1 9 AUG 2004 WO 01/ 67500 PGT/ USCOL/ 07336 METHODS FOR MAKI NG NEARLY P@AHE%MR
Pl ELECTRI C FILMS | N.I NTEGRATED Cl RCUI TS Rel ated Application This 1
application is a continuation of U S. Provisional Application S 601187, 658,
which was filed on March 7, 2000 and which is incorporated herein by
referencewolwsisni cal Field The present invention conegpggsmamidods of naking
integrated circuits, particularly nmethods of malting netal nasks and
dielectric, or insulative, filnms. 10 Background of the Invention
Integrated circuits, the key conponents in thousands of electronic and
conput er products, are connected netmorks of electrical conponents

fabricated on m—pﬂaﬁgrpdlpwgﬂa?qm typically
build the circuits layer ﬁ* er u5| ng tec%ﬁmlgggﬂtg s dopi ng

nmaski ng, and etching, 15 to GRATER(IRCAAES even il lions of micr oscopi c
resistors, transistors, and other electrical conponents on a silicon

substrate, known as a wafer. The conponents are then wired, or
i nt er connect ed, together to defeltedAnplieationi c el ectric circuit, such as a

conput er msrmry Thieapplitatiod i3 @ corftiniiition bf U'S! ProdsibalPhpfiRidan s flatness, or
pl anarlty, | ayer,s, of the integrated circuit. For exanple,
pl anarity SI ﬁ@énﬁfﬁ"é‘r‘{‘m 2090 and which is pcomeried bengi ng process,
known as phomminceIg or photolitography, which entails focusing light on
light-sensitive materials to 5 dgfjne ific patterns or structures in a
| ayer of an integrated circuit dﬁ“{'ﬂfgi{)‘@focess t he presence of hills and
valleys in a Iayemmvmwmagemmmmn égmmui of focus,
" scausi hg phot uhﬂﬁﬂigqnédf‘oﬁﬁ ki éﬁ I I nt ended.

Mor eover , and va Ie% ca £?| ec? l+de£l?1€mt'f Yﬁ' to ot her
regi ons 01l a | ayer and add MﬂmfdlefIOMs such as notches, to
desired 10 feat UrBGgmaki S& %ﬁ&nﬁg §¥8| | f the | ayer is
sufficiently El anar . One process I'n surface ?%% or planar is
known as che
Cheni cal - WECMﬁbMoanBﬂﬂfohWaﬁ&x,wsubM. Fabnca:ontypxmllybmldﬂ;e

circuits layer by layer, using techniques, such as doping, masking, and etching,
15 mfonnﬂmusandsandevcnminionsofmimscopicresistom,mdsmand
other electrical components on a silicon substrate, known as a wafer. The
'compmrsarcthmwired,orintmnnected,togeﬂ:ertodeﬁneaspeciﬁc
electric circuit, such as a computer memory.
Oneimportantoonmdm-ingfabﬁcnﬁonisﬂam_ess,o;plmaﬁty,of
various layers of the integrated circuit. For example, planarity significantly
aﬁ'ectsmcwmnacyofaphoto—hnagingpmess,bowngsphotomaskingor
photolithography, which entails focusing light on light-sopsitive materials to
5 define gpecific pattems or structures in a layer of an integrated circuit. In this.
process, the presence of hills and valleys in a layer forces various regions of the
. layer out of focus, causing photo-imaged features to be smaller or larger than
intended. Moreover, hills and valleys can reflect light undesirably onto other
regions of a layer and add undesirable features, such as notches, to desired
10 features. These probiems can be largely avoided if the layer is sufficiently
planar.
One process for making surfaces flat or planar is known as chemical-
mechanical planarization or polishing. _Chemical-mechanical planarization



1 9 AUG 2004 WO 01/67500 PGI/US01/07336 typically entails applyin @ Lhﬁmf
contai.ning ahrasive particles to_a surface of an integrated circul A
polishing the surface with a rotating polishing head. The process is used
frequently to planarize the insulative, or dielectric, layers that He

bet ween |wpoigsel netal wiring in integrated circuitperddeessd nsul ative

| ayers, 5 which typically consi st of silicon dioxide, are sonetines called

i nt er net al di.el.ectr, er | n canv ntJonaI i ntegrated-circuit
fabrication, ?h%l ??XE ﬁmp @’ ‘ﬂ?@%%%%@%ause each

i nsul ati ve | aummgmmmmmmmmmmpmwfmhe under | yi ng
nmet al vmrlng sim.| ar a_hed. e ont ours of
what ever @Wﬁ?“ﬁ%@%ﬁ% ﬂ%ﬂlﬂ‘gﬁﬁé’a Wiﬁy n insulative
| ayer rruch t Hoetwlean laydesiof nnstal eviringriy integrated vieuits. [Ehcsrnsalative layersy and  t hen

pl anarize th . 0 e & iy ¥9| | eys.

