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. M(12 797 *166166* METHOD OF PREVENTI NG BRI DG NG BETWEEN PCLYCé? ¥,

' M CRO- SCAWR (REAS-URES BACKGROUND OF THE | NVENTION 1. FIELD £F fH L NVENTI ON
The present invention generally relates to mcroscale features tornmed of

pol ycrystalline materials, such as 5 petallizations for "icronummwummwmm"mm

e
applications. Mre particularly, this invention relates to a

formng netal lines so that l|ateral grain growth that occurs during .. ..

ext ended heating does not cause bridging and el ectrical shorting. 16°%°
DESCRI PTI ON OF THE PRI URTARP AF PBpvesemNed BRIDETgY ertwdackend of the

| i ne (BEOL) i nterconnecOLiBIRY 3TAMAtIND MICr0ft ema i nchutdesras
“electrically-conductive layer 12 of a polycrystalline alum num copper all oy
that is sandwi ched between a pair of 15 diffusion barrier |layers 14. The

di f fusi on barkceouhayers ThE reduserole solid state diffusion rate between
‘the conductive &giﬁr 12 and_netals from surrounding netal structures, so as
to inprovelthef abf| 't ZHYEYREBY resistance of the metal lization 10.
However, it has been 20 determned that, if the netallization 10 is heated
for a sufficient perjod, as during annealing or other subsequent thermnal
processi ng, stresses?EcRHFSRRENIRAVERELABL dRhiezatlilon reliGeas ta masuld- of the

barrier |ayesseldes00sbEakbiRdat Be Lhe ngi.on.Qf the conductive
Iaygé 12. Under .certain 25 conditio%s,pgﬁgggégg%§§s§?%§gﬁaﬁﬁdu@@C &
h

gro i n TRE2LbMABELPVE FajeRiqpoparattenitoaphé ipkanensf. t Nereonducti ve
| ayer 12 (pgreiprafiktenyterned | L . gQral r h), especiallly if the
om0 o s HEE R T ST R MO8 e Eoemingvio

metallization 10 is sufficiently thin D
'a/738-1 | PEGREPH AEELYO7tbay lieergl, g0aPs growohetertobckass) dushingh can

result in setahashortlpg,be ] gl lizatign structures. As an
exanpl e, Figureéz represgﬁtg&ggz%?gléﬁggélgFgﬁgﬁﬁ?cﬁngaFZFﬁ T3F&in growt h

(i.e., gra?PCHEHWh in the plane of the metal , 5 pad 16) has occurred to
create a nmetal bridge 20 that protrudes fromthe netal pad 16 and contacts
an agdjacent netal line 18. The likelihood of the netal shorting represented
in Fgure 2 caEYeREPETGhi T CHHE BREPRI 27 reliability issue for the

nmetal lization 10. Wile greater 10 spaci ng between the netal pad 16 and
line 18 woul d avoid netal shorting, such an option may not be feasible or
'" practical in vieWwW of RIS YeRthdT diiqpeater Phokendr pZathonl ohe

m croci r cu(BEOL t ek Calasd N redvd nki'zd oy 4:hey @1 et LON] 651 hdes an

electrically-conductive layer 12 of a polycrystalline
aluminum-copper alloy that is sandwiched between a pair of

15 diffusion barrier layers 14. The Adiffusion barrier layers

) 14 reduce the solid state diffusion rate between the
(t conductive layer 12 and metals from surrounding metal

structures, so as to improve the reliability and sheet
resistance of the metallization 10. However, it has been

20 determined that, if the metallization 10 is heated for a
sufficient period, as during annealing or other subsequent
thermal processing, stresses occur within the metallization
10 as a result of the barrier layers 14 constraining the
thermal expansion of the conductive layer 12. Under certain

25 conditions, these stresses can induce grain growth in the
conductive layer 12 parallel to the plane of the conrductive
layer 12 (hereinafter termed laterazl grain growth),

especially if the metallization 10 is sufficiently thin

I
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industry. 15 Accordingly, it would be desirable to provide a nethod for

. inhi'biting or preventing bridging between fine nmetallization feat
mnthout‘&ﬁ(ﬁﬁ%btatlng greater feature spaci ng. SUMVARY OF THE.fﬁvgﬁgﬁtgﬂgé

The present’'i’"M7&ntion provides a method of preventing or RRT/ERIZE2797

significantly reducing the |ikelihood of bridging between adjacent

pol ycrystalline materials, and particeuRarly to reducing electrical shorting

bet ween adj acent netallizations of a mcrocircuit. The invention 25 al so

enconpasses netallizations formed in accordance with the nethod. A key

aspect of the |nveg%|on is the determ nation of the nmechani sm by which

grain growfhdi-s © e PiKETP 1Y e urSS ametlyd ch heamgriovd hl ofinmetetialgr ai ns

t hat haVGsh@@ﬂ1&@%@0@@@%%6&*@%&5@&3 Vﬁéf@r&{@ﬂ S1 X %33 gdral n

boundari es, the nost thernodynam cally st ~ C
2004 PCT/ EBEIPLE27EITUECEndl ticRvesentds comstai me s m wma:mam;amalh a
conduct i ver§ihayeb,Rat ween. a i ffusion .barrier ayers, exc ssive
grain grog\/t h'i shjm)gt Y@ t o%:lcrgr‘rl%r‘lj%lr a?‘ﬁqnsrthvﬁ 3 t%“ﬁ

bouhdar i eBadahé) |§a§r@@@mnnﬁdIQDI@m£nalc(MWaaithnmayﬁ(yvﬂohadt has al so
been dete a ai rowh of this ty e |s favored by w der
netalllza ?%ﬁggg%?u%ggk 52% nggxgbt 8d§ QﬁjQFanéPﬁeﬁétal l i nes

(as used MQt@lnllnhelBornEma|nﬂhﬁﬂmﬁobalaﬁlt®bym&d¥ilgﬁdﬁhlh es). By

i nhi bi ting or $ gckizng | at.eral graln %romﬁh fraom 10 netalllzatlon features
nor e susceﬁ$ R o IstiBh g@bwﬁh‘ e PficfdEnce ot Rdttaly Usicdgrdy bet ween

t he featUW@31ablsngﬂ|issa@tEwrremuC&chalawéﬁl%h!ﬁbnatﬁﬂllgh%rgﬁkgad of

th & |nvqg%'on g Eall %%ﬁalls fornln% a netal |ayer on _a Substrate,

Gahi ch is 5 pév?erne % BPel g2dt 1fedst tigenefarosdfuaraids. A fIFfﬁ
of the netetabtshictuirg, hasca pat berned ﬁggenbma%elgeggngg gpart froma
patterne%ﬂg of the second al stru so that the first and second
metal st ructures ar s el aet'r Péal %ﬁ ARLaP t arf96ﬁﬁé§€hméﬁhéFurF@ﬁévéF as 20

explalnedﬁébmue:ocer¢alnstheéﬁmbdtweabﬂgﬂtghg@ﬁkle@g &gelgggeggoggggn

growt h alqﬂﬂyggg patterned edge of the first nmetal structure which, if the
first and second netal structures are sufficiently close and the grain
growh is excessive, will create a netal bridge between the netal 25

stysuct ures. Therefor ggréhe reseEt L ny gntlon further rovides metal | i zation
features that will" prevent efectri ¢8FSnBrt iRg-bePheerot RE°Ti#8taand second
met al st medthadestgof inmmbessngeokapEéaéngiﬁgnbgﬁ@@&ngBéewéQnsgp§§quentIy

occur el n dge o he first nmetal structure.
N@talllzgggbanégﬂﬁii %%n e%p?ayé%h%ytt%?%efﬁ%EﬁF%Bﬁ 7het uee %%ﬁ%%?%lng

the net alsPaayigrlg to forma dummy netal |ine between and spaced apart from
the first and second

