nenbers in a second |ayer of said
porous dielectric disposed directly on said first |layer of dielectric, said
first set of crackstop hori zontal nenbers being disposed directly above and
in cont kBeYwRtR 3¥pdlppPdst s@bléfhé§a§h§t86n9§iF|€§Irﬁ@ﬁﬁéﬂg thepBgerng

sai d stge§wéahl AlatBL DAY Y ngiﬁ dseeingt LALenoRRAcHIRADRYS | S

conpl et ere y sard set o ers ornms said continuous
crackstopppbrucanreeaad ahblaaulbamesubstsatd poRousntiiebeusr ccaeksltopes a

final layer of crackst nber s ositing a cap | ayer above said final
| ayer OPGHLEFeWPFﬁ FBFWHE OapBPEGPé PﬁgéﬁFg 5§p %aﬁ&ﬂuaESQelgapﬁder
crackst e §b6§8tméﬁv§ﬂg aeaa%htfeg éﬂyééheaﬁﬁEu§E5ﬁ| liner in said

aperture. 2. A method according to claim1l, in which said steps a) and b)

are conbined in a dual - danmascene nethod in which a set of via.apertures is

fpr”Ed Acd kﬁ %?XSat?Palb%'ﬁ%E5&°1B% Q8£g 8¢ 35CPLL ﬁﬁpOEQEgﬂl%et of

Vi as an "5 se orrzon sréonnect ap ertures over apprng ‘said set of
vi a apeihteesohaectar ekdmentan gpped kamgremémdnebeahdiCrbokaedpabmémeaasd
| oner | ayer of dielectric, and said sets of aiertures are sinul taneously

|i ned wAFR RTEBLEFabLgnabdr fPEmedndipHeFasrRYF ¥neoliSFy SFRMPEE  witth the

conduct iryesiBhethal jausceBhhbke HgvﬁQr&QShoaualh@éﬁ@!c@ﬁ%”bﬂguééhge _
continuous solid crackstop structure. 3. A nethod according to claim2, in

whi ch sma#ingndavtags watbrtaanssscoppepurce17d3aAnNazdogateBo theAsamehod

irict ubdshorfBnthara Phicepspeb P, 08 a0cRr38H Pe,EhEChRAER, £ivg

met hod aﬁdoedaagstepclamm1thefWEtber1nnekudnngctoialpglgssaﬁabd craekst op
structure between said crackstop structure and said circuit elenents

A
met hod 5B&6r dfngredeEpRLlh 5hej RoWhPEh18Yrd onBhEt FYECKALEPy aPYts thit 15

suscepthekeeggeﬁ%héatlomheagﬁh@a &mhgughdsakdcngtegsaﬁb%kagbslallz A
met hod accordlngéto cl aim 6, said conductive material iIs copper.

8. A neekbdndfa rﬁrﬁgndnthﬁtégrau@éeéﬁnéalpfhahﬁngnaeg@nﬁedu@mgcgéﬁpos|te
ol i d oo sk aEaE ¥ SRR M R R RR B8 T 7ont o
menbers, said crackstop structure being forned fromsolid materials w thout
cavi ti egyextending 210und Rakd:Ci oYy uSLETRILE, CBIRTESLAT NG Shepe ot

of dual-damascene apertures, in which a set of two-level

apertures, having vias on the lower level and wires on the upper

level, are formed in a dielectric layer in a conventional

process. The liner layer is deposited and the copper is then

filled with metal, preferably electroplated, in both the vias

(and vertical crackstop elements) and in the horizontal wires.

When the interconnect formation process is complete, the
crackstop structure 2, consisting of alternate layers of
horizontal crackstop members having a width that is not
necessarily that of a wire in the circuit and sets,

illustratively three in number, of vertical members preferably

6



formng a set of active devices in a sem conductor substrate; and

‘connecting said set of active devices to forma circuit, by; (a) 2003
»simul taneously formng a first set of interconnect vias and a flrst set

solid crackstop vertical nenbers in a first |layer of porous dielectric; (b)
simul taneously formng a first set of interconnect horizontal nenbers and a
first sbavbhgsbhedtrenskerop Homenshoak ménbéms.i nThesasendfl mpétipflesaid