Unfort unat?al 5’“{' s‘#/%?\'l% nﬁ‘gfyﬁﬁﬁ?%ﬁﬁﬁs@rﬁﬁéﬁese Internmetal dielectric
| ayers suf f erdiflactinlayers) nenvantionabintepriatetgircuftifsbrication, iplanprizationsd of

cheni cal - mechgai ﬁ?émEln@&%éﬁ)géahmaéhjnéﬂﬂﬁvﬁ%&'te&&lt@fdnwltﬁéI:ﬁ:lﬂSt ly but also
quite 15 tine cohsum ng secon ness of these |ayers
general |y v ardod valleysofithraiodesTyingmetal istse, Amilas 03bs way ahed sheste of under | yi ng

Wi ring. @ca%mlwmnmmemme&sdan@tMWwring under a
| ayer too _close to nmetal wring on the |ayer, encouragi ng shorting or Eng.

Crosst al k,19a “ﬁ‘!ﬂé‘ﬁ% WWWW“%%WQ‘%W@M ens, occurs when
signal s from;ﬂ& i thefinshlafiveagke 50 reblechelHilinad @illegd or conmuni cated to

anot her nearby w Acgor di ngl t he art nee faprication nmethods that
reduce the need t@%fm ’g}#@ﬂ%ﬁ’;ﬁ m%‘l’%rs, that reduce
t hi ckness var&dﬂMam&ﬁaﬁmdtwyemprwﬁns ititst, thejprooess of hei r el ectri cal
properties geper M ]Sumﬁ Yo E %% ss these and
ot her needs, e | nventor gevieeq varl o v?ﬁ I&T’i’%&kﬁng dielectric

| ayers on lﬁetliuneﬁoam mm&mmeMrsmvm mechani cal

pl anari zati on, Q& WF&H );,ﬁ%mggg Xuigl?t hod of the
i nvention form; a nmeta er vmth a pro et'erhuned nmaxi muntfeature spacing

and then uses%mmmwlwaﬁﬁﬂmmnwﬂm%d) oxi de 30
deposi tion pr m@ﬁmb IctoRstddaNg. o Ly planar or
?gﬁzlm &?nSQMeH st |°g§mmwepexemy met hodﬁg(&cgétss a CvD
20 one wire are undesirable transferred or communicated to another nearby wire.
Accordingly, the art needs fabrication methods that reduce the need to
planarize intermetal dielectric layers, that reduce thickness veriation in these
layers, and that improve their electrical properties generally. '
Summary of the Inventlon ,
25 To adidress these and other needs, the inventor devised various methods
of making dielectric layers on metal layers, which reduce the need for chemical-
- mechanical planarization procedure. Specifically, a first exemplary method of
the invention forms a metsl layer with & predetermined maximum feature
spacing and then uses a TEQS-based (tetracthyl-orthosilicate-basex) oxide
30 deposition procedure to form an oxide film having nearly planar or quasi-planar
characteristics. The exemplary method executes a CVD (chemical vapor
deposition) TEOS oxide procedure to form an oxide layer on a metal layer
having a maximum featare spacing of 0.2-0.5 microns.
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deposi tion) TECS oxide procedure to forman oxide [ayer on a metal zld %&fﬂ""
havi ng a nmaxi mum feature spacing of 0.2-0.5 mcrons, 2 1 9 AUG 20(]

01/ 67500 PCT/ US01/ 07336 A second exenplary nethod i ncl udes voids within the
oxide, or nore generally insulative, filmto inprove its effective

di el ectri oweesssomnt and thus inprove its ability to ppgRvRighsghorting and
crosstal k between nmetal wiring. Specifically, the exenplary method uses a

TECS process at a Qn .5 sufficient to encourage t he
formation of voi dsA a:n'g ﬁmﬁ BéJ" 0xide, oL nf or ral rate of
deposi ti OP tcﬁﬂB@dlYvaalﬁdmmMmemmwinowf am%thﬁ [ pvent | gn usgs
a non-confor e nati on of voids an
then a nore gﬂﬁ ?%@'ﬁdtg [}SI telgton %ogﬁﬁ‘wgﬁ APREr d exenpl ary

met hod i ncr eaSpseifieally, thﬁmpmmeﬂ@dmaﬁespmuanbﬂcmﬂdndrm to facilitate
formation gf ﬂuﬁc%f‘ﬁteﬁémnqg%@%ﬁi ni formthicknesses.
The third exenplary neth dd ogﬁéﬁg’%ﬁ@@&% og‘ﬁﬂsg s in a netal

| ayout and t A c@ermatrateebdapsitants seal thevoids. Momqfdbﬂshomcahdl ng to an
iterative prag

Wﬁﬂhﬁ% chdiret8)] &a,fc fers and
novi ng sel ect ed dig‘ges of the |ayout. I?E)BI’I ef %c ptlon o# t he Draw ngs
Figure 1 is avoMs ‘F‘P’GWWMWWMO@M egrated-circuit assenbly