SUMMARY OF THE INVENTION

20 The present invention provides a method of
preventing or at least significantly reducing the likelihood
of bridging between adjacent polycrystalline materials, and
particularly to reducing electrical shorting between
adjacent metallizations of a microcircuit. The invention

25 also encompasses metallizations formed in accordance with
the method. A key aspect of the invention is the
determination of the mechanism by which grain growth is more
likely to occur, namely, the growth of metal grains that
have been sectioned by patterning to have fewer than six

30 grain boundaries, the most thermodynamically stable



, (WD 111/738.11 - 4 ~ 4 o~c 2004 PCTIEPU 1 /1)27J7 netal structures
. patternr ng hol es near the patterned edge of the first netal ch% 2@&6

« form ng theopatigined edge of the first netal structure to Ep:g/\é? L
project toward the second netal structure, and form ng the oY

of the first nmetal structure to be stepped so that the first netal
structure has corners at opposite ends” of 1he patterned edge that are
closer to the second netal structure than the remai nder of the patterned
edge. According to the present invention, the pr esence of 10 a dummy netal
| i ne bet weepohherfbhst ard al _stryctyre | ateral grain
growth fromthe first met aIC%El%(reggt EEE togo?:(gjurEHvu %ﬁ %5 aet??%\%ﬂ?é}’e
effect, sint@Y8AyPREVEENDA Bgért hét daEfhsi oncbarb@éy\eeayébg f kst sgetal

structure e.do ot ate an electrical .short 15 because the
dummy net aﬁgg?ggn?lslohgg ege@t%rsrgcéll}% tohReBted’t o afy2 el ecyt Feaf Sesaponent

.0f the m croearceaix. bbnpdrtaesl, yanancﬂcapﬁ@@dmmgah@whﬁat@y@ﬂtt@tﬂ@ there is
not si gni rn for. nmetal brjdging between_t=ne dummy |ine and
seco?rsd met {11&%’1@ ﬁ%g?causgdhﬁ F‘ba?%r]Bﬁsgﬁr%‘?ﬁe’%l@?@mkhaefgltéhen dameryth
and/ or secocnﬁ trﬂetal tgpeumsuEEVaSeGOBpatreﬂieﬁQné@éﬁi DLt dgh nge caUsEI by

| at er al a%p}growth ? e Iarger first metal structure. The renaining
bri dge-i nhi bl ti ng Met ar |§% Fon®f EQTRAEET oFC t Rk i heert | birehel Fratuseded

hol es, teetgraid, stiepstboneediat Daged hes 25 paLle fxmf&ieerﬁwnﬁarof ki flrst
nmet al strucéure serve to a]Pﬂ]caonerdate inward grain gro trom

patterned edge B thelF9ret REPariRy riritiel we bpposeedh of out vvard grain

gr ovitth tommatatrelmmenfese@e@st i dls sddioluife dheycpldiect of gach
approach contenpl ated py the present 30 invention is t ctidn or

el i mnati on 6t TEtSE D itOFRY PetdEr duvesn dd}%cfe&ﬂtumsalﬂa zation

features, evgmiwherentpf eredu@di sy oW Nas, QoW ed. ~ ~~E C 2004 WO
(11/73H.11 - 5 PCTIEP011(12797 O her objects and advantages of this
invention will be better appreciated fromthe follow ng detail ed
description. BRI EF MESGR &74ON Ot HEHE iDRAWNGS: %e'?i&%rl 3, Ltnandq 2 represent
a metal pad z}nd | i ne of thejD%ror art in which netal ging occurs as a
result of I'ateral® gr oW+ Fheéhet abssda s gl‘ﬂbé§h3 —tShrt@@@h 6 show

net dPl i zat pert tproces T etyesld g N ddguredd eeiang Jtepi-esentat i xe (ot cnet al

bri dgi ng

edge S

of the metal structures has a patterned edge that is spaced
apart from a patterned edge of the second metal structure,
so that the first and second metal structures are -
electrically insulated from each other. However, as
20 explained above, certain thermal treatments can lead to
o lateral grain growth along that patterned edge of the first
metal structure which, if the first and second metal
structures are sufficiently close and the grain growth is
excessive, will create a metal bridge between the metal
25 Structures. Therefore, the present invention further
provides metallization features that will prevent electrical
shorting between the first and second metal structures if
excessive lateral grain growth were to subsequently occur
along the patterned edge of the first metal structure.
30 Metallization features contemplated by this invention
include patterning the metal layer to form a dummy metal

line between and spaced apart from the first and second



10 that occurs in accordance with the prior art, and Figure 6 showi ng the
. use of a dunmy netal line that prevents nmetal bridging in acco (ﬁar&EO/\ng@D4
+ the present invention. Figures.? through 10 represent alternative nethods
and enbo¥NBEAPE for inhibiting netal bridging between a PSTHERVEI27pAd and a
metal line in accordance with of this invention. DETAI LED DESCRI PTI ON OF
THE PREFERRED EMBODI MENT Figure 3 represents a plan view of the
nmetal lization 10 shown in Figure 1, with the top diffusion 20 |ayer 14 ,
omtted to reveal the underlying polycrystalline conductive |ayer 12. As is
known in the art, diffusion barrier layers 14 of materials such as
titani um PELRANFHRPACEERGe &3¢ tesnbraalobms peabothe parvernedredgee the
solid sta hEf wsi b 4] e g [ I 12 and .25 netal s
From surounding eatal Terdotiree  ihe Th Bhrestier BREeFaed Frga: Fon i 0
can vary, thet Airhkckrésdesttoicaboat t0. 2ove-nmawich | esscbpraget ypteahrfor
certain appli L.ons ~ E ~ 2004 WO O1/738. 11 PCT/EPU1/1)279? - 6
will becogglaagggéﬁg%tr,ne'r%étlalsljtirflgtg%ﬁ’t‘?ﬁ‘ KSR RS SRpaPRFeeraefyefafort ant .
par anet er of r ohet higrst andpailnitetictenti zd nge tdeeheaef tbscRic t fhs Enyeption.
VWi le Al-Cu Q{Ll o%(s agﬁg grﬁf erred for the conductive _|ayer 12, and , 5