porous die ect di.s osed di ectI |rst l.ayer _of ectri sald
first s8tTotcg a@ﬁ@bS% hoPi 28 tSFséBﬁﬁéﬁs g&.ngraV%§§§e6e8ug th ‘abd¥e and
in contggt WMihssakdiler shooaimehtsr atkstvoptyebti nahberebers; ahepeabi ng
said steps (a) and (b) above until said set of interconnect nmenbers is
conpl et dllwabrabjveavdopet apfl Ehackidsp rénbbesefsmpitsaia g85/UPRuddS
crackst gRas5yChue s 0ds bhAGL LAY bRl S3Ld;R0RGUSAdLELERLY! EpgRlades
final |ayer orf crackstop menbers; dep S|t|ng a cap |l ayer above said nal

| ayer oéldeehatingcvetanaamgs&nuaparbube usedaknddcapchayedtabdege gaaird

cracksto str cture and depositin dher iner in said
cporturBRys 1Y 9RsRrS0ane ke 5L AlnE ROGREDES: b oFoCERERAEDP ChOWSPER

sai d stﬁggtg) 88diB) dane @ggbtﬂgdguara gual- damascene nethod in which a set
of via apertures is forned in a |ower |ayer of dielectric for holding a

corresponding set of vias and a set of horizontal interconnect apertures
overl ap g9 of v S p y
dlelect?bc g?%§d§§gg gssgiéﬁg%E5%39§l mg? 35§|é§ ggrg Rgglhg 3 sefgme
aperturESaaseesssuwﬁanhouihyokdaedtmnphoaldeftmpmonebaeneemrandlthen

i fiilled with conductive terial su Etlble to cor.rosion,

si mul t aneoys
€ hor eby CPORRPREVEAYA oot FhaduBesOPPIe Gk EPog Qb BeOar 60 FOPORLRIFRod
aCCOfdiGGthg€|aaabgndhﬁgwhhcthéhdpéQaQﬂﬁylMQ mBbenieakohs Qﬁ@p6651§herA
met hod according to claim8, further including formng a second crackstop
st ruct upseergeén §ap@lcaaékybéghspp&éfaﬁy haeddssaiigesi teupttepefefos they, A
met hod gﬁggadkgﬂ to g %EHhQ%lpurEHSr hQEhUQ&Rg P”hggeatﬁgcgﬁﬂecE%§%§Eﬁp
structu etween saird crac bp “str dcture an d circuit element

A A RidBhASErAbErAreA{ . AL. AF_. AUYT] m j\ *| wgl gb] X] ca] ca] c(a] ca] ca] c*a]ca]c
a]ca]c&a]ca]ca]ca]ca]ca]c“a]ca]ca]ca]ca]cAa]ca]ca]c“a]ca]ca]ca]cAaLﬂc<a]c<a
] c&al] c&a
—>467uzKzté&amﬁathwaL@ab@gh@a]Qa]@ab@a]@éakﬁakﬁahcahtah@ab@ahC@b@@h©@]ca]c
a)J ca) ca] ca] ca] ca]ca] ca]ca] ca]c”a] ca£ £ cal wx | GHHHHBHIHRS

$nt} xsnPd_2Z] Frasre&prapeapealEs) caPesar aP 8Téa}éaF€§P@é]d&P@&P@éPé&}ca]ca]c
2] ool capelgheal esheoheakiakoakoaksakod! MBUBShaRa Mt QUM res 1

) L*N***} xsnid_Z]]]ca] ca]cal ca ca]ca]ca]ca]ca]ca]ca]c

a]ca]capnd]ééﬁcé]éaPcaPGa]éarmapcuﬁca]gaF@deaFe&Fc&hc&an&]é&F@&tﬁre3+A+g+
h+[ , \
0K%L0>15$T??i%ﬁ%é%2w§%ﬁyé}xgﬁFdrEfffcafgg]ggfcafcafggfcngggfc%fcgfca]ca]ca
.]ca]ca]cayeahga]¢ahegk¢abcabcnh¢akaahea]aahcakaa]pahnta]&akcak&aénBISBSSS
41 444455559556\ 660Q7~788K999*: EwwnhcAY%gca cal ca ca caj ca% aj cal.ca ca ca
]ca]ca]éé?gHF&SPcéPCKS]EQFCE&FE&F SPcHpL&F Al cafFtap 8P9§Fca] Byisa) ¢& £h
=8&==Q>>{ P BADPPEECEnbodiment, each level is made sufficiently narrower

HHH\ 6607~788K999* <=| w mhc”Y] ] ca] ca] ca] ca]cagca]ca]ca]ca]ca]ca]ca]ca]ca]c
a]ca]caFPéa]éé?cEF@&Fé&F@ap@&]éLaFcépéapﬁayééP dpcajigalignment of layers

a]C&aT]Q?§§194€&e&£ogélg%€% g)lower corner. For example, if the 3o

tolerance in alignment is 0.1lpm, then the upper layer will be

less than the lower layer by 0.2um.