10 i ncl udi ng a substhinbé@mp Wﬂ{%ﬁﬁw fhdd 14c. Figure 2 is
a Cross-s al of t he. Fi gu ntegrated-clrcult asserrbly after
f or mati on ‘EH tf?\#ﬁ’% %HWQFWW’QYWNW including a 20
portion 16a vutiﬂarm/ﬂnicﬁlﬁesm.dmm&xuqﬂarjlzﬁhthmidﬂ@ﬂ&m*d meGltobpure 3 is a
cross-section Yd Ew f the E as er a facet etch to

| nprove the p?gﬁal‘l (%?yoP #h%l%’&“lg—ﬁ f‘@%‘ﬁ‘“& ®sectional view of
the Figure 3 m&mmmﬂmmmmﬁumwmmw 18b, and

substanti al | y %% yer 25 20, including a portion 20a with
voi ds and a portlon out “voids; Figure 5 is a cross-sectional view

of a partildl integrated-ci mmmmq-emmm uding a substrate 22 and
e S s T et s
Figure 2 is a cross-sectional view of the Figure 1 integrated-circuit
assembly after formation of a substentially plenar insulative layer 16, including a
20 portion 16a with voids and a portion 16b without voids:
Figure 3 is a cross-sectional view of the Figure 2 assembly after 2 facet
etch to improve the planarity of layer 16;
Figure 4 is a cross-sectional view of the Figure 3 assembly after
formation of metal wires 18a and 18b, and substantially planar insulative layer
25 20, including a portion 20a with voids and a portion 20b Without voids;
Figure § is a cross-sectional view of a partial integrated-circuit assembly
21 including a substrate 22 and metal wires 24a, 24b, and 24c;
Figure 6 is a cross-sectional view of the Figure 5 assembly after
formation of an oxide spacer 26 and a substantially planar insulative layer 28,
' 30 inciuding a portion 28a with voids and a portion 28b without voids;
Figure 7 i5 a cross-sectional view of the Figure 6 assembly after a facet
etch to improve the planarity of layer 28;




formati on of an oxi de spacer 26 and a substantially planar insulative |a er
28, 30 including a.portion 28a with voids and a portion 28b wit hd®t Alboll

Fi gure 7 is a cross-sectional view of the Figure 6 assenbly after a facet
etch to inprove the planarity of layer 28; 3 1 9 AUG 2004 WD 01/ 67500

PCT/ USO1/ Qoaskrsd gure 8 is a cross-sectional view of pligsdiioshidé € 7 assenbly
after formation of rret al wires 30a and 30b, and substantially planar

i nsul ativc | ayer i,ncl udi n ortion_34a_w th voids and a portion 34b
Wi t hout voi ds; 5‘&“@8 ’r@‘ﬁ"&g‘ﬂ’é&‘ﬁ J‘t‘‘ﬁ?)lr":?&'r“"’\:"l"?W“B‘i-”’“Q'E'part|aI

i?,gt eggg;ed- ciﬁmﬁncﬁ'ﬁwﬂr& 300andB0b,1a6d MWy§Wiqkﬂhﬁef3ﬁeat hndF_met al \é\ll res
a, , an ure Vi ew o e Figure
assenbl y aftcejM qu?%'ffmég ‘?ﬁp%ﬂ?‘f“ 335%[@ é‘@ v eéY§'ubstant ially planar
i nfﬁl gt i ¥e I ayer Ei&wewﬁmsé:ﬁomenﬁvﬁmeWkgahra%dmg a][l exterrpl a{yI
met hod o 5T ek abrication of interneta
dielectric Iayers W m)reSé% unlinorm ilskk%gﬁsc Figure 12 is a partial
top view of a nmetBiguledmmncreshesiongl viewofitheFigen 8 agsérably afteet hod of Figure 11
adds net al %,P.BF ﬁ,gr@ua partial top
view of a net &%Latﬁag ts+1 exgr?*pu%ry rne‘Jthc?J(fFoé1 Figure 11 fills
notches in a net aFlginaﬂbmﬂﬂO Yustrating/an; exemplary method of mgdifyingw of a net al

| ayout showi M%ﬁth@ﬁqﬁi&é@n@iﬁ&nﬂﬁh&%ﬁﬁwﬁb&%?&%ﬁ%ks corners in a

metal |ayqQut; Figure 15 is a partial view of ' ayout show ng how t he
exenpl ary yure 11 fills in between opp05|ng edges of live

nmetal regions in a;gmmlp,ﬁa ncv?@fﬁh&hlﬂ@oﬁ@hb hAtei al view of a netal
I'ayout showi ng_hgw net hod of Figure noves edges; Figure
17 is a bl oclﬂﬂ?‘gﬂfﬁ?ﬁ’@& %%W ﬂ‘&h‘ﬂ"’f hosting and
executing a SOftV\ﬂfg&ellﬂﬁﬂwwhﬁﬂoﬁméﬁlﬂaﬁnWmﬂkt ern-filling nethod
of Figure lll;exan (2?5 Fi gﬁe 1§“11uss Bcid %DI f'leld schemati ¢ di agram of an

exenplary inte
15 Figure 14 is a partial top view of a metal layout showing how the

exemplary method of Figure 11 fills comners in a metal layout;

Figure 15 is a partial view of a metal layout showing how the exemplary
method of Figure 11 fills in between opposing edges of live metal regions in a
metal layout;

20 Figure 16 is a partial view of a metal layout showing how the exemplary
method of Figure 11 moves edges;

Figure 17 is a biock diagram of an exemplary computer system 42 for
hosting and executing a software implementation of the exemplary pattem-filling
method of Figure 11; and -

25 Figure 18 is & simplified schematic diagram of an exemplary integrated
memory circuit 50 that incorporates one or more nearly planar intermetal
dielectric layers and/ or metal layers made in accord with exemplary methods of
the invention. :