§°ti tahFanthrt

titani um an Fde aFBHT et erd &P Telter¢afs ¢6rtlde barrier

| ayers l4patotheednatigei ahatcaukdciosesaaablne b used tocformihecur
metal | i zaé{ﬁon ‘?j‘g In addi,ti on, one of the diffusion |layers 14 could %e
omitted, SAA"addftfSRAF HEfaPt| ByRrRe e beapsul at ed bet ween t he

diffusion layers 10 14 . w As previously explained wwth reference to Figure
2, lateral grain growh_has been found to occur with polycrystalline
metal | izations forned®byiPpFi bP BPe ¥RASENG ARV intocestepiesamiert he

met@l | i zadi @ h6td5 DahtepBefed? Hiy Ma-dd ng iAo ingdf and a_ L)
relatively larger netal structure, referred to herein as a pad 16. The

grai n boundatFEE of RPentbRdbREevel |TAEn protd rigmmesdm ol iat Fienals 3

through Gstxudelfe idd ustsat ewt hgoechanicmdeterigned 0. be agtive. |
causing lateral grain growth 20 (i.e., two-dinensional grain growth-n the
pl ane of r?&?ﬁaa]cotf%’ fggﬁ VER} GyBI IR ogG g mbeie aret dhepddi 6 tteald t he net al

line 18 oftihiguune Zandi Quidy 31 {ePresentsct he Lypi Gal Lraidstyuciiy,e of an
Al al | oy conductive |layer 12 after deposition. The grain structure and
texture ofSTHE AL MRttt Vi Asayér RPE iEC tdy Yorf YPeYRE Fegtt or s,
i ncl udi ng-deposidlicatciond tdamsorant e chypaieh-osuhstyiat e and barrier
mat eri al S, usedt.anlt%zyone e ag(gloeﬁ, the average grain size of the A -Cu

€

conduct i V& HAyer ‘may HDrGe F6f 1AFGHE 10005 56 CabGutE am | f

deposi t ecsignidiectmoplatdag: S84 spitiebiaggieyapetaldsen cnehemingal or
phySICal]%§EPEHQF%%%§ﬂéNReé§fLStructure caused by lateral grain
20 growth of the dummy and/or second metal structure as
compared to metal bridging caused by lateral grain growth
from the larger first metal structure. The remaining
bridge-inhibiting metallization features of this invention -
the patterned holes, teeth, and steps formed along the
25 patterned edge of the first metal structure - serve to
accommodate inward grain growth from the patterned edge of
the first metal structure, as opposed to outward grain
growth toward the adjacent second metal structure. The
effect of each approach contemplated by the present
30 invention is the reduction or elimination of metal bridging

between closely adjacent metallization features, even where

lateral grain grown has occurred.



1 ~ DES 2pp4 ' WO (111738-11 PCT/EPI'11/U2797 In Figure 4, t
. metallization 10 is shown as havi ng been patterned by such knzakl%glkaﬁgﬁm

+ |ithograpwoaneseetal reactive ion etching (R E), by “hiChmgﬂﬁﬁ”?%éh pad 16

and two netal |ines 18 have been delineated by trenches 5 2
metal | i zation 10. The trenches 22 del i_ngate opposing edges 24 and 26 of the
netal pad 16 and the nearest netal |ine 18, respectively. The spacing

bet ween these edges 24 and 26 is shown as bei ng approximately equal to or
| ess than the average grain size in the conductive layer i2 10 (e.g., about

0.9 ~cm). The grainsOghet hebgdges 24d andh26: 0fed her nehad Dade16; andy ey al
. sectiponed

lines 18 arg_s as_bein the trenches 22. Two grains 28

.al ong the edge %%@%¥ ?%%r%%haﬁ%PéiEp%i$ﬁ% ORYIRY FiQtaEledf or pur poses of
the fol | ow dgsdr Betusshon. Figure 5 represents the effect of 15 the
metal | i zati on 10 havi ng been heated, such as anneal ed, during which |ateral
vgrain growh of the grains 28 has occurred, with one of these grains 28
form ng a metedr bydstger 20 o tdr the: edge;dk;of she adjacent |ine 18.
According to this invention, the netal bridge 20 is 20 the result of stress
conditions in the A -Cu conductive layer 12 during a thermal cycle. As a
resulg of having a fgigudd r fi.ci f .thermal expansion, the. Al-Cu
conductive |ayer 12 igg6%?%?§§F%§%i8%%¥%%%ﬁgdab$%f%§'ﬁﬁffngi?%§Eﬁ§Iﬁ4_ As
a result ofthhépr® i nigd privicds sietgrlaibas 425 rgl ong urise aEatd erdred edge 24
of the netalzfad 16581 eftog il Wi Bgl&ndari es greater or feG ~er than
six. The grains 28 are shown In Figure 47as having fewer than six grain
boundaries. According to this invention, grains with fewer than six grain
boundari es are prongstQ ral 3Q dinensional) grain growmh as a
result of the condug?%eéeﬁisgrt{%%ggpng gg%@t?ﬁ?ﬁggaﬁgtﬁﬁ@ H§Sion
barrier | ayérS®s14 wiNbd&ligng e e redeoMykbbirrsevon theamafinmeas lberusedrigo 14
DES 18pp4 WaHa th 63smRCELER Al .8, predict the grai r.owt h uynder
such condi ti ons. Baseglgha%&ggg%ﬁéésféggltg%agkgégoﬁfﬁ'nﬁﬁgl%ﬁ@?rﬁh€n t he
netal pad FEOVERguitficciisst If Redtedy wegal ione tkapepatueetef m208C to 300C
for the ALxoydgenduch uedayncl2y:ghatns whLboslx; S,graln boundaries are

| east likely to undergo grain growth, graihs w for & ‘than "si x grain
boundaries are likely to shrink, and grains with | ess than six grain
boundari es (e. 0., 818ue<29 kRrELGHres foand-) are LLkelLy Lo arou,
Significantly, grain growth is not likely to initiaté rn the 18%rar rower
lines 18, &89sRBRASRCRF§ulersinhhblbingtmakshi myidoihe hetdetn any

par if cul ar meheor padt waaexphanat i onscare £%$£¥é§kc§@&9£ﬁiﬁ9 LQ;Lhe first, a
significant _driving force is not present for grain growmh in the thinner
lines 18 béEXﬁEElBg'the rel atively straight grain boundaries 15 produced by
netal RIE between adjacent grains in the lines 18, yielding what is terned

here a "ba - aj ture. The second proposed explanation is that
fwo- di nens}ggﬁgFLg‘?a#ﬁSé#%a}%ﬁo%%lEH’EIOPWE Ry, EMRPHEENA growt h nust be
volunetric that follows the limtation of height-to-area 20 rule of grain
growt h. Whatever the_cause,_there is nore significant force on the grains
28 of the conductive’ TAYEF 12X RTRH patd étiidd Wye 24, thad these grains 28

fol I ow t hemédt4 Wi ghh oretisi DNashGI@i T QWAL gl due o L4 PfLsancs, of

20 layer 14 omitted to reveal the underlying polycrystalline
conductive layer 12. As is known in the art, diffusion
barrier layers 14 of materials such as titanium, titanium
nitride and combinations of both, serve to reduce the solid
state diffusion rate between the conductive layer 12 and

25 metals from surrounding metal structures. The thickness of
the metallization 10 can vary, with thicknesses of about