Those skilled in the art will appreciate that the invention
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the interlayer dielectric materials need to be the same.
Further, there are many ways to form interconnect - separate
formation of vias and filling the vias, followed by formation of
horizontal interconnect members; etching vias first, followed by
etching horizontal and simultaneously filling them; etching the
horizontals first, followed by the vias, etc. Further, the use
of a dual-damascene technique is for cost reduction and is not

essential.

‘ While the invention has been described in terms of a single
preferred embodiment, those skilled in the art will recognize
that the invention can be practiced in various versions within

the spirit and scope of the following claims.
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CLAIMS

We claim:

l. A method of forming an integrated circuit having a continuous composite
crackstop structure surrounding the circuit elements including a set of solid crackstop
vertical members and a set of solid crackstop horizontal members, comprising the steps of:

forming a set of active devices in a semiconductor substrate; and

connecting said set of active devices to form a circuit, by,

(a) simultaneously forming a first set of interconnect vias and a first set of
solid crackstop vertical members in a first layer of porous dielectric;

(b) simultaneously forming a first set of interconnect horizontal members and
a first set of solid crackstop horizontal members in a second layer of said porous dielectric
disposed directly on said first layer of dielectric, said first set of crackstop horizontal
members being disposed directly above and in contact with said first set of crackstop
vertical members;

repeating said steps (a) and (b) above until said set of interconnect members is
complete, whereby said set of crackstop members forms said continuous crackstop structure
and a final layer of said porous dielectric encloses a final layer of crackstop members;

depositing a cap layer above said final layer of dielectric;

forming an aperture in said cap layer above said crackstop structure and

depositing an adherent metal liner in said aperture.

2. A method according to claim 1, in which said steps a) and b) are combined in a
dual-damascene method in which a set of via apertures is formed in a lower layer of
dielectric for holding a corresponding set of vias and a set of horizontal interconnect
apertures overlapping said set of via apertures is formed in an upper layer of dielectric
formed above said lower layer of dielectric, and said sets of apertures are simultaneously
lined with a diffusion barrier and then simultaneously filled with a conductive material

susceptible to corrosion, thereby forming said continuous solid crackstop structure.

3. A method according to claim 2, in which said conductive material is copper.
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4, A method according to claim 1, further including forming a second crackstop

structure between said crackstop structure and said circuit elements.

5. A method according to claim 1, further including forming a second crackstop

structure between said crackstop structure and said circuit elements.

6. A method according to claim 2, in which said conductive material is susceptible to

oxidation passing through said porous dielectric.
7. A method according to claim 6, in which said conductive material is copper.

8. A method of forming an integrated circuit having a continuous composite
crackstop structure surrounding the circuit elements including a set of solid crackstop
vertical members and a set of solid crackstop horizontal members, said crackstop structure
being formed from solid materials without cavities extending around said circuit elements,
comprising the steps of:

forming a set of active devices in a semiconductor substrate; and

connecting said set of active devices to form a circuit, by;

(a) simultaneously forming a first set of interconnect vias and a first set of
solid crackstop vertical members in a first layer of porous dielectric;

(b) simultaneously forming a first set of interconnect horizontal members and
a first set of solid crackstop horizontal members in a second layer of said porous dielectric
disposed directly on said first layer of dielectric, said first set of crackstop horizontal
members being disposed directly above and in contact with said first set of crackstop
vertical members;

repeating said steps (a) and (b) above until said set of interconnect members is
complete, whereby said set of crackstop members forms said continuous crackstop structure
and a final layer of said porous dielectric encloses a final layer of crackstop members;

depositing a cap layer above said final layer of dielectric;

forming an aperture in said cap layer above said crackstop structure and depositing

an adherent metal liner in said aperture.
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dielectric for holding a corresponding set of vias and a set of horizontal interconnect

apertures overlapping said set of via apertures is formed in an upper layer of dielectric
formed above said lower layer of dielectric, and said sets of apertures are simultaneously
lined with a diffusion barrier and then simultaneously filled with a conductive material

susceptible to corrosion, thereby forming said continuous solid crackstop structure.
10. A method according to claim 9, in which said conductive material is copper.

11. A method according to claim 8, further including forming a second crackstop

structure between said crackstop structure and said circuit elements.

12. A method according to claim 8, further including forming a second crackstop

structure between said crackstop structure and said circuit elements.