Description of the Preferred Embodiments

30 The following detailed description, which references and incorporates the
above-identified Figures, describes and illustrates specific embodiments of the
invention. These embodiments, offered not to limit but only to exemplify and
teach the invention, are shown and described in sufficient detail to enable those
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menory circuit 50 that incorporates one or nore nearly planar i”tetij’fhttlﬂllﬂm
dielectric layers and! or netal |layers made in accord with exenpla
nmet hods of the invention. Description of the Preferred Enbodi nents 30 The
f ol I'owi ng detail ed description, which references and incorporates the
above-i dembofersael Fi gures, describes and illustrates gPRaghidmgenbodi nents of
the invention. These enbodi ments, offered not to limt but only to
exenplify ang. e_i.nvention.. are.shown escribed in sufficient
detail to en%’tﬂ a‘&%’s&e AmRlerens oI TaEe S 6‘?%’%7@'5‘8- /3PRIGRYA7336 skilled in
the art to itwprddescuring tpiaentacthe Heciplioa riay omit cdtaiiinfonfigioe appropriate to
~avoid obscurm%w I r%ﬁiﬂ% the description may omt certain information
[ e

known to those o art. 5 F| gures 14 show a nunmber of -exenplary
i nt egr at ed- cHH ' - ) eRitmsvel y and sequential ly,

il'lustratg an ex W l‘ ﬂngnﬂ% &&E 2 -y asi Pl anar
dielectric fil m;g Ineﬁysg?vpsk| of lﬂlgéﬂ%ﬂ@@ﬁ@%bgs I nvention. As
used herein, WHWPWEWMWQFWF%WWWMI ocal

nonpl anar i t i AEfApIaPREas Siifr IHeRAO RInAIMAkyels Svifkn @E%@?S and 10 dept hs

| ess than the thrckness of the next netal. ayer to be ted. The | ocal

nonpl anar i t | SDGRISERE FvERHog Asaseshherein, f yi ng netal
features. Twith o0l beplanirities hpsﬁwaﬁsmlquammmalonal vi ew, begins

with for 0 ated-circuit _ass or. structure 10, which can
exi st Wi hr%p%lf‘ﬁakﬁf‘neﬁ? QL the pext “‘%?‘V@?gﬁb o8k at ed menory
circuit. 15 mmhwﬂﬂumowmmmﬂm&ﬂmwymim gSubstrate," as
:used heroin, m.conduct or waf er .1 as structures

havi ng one or m)rig |ns§?“a§|ﬂvE I'c P &?‘F‘t?é‘”&%gfﬁ%‘v or

sem conduct i mm-yef@mmmwmuywmmao wéhichieym exist t he term embraces
si licon-on- 'Mﬁﬁﬂ{ntc%ﬁ&é Qg B% h'%E pgdvanced structures.
20 Substrate 12 1 nc es lﬁﬁge r ot |ve WI res or con uctlve structures

14a, 14b,15anfssqml fydog agebsirste 13- (The temmdsebatoite,? asasedbereimpaci ng 14s. I n the

exerrpl ary GWMaﬂWW&ﬂ%W%%XoﬁQ&Q b000 angstroms
insulative, semi-insulative, conductive, or semiconductive layers and matcnals.
Thus, for example, the term embraces silicon-on-insulator, silicon-on-sapphire,
and other advanced structures,
20 Substrate 12 includes three representative wires or conductive structures
143, 14b, and 14c, with a maximum (or average) feature spacing 14s. In the
exemplary embodiment, wires 14a-14c are approximately 3000-6000 angstroms
thick and comprise metals, such as aluminum, gold, or silver, and nonmetals,
such as heavily doped polysilicon. Spacing 14s, in the exemplary embodiment,
25 is0.3 microns.
Wires 14a-14c¢ can be formed using any nnmbu'ofmethods, for example,
photolithography and dry etching. To avoid increasing feature spacing during
. dry etching, the exemplary embodiment forms a lateral-etch-resistant layer, that
is, a Jayer resistant to lateral etching, on a metal layer before etching. Examples
. 30 ofsuitable layers include a TEOS, oxide-nitride layer. Altematively, one can
add extensive serif features to the metal mask layout to avoid large open areas,
especially to reduce the diagonal distance between features.



thick and conprise metals, such as aluminum gold, or silver, and 19 AUG 2004
nonnetal s, such as heavily doped polysilicon. Spacing 14s, in the

exenpl ary enbodinent, 25 is 0.3 mcrons. Wres l1l4a-14c can be forned using
any nunber of nethods, for exanple, photolithography and dry etching. To

avoi d i ncrwasiergmf eat ure spacing during dry etching, pdrnssefessigp! ary
enbodi nent forns a lateral-etch-resistant layer, that 1is, a |layer

resistant to |ater hin na netal |ayer befaqre.etching. Exanples 30
of suitable |ayer sﬁbﬁg%ﬁ g‘ﬁ"ﬁ‘%&@f‘“‘@%ﬁ%ﬁf’f‘&%"ﬁ%ﬁ%ﬂ ternatively, one
can add ext emsulativedeyer I6 dvecsubstaie 12 and wiees hbd-bdb. bmekldlmgaut to avoid | arge
open areas, . @kl ed Pg@g ' bet ween features.
51 9 AUG 2003'3%%#%% Clly’&@gil |%hl}1@s§$°2ﬁ§“\,\§°’t hat the exenpl ary
met hod next emsekidyers 16aandilfly Sublayenifa inshudesa nmiprof voddsopasticubadpst rat e 12 "and
wires 14a- 160 yols@yPcrddin WSs fha ahd 4618 twifdd 140 a8 190 Rirne 000

angstrons, and 1 ncludes two yers or sublayers 1 ( Subl ayer. 16a
i ncl udes a nuipdiclegric aaptart. Sphlsyer Wbiiesither sebstantially vaidiesser includeswi res 14a and