0.25 um and less being typical for certain applications. As



the barrier layers 14. The conbination of stress and the 25 gx d
.instabilities of the grains 28 lead to grain growh |ater duriﬂg¢a§ﬁgglfQ@4
» or anot her higﬁ t enperature excursion. The grain growh deeicted for the
grains 280PY"B#lure 5 has been seen in actual hardware, WCHFEPHYEP? shorts
resulting if the distance between the netal pad and its ' 30 adjacent netal
line is less than or equal to the aver@ge grain size of the grains of the
netal pad. ' A first solution provided by this invention to WO d/738~1
_ g _ ~ ~ ~F~ Zp04 PCT/EP(11/ 112797 solve this problemis illustrated in
Figure 6, in_which an additional trench 30 has been formed in the netal pad
16, del i néalingeaemeupRy2rfBtal Metad 13zathar tiabnesisedtsriecal |y connect ed
to any ci i LC8. - I a 5 tter e t hat
faces an %ﬁ#gggﬁfgtggelégggggﬁﬁep%%%#%QF?ngrgg.t@%egaﬁgt gﬁg P%g dunmmy
line 32 andaliehed G0cabensiiows af beisgihessttihan owWheqealrlt-gut he aver age
grain siz h o] I layer 12. Fiqure.6 represents the appearance
of the co%%gé %v%r%a§€%g%g¥§glﬁ§ﬁ éelﬁogﬁﬁggﬁ?ﬁgﬁgyefthWEF&'Iization 10,
dur$ ng wht chat ivom gamad nsi88nafint he tretal apadpiérgrewdl akekaliky si b cont act
with the dunmy line 32. Acco grngﬁho t he exglﬂnation provi ded above, the
grains 384T e”3HoWm a a%%5?ng g *heBabSE PhEyCRRFE GRSESBFEPAY Reresul t
of havi ngu§eaeto t harm stixe gnatn119-heupdalves pri @aateianneahings the | arger
of the grgiﬁ 38 cggtacts ihe dugay line 32, but with_no detrinental effect
si nce the H 9T e T st Ao CBOANREL BB Ebedny 2R AL CdeRréemeERlt he
ot her hanthyéhe @sldid ilonabntappahadlahascwesyl trd hnreheibar gayeek the
grﬁLns 28 - originally 20 unstable and prone to grain gromh in Figure 5 -
bet'ng stabfiized as a result of the edge 36 of the du_Tnny line 32 s
produci ng a sixth grain boundary. As a result, the |larger grain 28 has nom9
grown during the therir,al treatnment, and therefore the netal bridge 20
shown in Figure 54afifoft %S b¥caiPediPAd FY gl er 8L eFrEGresC7TFEERBAGRA. 10
i |l ustrateswodher erbadi festehf BEsPHENENE ERY] OF o abcd€aSY 1 AN bi ting netal
bridging in accordance with the teachings of this invention. In Figure 7, a

row of hdl¥s FOY Hes beth BE ALY BREbPREr vOTPSE POrHEHC302REar the patterned

edge 24 oieﬁmdmcalothqﬁlc?@es%g bﬂﬁﬁié@ ane ﬁé@@ﬂlﬁﬂgﬁhgﬁai@dﬁ§0 tgat
grai ns surroundi ng .t he holes 40 w not_extrude into the trench 22 between
thE el VoRR) 1?7%3%11“%?} EPHAF £ 327972 -2 105 #bt ¥F 1¥ad 16 and

its adj acemgaetradtdl necdBorbué, | nsteadedi td oMb NkO Lhgahiol 8S 40ne TO be
effective, the _distance betgeen adj acent . hol es 40 and bet ween. the hol es 40

and the &0gE AV IHS Rtdt PAT TePMESt i Be hphioxt metEfyr BUaFeEbe8 or

| ess t hanirt heiauersade wQrauglsi gecOfhéhe Coneketd ve tiyenedRanThe shape of

the holes, 40 is n crictical ,.and.therefore could differ fromthat shown in
the Fi gurdeeésk.eﬁmnlnlf}%utroe?% Tna 6T B r WO S AT EShaped F Rt AV H2 have been

prédvi ded (in eadditvicomintend hena DWyodihojeseedd) showe Ll dne Fbgutee7. In
" oure Sosaghagle 4045 SiFeely Latoerc ] om ad ool 2 pubif i Fioure
teeth 421ime 18 of Figure 2. TFigure 3 represents the typical grain '
structure of an Al-Cu alloy conductive layer 12 after
deposition. The grain structure and texture of the Al-Cu
25 conductive layer 12 will depend on many factors, including
deposition conditions and the type of substrate and barrier
materials used. In one example, the average grain size of
the Al-Cu conductive layer 12 may be on the order of about
0.005 to about 2 um if deposited by electroplating,
30 sputtering, evaporation, chemical or physical vapor

deposition, etc.



each of these enbodinents, the size of each hole 40, tooth 42 ﬂné b
. and the di stance between each hole 40 and its 15 nearest edge 24 or gagﬂﬂlé
"is approxwmtieisydilequal to or |ess than the average grain spEeERfi/LDe
conductive layer 12. In accordance with this invention, the conductive

| ayer 12 within each tooth 42 does not extrude or grow laterally into the

| ine 18 because of the banboo grain structure within 20 each tooth 42 as a
result of the size/width of the teeth 42, for the reason di scussed above in
reference to the netal and dummy lines 18 and 32 of Figure 6. Furthernore,

any lateral grain growrguhial 47 gite Gl WAt bt e gapssidaidd  not
result in netal bridge as arefbult of the greater width of 25 the trench

.22 at each AP PEE R G STESGUMY f(‘)lcskhd%%o"ﬂhé“eﬁi’cctdegrr?e% Edger PRIy t he

metal pad Hhdeidigletrehed ol QdeaMss Aor et )t,0 havgian stenpediprofd | e,
with corners 46 of the nmetal pad 16 at opposite ends of the edge 24 "being

closer to tife 3 deenirese lmédaies ilfe Ry q Haen ke liaws tRchgey rftléﬁfIi@TeS'r egi on

48 of the edge 24.4Skdchar itQ ke heet h 4z of gy i
t~~e 2004 WO 01/738.11 z 1l Cl:T/ EP() 1/ U27~~7r squarsgszszﬁapegugeoar ners 46 are

appr oxi mat elppasgual e@lge§rrﬁl4l end Rb6siofe thvameta lt lpedavier agel griad mesirze wof

t he conduc I t hencor are not prone to

| at er al grtéqe\rlltealr g‘vw?% and thgeé:(ratggjte r di gI'\[ anc%%b%lﬁ e pS =l line 18
and the i ntesidesr 2r4egmdn 248 ief shlvemedge 24 raf atpllreammaltqdad etﬁlaelssmntdral ly
el i m nates i bility o tal, bridg I t ween t-h |nt rior
regi on 48 aln tﬁgl%?rle?gtll %lxr?efa%% gg g‘ rle%su r3f(%lhgt er al lgi‘E'%lgﬁz\rll\{z‘illVﬁe i %oward
t helfet al |(ene .18 abb0cWhi- Peumhe | W@n@lr@nﬂiﬂB@tb@@ﬁ? degers ed armi t2E§5r e of

P i [T oTROMISTEN! Bud el AnAPRALER 1Bl YEEldl ML AL BigAdopied by

one skilled in the aft, escrlbe I'A the “Context of
net al | i zat isees iogredniber sEker ccmenshetshé2t eadhiongs aofist Riss ailrmwenttlen egice 15

appl i cabl e 5t,0 gt her a n re fine.nacr.ow paced crystalline
structures of gsgglnt ggﬁl 38 5&8 éﬁ\gggf‘ it er |la (lgur)é.,§l (:Léjnrdgout |];%//eey ot
di el ectri c tde §@ricil©®nducﬂwe)lsanendesml@dlreAécmegbmgsleyl,tst h@esecﬁf@omf ofthe

i nvention is t li o] e ||V\A clal E C 2004
12 SA NS T %%%ﬁéﬁ%ﬂ?ﬁ%%g e% s D Wl as abtheaned:

during which lateral grain growth of the grains 28 has
occurred, with one of these grains 28 forming a metal bridge

20 with the edge 26 of the adjacent line 18.

According to this invention, the metal bridge 20 is

20 the result of stress conditions in the Al-Cu conductive
layer 12 during a thermal cycle. As a result of having a
higher coefficient of thermal expansion, the Al-Cu
conductive layer 12 is physically constrained by the barrier
layers 14. As a result of the patterning process, grains

25 along the patterned edge 24 of the metal pad 16 are left
with grain boundaries greater or fewer than six. The grains
28 are shown in Figure 4 as having fewer than six grain
boundaries. According to this invention, grains with fewer
than six grain boundaries are prone to lateral (two-

30 dimensional) grain growth as a result of the conductive
layer 12 being constrained by the diffusion barrier layers

14. Modeling such as Mullins-Von Neumann can be used to



formng a multilayer structure conprising a polycrystalline |aye nd at
_least one constraining | ayer on a substrate; patterning the nu¥‘&[i
“structure to forma first structure and a second structure that is narr r
in w dt WONdMsHhe first structure, the first structure hacirmgosopatt er ned
edge that is spaced apart froma patterned edge of the second structure;
and subjecting the nultilayer structurg to thermal processing sufficient to
cause grain growh in the polycrystalline |layer of the first structure;
wherein the patterning step produces neans for preventing contact between
the patterned edge of the second structure and grains that have grown
IateralIypredmcthehpogyadms@abwtmeummﬁers&h@ngohﬁetﬁahberngasgdggnof t he
first structure toward &he second structg 4 t he ggans bei ng at | east one

chosen frofPT HE"GPoUR-2onSFE NG SH I apP Pfg PRETHPEI Payer Befuéfure to

forma duﬂﬁyssffmcﬁunelpehweeﬁdan@ gpaced apaehpbieputBecki pgheostegcture
and the Sg@ﬁ tructure t he dugﬁy structure being spaced apart fromthe
first structure %ﬁdCQ%eAéeEBnGOE GEttiFelaY8F stancer# &8s YhER ®iXequal to

an fver aggrgiAi Pothdlr 0k st BeePak¥ghy 3t akhi %ol @M%ErS?SCSPE B%rl&@}“S t hat
have grown |l aterally fromthe polycrystal | ayer “of "the first structure

and cont a¥¥2ihe WikRyMeFRuEhgRe SAK Qrﬁé§ubpu@ﬂaﬁh@5théﬁnﬁ#kpiﬁcé@5|ng
pat t er ni ng,hohgs QﬁérgiQ?nEaRE%EnqgsgdgﬁaﬂfsEE ﬁtbﬁﬁﬁﬁggy form ng

the patterned edge of first structure to prolect t oward
the secontes¥ructtrenandsaie Efigveestd ehd §éc©nd gikatvure ghawm.renai ni ng

R L1 BT A o e G/ " C19BR T B4 131 G ey Ehe Bt t o nel cifgs of

thB)flrstn%¥¥@€¢nrél@%5bé8stéﬁpéboyn thaFigheef br st Weilachatewhslsicor ner
regions at, 0ppOgEig @@d§n9fpgbelea&g§rEﬁgoﬁggeﬁ&ga&x§££n§£98 geégethe -9

second structure than a renaining portion o erned e t ween t he
corners. PLfaredt hodcaeedidiyngot shel 4inst, ahemgnmfih@nth@rnain@roce55|ng

Conpr'seSEorce 1s not present for grain growth in the thinner lines

18 because of the relatively straight grain boundaries

15 produced by metal RIE between adjacent grains in the lines
18, yielding what is termed here a “bamboo” grain structure.
The second proposed explanation is that two-dimensional
grain growth models do not hold, and grain growth must be
volumetric that follows the limitation of height-to-area

20 rule of grain growth. Whatever the cause, there is more
significant force on the grains 28 of the conductive layer
12 at the patterned edge 24, and these grains 28 follow the
two-dimensional grain growth model due to the presence of
the barrier layers 14. The combination of stress and the

25 grain boundary instabilities of the grains 28 lead to grain
growth later during annealing or another high temperature
excursion. The grain growth depicted for the grains 28 in
Figure 5 has been seen in actual hardware, with metal shorts
resulting if the distance between the metal pad and its

30 adjacent metal line is less than or equal to the average

grain size of the grains of the metal pad.

A first solution provided by this invention to



annealing the first structure so that grains grow laterally fro t?f
. polycrystalline layer of the first structure and contact the ddﬂhy l;C‘2Q04
" structurewodi/7Bsiret hod according to claim1, wherein the prexemtipg nean
conprises the holes, the holes being aligned in a row al ong the patterned
edge and being spaced apart fromthe patterned edge and from each other a
di stance |l ess than or equal to an average grain size of the polycrystalline
| ayer. 4. A nmethod according to claim3, wherein the first structure is
spaced apart fromthe second structure a distance |less than or equal to an
average graiolvsl zehief drhublpal Vies Vistlalddne dayier ri%urA ®et hadyagearding to
claim 3, wherein the thermal processing conprises annealing the first
.structure & QHﬁﬁnﬁﬁmQﬁ$§ﬁQw§qéFﬁ%Qq%PfﬁQﬁﬁ%%éﬁpéﬁﬁcﬂﬁ§ﬁglPﬁﬁelﬁayer of

the first stenueldt dowarduinhe Serend SL-uctyr @yt ;dopet eﬁzgatg%aw
second structure. [R ~. LIB~V~=25705.doc:GVR ~ ~ o F ¢ Zoo4 14 6. A nethod
.accor di ng F@qﬂ%ﬁQﬂQQCQMﬁﬂ%ﬂQ%ﬁﬂmétpﬁﬁvéﬂﬁ-ngTﬁﬁam§t@énpﬁﬁsé§ bhe weeth, the
teeth beingoaligned idae W @lQng e Rl Leyned edag énggtpﬁ ghge of each
tooth being less than or equal to an average grain SrZe o e

pol ycryst aFlime |layer 327, Aheethiod hsc ofr diheg duomg! aiime632whedetnehhk t eet h
are spaced,ap f t :and r.u e a distance ss_than or equal to
an average3gr§?% §%§§ho %t%%Q%%I&%%fsgégﬁiﬁg © u%?.EQ.Lﬁ?n%Yﬁﬁﬁg%ccording
to cl ai m 6graher silret bd tther rehdpcodessilageconpr.i sesganneal ragrébentir st

structure t [ r-ow, laterally.fromthe pglycrystalline |ayer of
the first gg?u%?%ﬁgggg%%r%ftﬁ%esgggﬁacéﬁyﬁcgéysrbgg §8l¥8v*%%ntact t he
secbhd stracherding. of mbehoetaddordicngnt a0cl dumidg wheeri twd hgrptevent i ng

means coOnpkigsS e atterned edge of .the first structure, the size
of each co?%eg%rgg?oﬁgggﬁngaﬁeég ehan gﬁggaﬁgﬁytbngﬂ QURFage Gt et nt&F ze of
t he pol ycrgsmall ilneel a¢er. 2t0orAimst hodtaecexdilagat okl gt ov ddedhaseia, t he

corner regkﬁgsgggiEQeBQagggrQggwn as having grown because they were
unstable as a result of having fewer than six grain

15 boundaries prior to annealing. The larger of the grains 38
contacts the dummy line 32, but with no detrimental effect
since the dummy line 32 is not connected to any circuit
device. On the other hand, the additional trench 30 has
resulted in the larger of the grains 28 - originally

20 unstable and prone to grain growth in Figure 5 - being
stabilized as a result of the edge 36 of the dummy line 32
producing a sixth grain boundary. As a result, the larger
grain 28 has not grown during the thermal treatment, and
therefore the metal bridge 20 shown in Figure 5 has not

25 occurred in Figure 6.