14b, and bet Wegltakfall§ Sewk Runtieflofvifds thafd subliFér §8s e pleSentll SlvBfdl Il C constant.
Subl ayer 16b is_either substantially voidliess or_ includes a substantially

fewer nunber &S¥PIAYER \he radpees lateral clectrical qoypling hetween adiseent megt featetis in subl ayer

164 reduces | #rekahpie; beebdnivirds 148 15 Ghd Betivi@ Viref Ha3A6 Bid st @l  f eat ures,
for exarrplﬁ bet¥\een jres 14a and 14b and between wires 1l4a-14c and any 10
overlying thnQIEVME F'ﬁ?%g“'. The exenplary method forms |ayer 16 using

a conbi nation of alleeRemplanbethodfonanidys dfiistgrrbmbinitide ofiegmmsi tions. In
particular, it s, a.cvi T .!s@he@' cal._vapo eposit. |

tetraet hyl - ort%%é'lg}“} a(?gt"%'?mg’rgps m%g"—#ﬁ"ﬁé’gﬁéré)@gp% TEOCS) oxi de
deposi ti on pr dchemisalmaper depmition wirathyhbrttesiiiats) oi RECVILTEQS @lasmaSf or m
void-filled Sl@aﬁ%gr Vj{ﬁﬁ?‘d@inﬂﬁag%gsi -wf:iug ML= |E§§ gﬁ sition rate
to. a conforna rateCtQ orm su taIrllt_la y\gﬁ)ﬂﬁ)less su ay@% 16b. Figure 3
shows t hat 1%f Fae wofemyyaidyfilladisubigyer 16a5pids yodithen kiwew|thrdBOSdepesitioneve|  of

nonpl anari ty, ribip, Séahaiite BRbRAMLARERl vldaSsbiRe 161D ayer at an angle
of about 45 degrees to_inprove its global planarity. That |ayer 16b has 20
B 188, which

under gone further D#WE3sqwsdhat after forming syblayer 163, $&MEr ence nuner al
16b' .) level of nonplanarity, the exemplary method facet etches the sublayer at an angle

of about 45 degrees to improve its global planarity. (That layer 16b has

20 undergone further processing is highlighted by its new reference numeral 16b°))
The facet etch reduces or smooths any sharp trenches in regions overlying gaps
between metal features, such as wires 14a-14c.  As used herein, the term “facet
etch” refers to any etch process that etches substantially faster in the horizontal
direction than in the vertical direction. Thus, for example, the term includes an

25 angled sputter etch or reactive- ion etch. I

To optimize the slopes of any vias, one can perform the facet etch before
via printing. More specifically, one can facet etch after etching any necessary
viasandsuippingphotofesistwpmdméviashavinggwaterslopeand
smoothness.

30 Figure 4 shows the results of forming a second metallization level
according to the procedure outlined in Figures 1-3. In brief, this entails forming
conductive structures 8a and 18b on insulative sublayer 16b” and forming an
insulative layer 20 on sublayer 16b’ and conductive structures 18a and 18b.
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The facet etch reduces or snooths any sharp trenches in regions ovard m@ﬂ
gaps between netal features, such as wires 14a-14c. As used herei 0
term"facet etch" refers to any etch process that etches substantially
faster in the horizontal direction than in the vertical direction. Thus,
for exanpweewsB® termincludes an 25 angl ed sputterp?e;,.gga reactive- ion.
etch. To optim ze the slopes of any visa, one can performthe facet etch

before via ' k. cal.ly, ,one ¢ facet etch after etching
any necessary Vi em% %"%Fﬁ%ﬁ@l‘ﬁﬁd%’ﬁ% ‘anﬂrsmz havi ng
greater sl opeummmmmmwmbﬂswwmammﬁm%m of formng a

second et al | I n ced e 0 tllned I n Figures
1-3. In bri erb%algl’)l S en s %?'%%g“‘p‘&hdﬁwog ¥48a and 18b on

i nsul ati ve smmtyaddyﬁﬁﬁhasm@xmamsaﬂfatwmléw on subl ayer
16b' and condyedrmsg Structures 18a and 18b. 6 1 9 AUG 2004 WO 01/ 67500

PCT/ US01/ 07336 | nsul ati ve I ayer 20 I i ke | nsul at i ve I ayer 16; includes
void-filled subl¥dd SR8 g B ayer 20b' .