Figures 7 through 10 illustrate other embodiments
for preventing or at least inhibiting metal bridging in
accordance with the teachings of this invention. In Figure
7, a row of holes 40 has been etched or otherwise formed

30 near the patterned edge 24 of the metal pad 16. The holes
40 are sized and located so that grains surrounding the

holes 40 will not extrude into the trench 22 between the



edge are spaced apart fromthe second structure a distance_less
. equal to an average grain size of the polycrystalline layer. i Tﬂéﬁh@@g4
“according to_claim9, wherein the thermal processing conprises annealing

the firsYOd7fture so that grains grow laterally fron1?E€T%BPV8FW%talllne
| ayer of the first structure toward the second structure but do not contact
the second structure. [R',.LIB~VJ25'1@0S-doc G'R 1 ~ DEC ZOO-r 15 12. A
nmet hod according to claim1l, wherein the multilayer structure is
metal lization of a mcrocircuit, the first and second structures are
el ectricall nsul_at d from each ot her, and_the nethod prevents electrical
shorting %%¥ﬁ£eﬁa@hé fPRdt 1 hpdeSirerRt StetRt utese 18, Aiketmobeadcording to
clai m 12, ,yher ek gt herpoknerystad lime |fﬁ¥e}5e'§r el ect r#ﬁé"ég\_/sggﬂé' ctive

| ayer and the constraining layer is a diffusion barrier Tayer met hod'
accor di ngPeeveen| adidcentr habes chHhmprnd it waen stlep fleeat ngnd hehéir st
structure asstQrcauseLat er [ h
eIectrlcaf?@econductlveq?ayer eré%fm¥%§;¥£ ééféﬁé@ﬁf E%rd%% ©15. A
nmethod aceoriésy tharl dien dBsraderaiain hel 2¢ ecf rilval dyrdondis | y@éﬁyer is

an al unmn c r ositi,on. thod according to claim13, wherein
t he dlffugggn arr|%%g$a§%rthe %&nﬁ of - orie° orbr e Frat €1%l s chosen from

t he groupticensisténgowidtdi sfenntmnd tHd@nd i 1 ide: Aiuledet hod
according to claim 12, wherein the nultilayer structure is forned to have a
t hi ckness of up to 0.25 mcroneter. 18. A nethod according to claim12,
wher ei n the thermatn priopesss gy ooy, %e&@mrlﬁﬁléq&gaﬁél%ﬁaiﬁéi sddietag e so

panod Guiyredes B dda DT PNV 1SN0 B ed o

10 in Figure 7. 1In Figure 8, each hole 40 is directly inboard

from a tooth 42, while in Figure 9 each hole 40 is directly
inboard from one of the gaps 44 between the teeth 42. In
each of these embodiments, the size of each hole 40, tooth
42 and gap 44 and the distance between each hole 40 and its

15 nearest edge 24 or gap 44 is approximately equal to or less
than the average grain size of the conductive layer 12. In
accordance with this invention, the conductive layer 12
within each tooth 42 does not extrude or grow laterally into
the line 18 because of the bamboo grain structure within

20 each tooth 42 as a result of the size/width of the teeth 42,
for the reason discussed above in reference to the metal and N
dummy lines 18 and 32 of Figure 6. Furthermore, any lateral
grain growth that might occur within the gaps 44 will not
result in a metal bridge as a result of the greater width of

25 the trench 22 at each gap 44.

Finally, Figure 10 shows the patterned edge 24 of
the metal pad 16 being etched or otherwise formed to have a
stepped profile, with corners 46 of the metal pad 16 at
opposite ends of the edge 24 being closer to the adjacent
30 metal line 18 than the remaining interior region 48 of the

edge 24. Similar to the teeth 42 of Figures 8 and 9, the



14 DES 200 16 of the first structure toward the second structurtﬂp@wm
., contact the second structure. 19. A nethod according to claim1l1, whered 4
“the firstygh{sgtyure is spaced apart fromthe second strucjdyp (fi/()qji‘ﬁt ance

| ess than or equal to an average grain size of the pol ycrystar I ne | ayer,
20. A multilayer structure conprising: first structure and a second
structure on a substrate, each of the }fr"st and second structures
conprising a polycrystalline layer and at | east one constraining |ayer, the
first structure having a patterned edge that is spaced apart froma

patterned edgerofshhsc§e68ndess ragtare; PEMS LT RU LY ENE | Bg, £ODL act
bet ween the patterned edge of the second structure ‘and grains that have

. grown | at ekl $yz¢r bhfR heo pble ex YRIPERIgEr dIN thiezd | oSt tise raetdwecivnard t he
second StryGlire; ot heygeansehel 10 Ale | Easle 00 £hpse,HE 9 Lle Ofoup
bet ween and space

consi sting of ;" a dummy structure apart~from fie first
structure badterhk sezondystviict el exoeprdaregrai sandat bdavesgr dwa

| ateral ly the first r re and contact t d structure, .the
dum‘r{’/ st rurr& 'g£rrie g%%%r%mgs%ﬁ etl’ul%gLl‘%ng:aecrte]lc1lorglpxz}lergtlCf'riL o“{ﬁet%]g%?s é%? r%%t?ﬁe and
t he secondtls¢ ruetal epad dl 6t eanosn t iesisl vt hahinom Rl atw Bes aMer Bgey gs@li & Si ze

of the polycrystalline Layers: .holes near the patterned. edge of the first
struct ure;rx te%fhbjéjr%%% %%ée[mlpn tbeerWe%eréatgée o]fntt%élcfri ST 5% Ut lﬁ‘%%{ t_terh'\:é t eeth
proj ect i ngné towiar i tdiel Sexond sdguict wrfe lanckibel Rl oserow tthevset onge

structure than remai n{E?g portions of the patterned edge that are between
the teet h:"&rtt [R2%. 1% Dv~, ~] 257p5 doc: GVR 14 SEC Q004 17

10 While the invention has been described in terms of
preferred embodiments, it is apparent that other forms could
be adopted by one skilled in the art. For example, while
described in the context of metallizations for
microcircuits, the teachings of this invention are

15 applicable to other applications where fine narrowly-spaced
polycrystalline structures of essentially any type of
material (e.g., conductive, dielectric or semiconductive)
are desired. Accordingly, the scope of the invention is to

be limited only by the following claims.