Subl ayer 20a InCIEQQ&_Qgng,r ﬂm& \fg,{ Iaﬁrjnﬁcaﬁ't QQQFM ive structures
18a and 18b. % gé@/ muzob VSas facoet %? to rove | %I anarity. Layer
20 has a thi 3 Fly g sequentialy dlluggo exerplgymethod. Fi gures 5-8
show a nunberof miking ez flasar britjuag mmem&my&smﬁ@mwosé fthe'hi ch taken

col lectively se nti.al | Iu trate a, second exerrp?ary met hod of
maki ng negér)l }’%g‘é g‘u"t??‘ aﬁ ’?f\'/d"ﬂ Pty applicable o maxypunk i n t he scope of
the 10 presemadmwmmmgmmmdumaeﬁkasmﬂaﬁM%Immappl icable to
maxi mum - et ghod eat an_ahout 0. crons or oxide
t hi ckness | ess tEg Eb‘g angs ﬂ%w ’tetrgmgjf}?"o%‘ﬁr""%‘g‘?'g‘ﬁ/‘%?‘a f or mat i on,
that is, viaabepsedangsgems.han about 4000 angstroms. More particularly,

Figure 5 shows th%tspgﬁ ?gmrg ﬁg‘i %{[IOH 5 of an
i nt egr at ed circuit a sengﬁ’h struct ureaﬁ wI‘I”Lt@’émﬁt‘é’gerrbl y 10 in

Figure 1, laffau -muﬁwlmssgmaumchdmewyem y 10 includes a
substrat e ZZWh@L&Q%&& ,@gg{,ﬁ%ﬁﬁ ’N&gih Pr conductive
structures 2 24 and 24c, wth a desire ature spaC| ng 24s. In the
exenpl ary subs which supports three representative wires or conductive structures

24a, 24b, and 24¢, with a desired feature spacing 24s. In the exemplary
~ embodiment, spacing 24s is greater than 0.3 microns, Some embodiments set a
20 minimum spacing of 0.17 microns. However, the present invention is not
limited to any particular spacing.

Figure 6 shows that the exemplary method next entails forming an
insulative spacer 26 and an insulative layer 28. Insulative spacers 26, which
consists of silicon dioxide for example, lies over portions of substrate 22

25 adjacent wires 24a-24c to reduce the effective separation of wires 24a-24c. The
exemaplary method uses a TEOS oxide deposition and subsequent etching to
form spacers 26. Insulative layer 28 has a thickness 28t of, for example, 4000

R angstroms, and includes two sublayers 28a and 28b, analogous to sublayers 16a

and 16b in the first cmbodiment. Specifically, sublayer 28a includes a number

30 of voids 27 between the wires to increase its dielectric constant, and sublayer
28b is either substantially voidless or includes a substantially fewer number of
voids than sublayer 28a. A two-stage TEOS oxide deposition process, similar to
that used in the first embodiment, is used to form layer 28.
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enbodi nent, spacing 24s is greater than 0.3 microns. Sone enbodinents set a
20- m ni mum spaci ng of 0.17 mcrons. However, the present invention 1% Abip2004
limted to any particular spacing. Figure 6 shows that the exenplary nethod
next entails formng an insulative spacer 26 and an insulative | ayer 28.

| nsul ati weospéswrs 26, which consists of silicon digpemgeissss exenpla, lies
over portions of substrate 22 25 adjacent wres 24a 24c to reduce the

ef fective separatd.on es .2 24c The ...ex . a nmet hod uses a TECS
oxi de deposi tion B -gﬂ’ﬂg’éé’ﬁle‘ﬁf‘ﬂ&a Ye5 285, “’S‘gﬁ g‘%ﬁ’c‘@ 26. Insul ative
| ayer 28 has leaeliofihanphasity, Btexa@lﬁ-pmﬂhocbﬁ@t#hoﬂﬁﬁ@ubmgﬂfaﬁm and incl udes
two subl ayer%{ﬁ%ﬂfa@'&d ngd us !3 ﬁ bl ayers 16a and 16b in the first
enbodi ment. Speclifrc Vv, %%(‘? [udes a nunmber 30 of voids 27
bet ween t he wi resFingﬂmweasasultssfﬁbrmheewondmmmmiwdnd subl ayer 28b is
ei ther subst ly P I#Eg ‘éﬁpﬁ: y fewer nunber of
voi ds thalr?sa%%ay %g %ut% éﬂg %7 ﬁ’%l%ﬁ epos on process, simlar
to that useaowwnwmﬁmmwwuhbmzmmmw 28. 7 1 9 AUG

2004 VWO 01/ 6 4500 /2GPdoHS bhPEARB1RY Ao 34] whIREVMke itlidlatitf1kyRf 24,07 M NG subl ayer
28b, which incl udes sorre Level of nonpl anarlt%, t he exerrpl ary net hod facet

et ches the sdifsiudsaooid-lied sublayen 34a angrsubstaatially yai i-mprove its gl obal

Pl an?rl téy- FlSﬁM_ﬁy%r&aiﬁtﬂnﬂ&\tdnﬂn g&w%%ﬂlﬁcﬁvegﬁﬁoﬂﬂeé@%mg d;fet <1':1_|h| i zat onI
eve cor |n 0, ocedure outlined in Figures is entails
f or mi ng 2@ s?%’ﬁffgﬁwmvﬁﬂﬂp%%n i nsul ative sublayer 28b" and

formng an pitd Fremalanodehal 2f B RINeaie 2\Riims 34, which, |ike
Vor d-r 'eéesLﬁYSLefwﬁ'@%%?v 9335' 58 S“b' eBygheada, o cos el ly
structures SWEHMMMMm&wdDMuWy illgstrtaaditicdet ched to inprove its
Pscombl i o, ALy dedforbih g Rl Bl B oyl 021 2P0 2R
exenpl arylﬁemmthﬁmmfﬂlgmtmﬁnmriammwlwmndl el ectric |ayers
ggc\(l)mnfjhl gmt:)g | ment, ?&cmﬁwwh odi rrent | S | nten%ef:lhl?ol;l ;zﬁ magg
i nsul ative  flmson metal layers with maximum feature spacing up to about 0.5 microns.
Figure 9 shows that the method begins with formation of an integrated-
circuit assembly or structure 35, which like assembly 10 in Figure 1 and
20 assembly 21 in Figure S, can exist within any integrated circuit. Assembly 35
includes a substrate 36 which supports three representative wires or conductive
structures 38a, 38b, and 38¢, with a desired feature spacing 383 of about 0.5
microns.
Figmlﬂshowsthemmhsoffon:ﬁnganoxic'le;?acetsdoandan
25  insulative layer 42. The exemplary embodiment forms one or more oxide
spacers 40 which is about 1000 angstroms wide, and thus reduces the effective
spacing betweea conductors 38a-38¢ by 2000 angstroms. Forming insulative
layer 42 entails executing a flow-fill procedure, such as TRIKON-200 by Trikon
Technologies, Inc. To obtain global and local planarity, one can reduce the
30 maximum feature space by using oxide/TEOS spacer as taught in the second
exemplary method, or by enlarging the metal feature, or by adding floating metal
between the metal features.




films on metal |ayers with maxi numfeature spacing up to about 0.5 WH?&B@EN
Figure.9 shows that the nethod.begins with formation of an integrate

circuit assenbly or structure 35, which like assenbly 10 in Figure 1 and 20
assenbly 21 in Figure S. can exist within any integrated circuit. Assenbly
35 incluweararseubstrate 36 whi ch supports three repperoiydisg/e W res or
conductive structures 38a, 38b, and 38c, with a desired feature spacing
38s of about o)
spacers 40 and an | ' s <
one or nore dayue spacers 40 mhlch S about 1000 angstrons wi de, and thus

reduces the effectd pe Sy W) I Sars 2000
angstrons. Formng | nsmi ative Ptgyer 4 E?gﬁ‘tg“z‘%e‘% %ﬁ% flowfill
procedur e, sdwmlmmwwm@w-wwpm To obtain

gl obal ands| g Q]MM“ E@.h& Qjﬁﬁp feat ure space by
usi ng oxi de/ TE acer as taught |n t he Eﬁc?% exe a?%/l nmet hod, or by
enl ar gi ng thé“yﬁE'F'a tpetads and agsecigiod Wi dake p sien mealiayon and bet ween t he net al

features. 8 bdffor BiQped ardo e lafiBitQo Birbdsk/BUMUEARS abPihsO facilitate the

formati on of nore unafor hICk I nter-metal diel ectrlc | ayers, such as

t hose descri FEUH VapALign aqgess dielestrigdavesds 5 of (and
rel at ed conpmeaemmﬂ}swonmwmme&mmwwﬂmﬁty of netal

| ayout s. e hod nd_assqci at.ed sof war.e take a |ven nmetal |ayout and
nodi fy, w ﬁ;']%tbe&ﬁé’rﬁ’a 3? I%%ﬁ‘f“ g"’ SETHYer n density and
t hus prom)t abown ihFigwes bj S ks s or reduce thickness variation across
dielectric layersqp S on t.he layouts. These
met hods and softvvarJe&caﬁ 18 fﬁ!iéea%i'ilﬁ @gtﬁve&%%?? acilitate

formation of hmmmmwtﬁﬂwwmnhyﬁtmdmeﬁm& and 9. The

exenpl ary metog & |45 mbdt Sla@itduid qta\(mgﬁﬁﬁgg a given |ayout,
adding floating nmetal to flﬁmlasr gIetl open areas | F%fbut and extendi ng
or fillind®oftitegs Eigwpdl showa s flew ehae of he memplapumetbadnwhichisur e spaci ng, or

gap, suitable for implementation as a computer-executabie program.,

Specifically, the flow chart includes a number of process or decision
blocks 110, 120, 130, and 140, The exemplary method begins at process block
110 which entails measuring a given layout. This eatails determining open
20 (unmetallized or nonconductive) arcas large enoungh to be filled with floating
metal and identifying live metal areas that require additional metal to obtain
desired spacing. Floating metal is metal that is not coupled to a signal path or
component, whereas live metal is metal that is coupled to a signal path or
25 After exccuting block 110, the exemplary method procesds to block 120
which entails adding floating metal to any large areas identified in block 110.
To illustrate, Figure 12 shows a hypothetical layout having a live metal
region 200 with open area 210. In general, if dimension A is greater than the
sum of dimension S1, dimension $2, and L (the maximum feature spacing
30  criteria), the exemplary method adds floating metal, such as floating metal
region 220,
After adding floating metal, the exemplary method adds live metai as
indicated in block 120 of Figure 11. Figure 12 is again instructive of the
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15 criteria. Figure 11 shows a flow chart of the exenplary nethod, W gh 108
suitable for inplenentation as a conputer-executabl e program