steps along the patterned edge of the first structure so that the first

. structure has corner regions at opposite ends of the patterned eﬁqp Dgtt
are closer to the second structure than a remai ning portion of the 2004
patterned edge between the corner regions. 21. A nultilayer structure
according to claim 20, wherein the preventing neans conprises the holes,
the holes being aligned in a row al ong the patterned edge and spaced apart
fromthe patterned edge and from each other a distance |ess than or equal
to the average grain size of the polycyystalline layers. 22. A nultilayer
structure according to claim?21, wherein the first structure is spaced
apart fromthe second structure a distance |ess than or equal to an average
grain sigeaflist he pol ycrystalline layers. 23. A nultilayer structure
according to claim 21, further conprising grains grown |aterally fromthe
first structure toward the second structure but not contacting the second
structure. 24. A nultilayer structure according to claim20, wherein the
preventihg nefanwtcadrpompesing lilee stepsiof: t he teeth being aligned in a row
along the patterned edge and the size of each tooth being approxi mately
equal to an deEninged grdilayesistwichrecpapsisingc pelyeystaiine) layerrand at least

~R ~. . ~.10v~~z25~0S. ~0~: cva 1 ~ DES 200 18 25. A nultilayer structure
accor di & ePstiaiNine avenRB ReIUPSHRE t eet h are spaced apart from the second

ol yoryst ar | i Agares b Re: e Al Al B P OETOP R AREE™ 2 m 2,
f h I.Sh-00: ' eyt f j d
the. seco st e dh W e i EELEREHIS (i pfpaur fosing aver

mul ti | ayﬁétttﬁ’hééi‘%ﬁ & 8nAGE @P%éagadﬁa?t bRl ApaRerneBaidRierbtthe sBESHESFidIGreTEaNs
conprises the stepped patterned edge of the first structure, the size of

each corgef region being less than or equal to an average grain size of the
pol ycrystalline layers. 28. A nmultilayer structure according to claim 27,
wherei n t he csubjemtingdbe omdtilafert steugbaret torthermaldyecessingspateantalgatausé r om t he
second structure a distance |ess than or
grain growth in the polycrystalline layer of the first structure;
wherein the patterning step produces means for preventing contact between
the patterned edge of the second structure and grains that have grown laterally from
the polycrystalline layer along the patterned edge of the first structure toward the
second structure, the means being at least one chosen from the group consisting of:
patterning the multilayer structure to form a dummy structure between and
spaced apart from the first structure and the second structure, the dummy structure
being spaced apart from the first structure and the second structure a distance less
than or equal to an average grain size of the polycrystalline layer except for grains
that have grown laterally from the polycrystalline layer of the first structure and
contact the dummy structure as a result of the thermal processing;
patterning holes near the patterned edge of the first structure;
forming the patterned edge of the first structure to have teeth that project

toward the second structure and are closer to the second structure than remaining

portions of the patterned edge that are between the teeth; and

[RALIBW]25705.doc:GVR



equal to an average grain size of the polycrystalline |ayers. 29. A

. multilayer structure according to claim27, further conprisin S gromn
|laterally fromthe first structure toward the second structure guihg
contacting the second structure. 30. A multilayer structure accordlng to
claim 20, wherein the multilayer structure is netallization of a
mcrocircuit, the first and second structures are electrically insulated
fromeach other, and the preventing nmeans prevents electrical shorting
between the first and second structuresy [R ~.LIBbV~2p?CS.doc:GVR 1 ~ o E
C 2004 19 31. A nultilayer structure according to claim 30, wherein the
polycrystalline layer is an electrically-conductive layer and the

constr.af 11 N9 ke 8 rAphidd QU LARE B sthYRe to T sl 10 LR gtuct ure

according to ¢ onprising grains grown er al romthe

el ectri Cs?efddur‘é%%trhé/rareb%hgrat Bhpbdie &ldsSdf thE etk dq)eatdt breedégmad
structure. 33. mul tilayer structure according to claim 31, wherein the

el ectri cmlels;ec@mdtma(ttur/eetHaayaaremanmg prtion ofithecpitaned edpe detwean thed. A
mul tilayer structure according to claim 31, wherein the diffusion barrier
| ayer i scdroensed of one or nore materials chosen fromthe group consisting
of titaniumand titaniumnitride. 35. A nultilayer structure according to
clai m 30, wherein the first and second structures have thicknesses of up to
0.25 m croneter A mul tilayer structur ccor to claim30, further
compri si g gr%m%h@cﬂ BeoTAiag &p 1A b vRreiRehe & %re? @f&qqswﬁe PIFERESS ¢ he
first struct rdt e _sec structur but ntact.i cond
st uct or @eshg ettt Sl §F PR lpd S0 Tardiryy Hra A RSB RE e
first stomipblis i gtm&%% ERfscs the AMPsBEGARE Structure a distance |ess
t han or equal ave

3. A method according to claim 1, wherein the preventing means comprises the

holes, the holes being aligned in a row along the patterned edge and being spaced

apart from the patterned edge and from each other a distance less than or equal to

an average grain size of the polycrystalline layer.

4, A method according to claim 3, wherein the first structure is spaced apart from
the second structure a distance less than or equal to an average grain size of the

polycrystalline layer.

5. A method according to claim 3, wherein the thermal processing comprises
annealing the first structure so that grains grow laterally from the polycrystalline layer
of the first structure toward the second structure but do not contact the second

structure,

[RALIBW 25705 doc:GVR



grain size of the polycrystalline layers. [R ".LIW] 25, CS. doc DEC
. 2004 20 38. Metallization of a mcrocircuit, the netallization%/gngrgléigﬁﬁ

a first structure and a second structure on a substrate, each of the first
and second structures conprising an electrically-conductive polycrystalline
| ayer and at | east one constraining |layer, the first structure having a
patterned edge that is spaced apart froma patterned edge of the second
structure, the polycrystalline layers of the first and second structures
bei ng characterized by grains with subgtantially equal average grain sizes;
and neans for preventing contact between the patterned edge of the second
structure and grains that have grown |aterally fromthe patterned edge of

the firsd struglcdicd hQWRAdiIAg tHRIa%R A0 DFhepdih URé BFdentiRg MERRSCORRIES e | east
one chosen fromthe group Consisting of. a dunmy structure between and

spaced apatt, the esathbeirfd slRinedtin aabursornthd pertearaedrdgs tandahesize df acklumy
structure conprising an electrically-conductive polycrystalline |ayer and
at | easttootiebeingd¢gsahan ng ehagieo,ant hveragd grairy sizabf theepolugrystadinet!digerdunmy
structure being characterized by grains with an average grain size that is
substantially equal to the average grain sizes of the polycrystalline

| ayers of the first and second, structures, the du structu hayi ng two
pa%/terne7d eddedathed aggording fe i Pamyhereig e ﬁ‘neetgﬁrm?%%%ﬁ‘f%%gg’om %ﬁehg first

and second structures i stance | ess tk rage grain

Si zes OfsetcHgdfsPrpgttu,re g&@%ﬁ@geaﬁaswes@?ﬁ&%ﬁgg%gégwnf% (gf\r/tg]lens t hat have
grown | r : he first structure and contact the dumry structure;
hol es n%@yﬁkéetgwé%?@retrrfed edge of the first structure, the hol es being

spaced apart from each other and fromthe patterned edge of the first
structure a distance ~~.,.i.nmpzs,0; ~n,c:~nt ~ 4 ~ E C 2004 21 less than
or equalgto theneaanNed agrdingitd chiimes wiferéihehe chetera) praddssing doayeises of t he
first and second structures; teeth along the patterned edge of the first
st r uct urannealieg theefitst stroptice 5o ghataraing growe [atecdiy drar the palyerystadlinsliave
closer to the second structure than remai ning portions of the patterned
edge t hat®f Hedirgestiedvre: towar@ Bignsecond stisiairg bukde ot 68IaChENenzfCcap®r oxi nat el y
equal to the average grain sizes of the polycrystalline |ayers, each tooth
bei ng sp%&lécgur&part fromthe second structure a distance | ess than or equal
to the average grain sizes of the polycrystalline |ayers; and steps al ong
the patterned edge of the first structure so that the first structure has

corner TG 0Nk nthORBER:ifigt Ll 1, iifer BRlthE REerfiRgmédKA cihfidecaner 1O

t he second structure remai ni'ng portio patterned edge between
t he cor ngepp&dpetisinetit@igeict ehoFfir36ctLnE e siegifaacheonger regdntdeary or equal
to the average grain sizes of the polycrystalline | ayers, and each corner

r egi on blesnthapaceglahpaeh afem@getdnainsizeorfdhs polyctystaline @iyst.ance | ess t han or
equal to the average grain sizes of the polycrystalline |ayers. ~

R ".1.11314' ~2~"O~.cIm(~VR . A A . A3, . AA2. AlaF. A .A3. A A .AAE. A A

2 2 7, 2 2 ~
P A2 A?O.' A&A 'mAéSngcliq éécl_cﬁdf?]‘g'télt@imﬁ%uvv\{hepr@npf é'c’or%s;ecr;:rggions o?the patterned

edge are spaced apart from the second structure a distance less than or equal to an

average grain size of the polycrystalline layer.

11. A method according to claim 9, wherein the thermal processing comprises
annealing the first structure so that grains grow laterally from the polycrystalline layer
of the first structure toward the second structure but do not contact the second

structure.

[RALIBW]25705.doc"GVR
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17. A method according to claim 12, wherein the multilayer structure is formed to

have a thickness of up to 0.25 micrometer.

18. A method according to claim 12, wherein the thermal processing comprises

annealing the first structure so that grains grow laterally from the polycrystalline layer
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the second structure a distance less than or equal to an average grain size of the

polycrystalline layer.

20. A multilayer structure comprising:

a first structure and a second structure on a substrate, each of the first and
second structures comprising a polycrystalline layer and at least one constraining
layer, the first structure having a patterned edge that is spaced apart from a
patterned edge of the second structure; and

means for preventing contact between the patterned edge of the second
structure and grains that have grown laterally from the patterned edge of the first
structure toward the second structure, the means being at least one chosen from the
group consisting of:

a dummy structure between and spaced apart from the first structure and the
second structure except for grains that have grown laterally from the first structure
and contact the dummy structure, the dummy structure otherwise being spaced apart
from the first structure and the second structure a distance less than or equal to an
average grain size of the polycrystalline layers;

holes near the patterned edge of the first structure;

teeth along the patterned edge of the first structure, the teeth projecting
toward the second structure and being closer to the second structure than remaining

portions of the patterned edge that are between the teeth; and
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second structure than a remaining portion of the patterned edge between the corner

regions.

21. A multilayer structure according to claim 20, wherein the preventing means
comprises the holes, the holes being aligned in a row along the patterned edge and
spaced apart from the patterned edge and from each other a distance less than or

equal to the average grain size of the polycrystalline layers.

22. A multilayer structure according to claim 21, wherein the first structure is
spaced apart from the second structure a distance less than or equal to an average

grain size of the polycrystalline layers.

23. A multilayer structure according to claim 21, further comprising grains grown
laterally from the first structure toward the second structure but not contacting the

second structure.

24. A multilayer structure according to claim 20, wherein the preventing means
comprises the teeth, the teeth being aligned in a row along the patterned edge and
the size of each tooth being approximately equal to an average grain size of the

polycrystalline layers.
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apart from the second structure a distance less than or equal to an average grain size

of the polycrystalline layers.

26. A multilayer structure according to claim 24, further comprising grains grown
laterally from the first structure toward the second structure but not contacting the

second structure.

27. A multilayer structure according to claim 20, wherein the preventing means
comprises the stepped patterned edge of the first structure, the size of each corner

region being less than or equal to an average grain size of the polycrystalline layers.

28. A multilayer structure according to claim 27, wherein the corner regions of the
patterned edge are spaced apart from the second structure a distance less than or

equal to an average grain size of the polycrystalline layers.

29. A multilayer structure according to claim 27, further comprising grains grown
laterally from the first structure toward the second structure but not contacting the

second structure.

30. A multilayer structure according to claim 20, wherein the multilayer structure is
metallization of a microcircuit, the first and second structures are electrically insulated
from each other, and the preventing means prevents electrical shorting between the

first and second structures.
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32. A multilayer structure according to claim 31, further comprising grains grown
laterally from the electrically-conductive layer of the first structure toward the second

structure.

33. A multilayer structure according to claim 31, wherein the electrically-

conductive layer is an aluminum-copper composition.

34. A multilayer structure according to claim 31, wherein the diffusion barrier layer
is formed of one or more materials chosen from the group consisting of titanium and

titanium nitride.

35. A multilayer structure according to claim 30, wherein the first and second

structures have thicknesses of up to 0.25 micrometer.

36. A multilayer structure according to claim 30, further comprising grains grown
laterally from the polycrystalline layer of the first structure toward the second

structure but not contacting the second structure.
37. A multilayer structure according to claim 30, wherein the first structure is

spaced apart from the second structure a distance less than or equal to an average

grain size of the polycrystalline layers.
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38.  Metallization of a microcircuit, the metallization comprising:

a first structure and a second structure on a substrate, each of the first and
second structures comprising an electrically-conductive polycrystalline layer and at
least one constraining layer, the first structure having a patterned edge that is spaced
apart from a patterned edge of the second structure, the polycrystalline layers of the
first and second structures being characterized by grains with substantially equal
average grain sizes; and

means for preventing contact between the patterned edge of the second
structure and grains that have grown laterally from the patterned edge of the first
structure toward the second structure, the means being at least one chosen from the
group consisting of;

a dummy structure between and spaced apart from the first structure and the
second structure, the dummy structure comprising an electrically-conductive
polycrystalline layer and at least one constraining layer, the polycrystalline layer of
the dummy structure being characterized by grains with an average grain size that is
substantially equal to the average grain sizes of the polycrystalline layers of the first
and second structures, the dummy structure having two patterned edges that are
spaced apart from the patterned edges of the first and second structures a distance
less than or equal to the average grain sizes of the first, second and dummy
structures except for grains that have grown laterally from the first structure and
contact the dummy structure;

holes near the patterned edge of the first structure, the holes being spaced

apart from each other and from the patterned edge of the first structure a distance
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less than or equal to the average grain sizes of the polycrystalline layers of the first
and second structures;

teeth along the patterned edge of the first structure, the teeth projecting
toward the second structure and being closer to the second structure than remaining
portions of the patterned edge that are between the teeth, the size of each tooth
being approximately equal to the average grain sizes of the polycrystalline layers,
each tooth being spaced apart from the second structure a distance less than or
equal to the average grain sizes of the polycrystalline layers; and

steps along the patterned edge of the first structure so that the first structure
has corner regions at opposite ends of the patterned edge that are closer to the
second structure than a remaining portion of the patterned edge between the corner
regions, the size of each corner region being less than or equal to the average grain
sizes of the polycrystalline layers, and each corner region being spaced apart from
the second structure a distance less than or equal to the average grain sizes of the

polycrystalline layers.
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