Specifically, the flow chart includes a nunber of process or decision

bl ocks 110,120, 130, and 140. The exenpl arynet hod begins at process bl ock

110 which hshes MEAsSUring a given layout. This ent gld, @sgﬁ'b JPI ni ng open 20
(u netal l'ized or nonconductive) areas |arge enough to :f ed with

floating netal and identifying live netal areas that require additional
netal to obt FXATPLEEE X dimensiop B isl¢55 thap the s 9f dimgnsion$ly t hat i s not

coupl ed to a dingi3dh SBAYL e cxeRPRAISMod 2METHARD 3s inlliéRedBf dalied S Metal that is
coupled to a S|%nal pat h % conponent.. 25 After executing block 110, the
exenpl ary met #58 B985 bl ock 120 which entails addi ng floating netal

to any large mldcﬁemwmtlfvﬁtaiw&mh@ﬁhoﬂch&mmeﬁ?oﬁtl lustrate, Figure 12
shows a hypot heti aving.a |i tal r. on 200 wi th open area
210. I n general, M‘ﬁéﬁﬁﬁ H’ ?‘%’%?Eé%@?ﬁ{ﬁﬂ%’ﬁ' 21‘\'IIE1| nmension S 1,
di menlsi on SZiaﬁAigghte(btﬁga-ﬂmmg)mm mwmdmmmwﬂlm;terl ia), t he 250
exenpl ary met ho regi on :
After addi ng floa??%%ﬁrrént % exenp arcm?&f%o%d lgfmég nmetal as

indi cated in @bwkhwmmgmdaﬁmWMwahmarnotch§w uctive of the

9 1 9 AUG 20 %]&Q,%&@ W | f dinmension B
is less than t e sumo rrenS| on ) ne’ﬁasglﬂon‘% an t he exenpl ary

met hod addé® Wa@qaﬂ@%af@ﬁﬂlﬁd%@ah“mqnwwlﬁwwm 230. process
bl ock 104 m'ﬁﬂaﬁﬂﬁ&kﬁ&é&'&hﬂﬂoﬂw jchllyleaéh itefatiel ! Theo MOT €

particularly, the exenplary nmethod follows an | terative process for adding
live (or non- BRIy mstalde thspotgh pptl & isAlled. 130g. Bl ock 130a
entails filliGgrodvittes mmo&krmmtnw& bthéf%tn&&ﬁﬁbntﬂaﬂ%ﬁné&o shows a live

nmetal region a hypot het out havi ng a.,notch 310.

1 ncl udedgvvi t hﬁﬂ‘q‘r?g{)‘i:w& %Eﬁ'%@"%‘?‘sﬁl}/s@?‘ﬁﬂt(}@ S | i ve netal

regi ons 1m£2wﬁmmmmmmw&wmgofmter ation can be
sel ected uSing a_ gl h S04l AifGFin brilts il thd Glrledd 196 ARG dynam cally

each iteration. The
the live metal after filling notches. Figure 14 illustrates a live metal region 400

having a corner 410 and added L-shaped live metal regions 420-423 and 2
rectangular live metal region 424. (Other embodiments add other shapes of live

20 metal regions.) The amount of metal added at each iteration can be selected
using a minimum surface area or singie-dimensional criteria or computed
dynamically each iteration. The exemplary embodiment repeatedly adds metal
to the comer until it is filled, before advancing to block 130c. However, other
embodiments can advance to block 310b before the notch is filled, relying on

25 subsequentuipsthroughtheinnerlooptooomplctef;lli::gofthemh.

Block 130c entails filling in between opposing edges of adjacent live

metal regions to achieve a desired spacing, such as a maximum desired spacing
L. Figure 15 shows live metal regions 510 and 520, which have respective
opposing edges 510a and 520a. The exemplary method entails adding live metal

30 regions, such as live metal regions 521-523, one edge such as edge 520a to
achieved the maximum desired spacing L. However, other embodiments add
live metal 1o both of the opposing edges to achieve the desired spacing. Still
other embodiments look at the lengths of the opposing edges and use one or both

10



exenpl ary enbodi ment repeatedly adds netal to the notch until it i g U@mm
bef ore advancing to bl ock 31 0b. However, other enbodi nents can advance
bl ock 310b before the notch is fined, relylng an subsequent trips or

iterations 15 through the first loop in the flowhart to conplete filling
of the notwdoiBrseek 130b entails filling in corners |rl,c|t!}%gowent live
nmetal, nmeaning the live netal after filling notches Igure 14 illustrates
alive netal |on 4900 having a corper 410 and added L-shaped |ive netal

regi ons 420- A5%CAREhS 10 Jetemiping ok of more dimensions.of theadded iva metal ( oy her

enbodi nent s amgiomst her shapes of live 20 netal regi ons ) The anount of netal
added at each itenati e selecte m surface area or
si ngl e- di nensi onal cr@%’?% @gﬁ agﬂ‘fﬁi’@a‘fel F8In% ther at i on. The
exenpl ary eMMm@pMpMﬂmﬁm3mm@1gM1cmmwtl | it is
filled, bekorgmag X@Qﬁiﬁ% Igﬂ#ev [ t her odi ments can
advance to bI ock 310b béfore t J’%'Qﬁﬂl S dw Mﬁngﬁ 25 subsequent
trips t hr ougHFafafe bﬂsémﬁﬂeébbthblhwmﬁyab&dvhﬁeduﬁch Bl ock 130c
entails fill 'Wn&nﬁ%%&%%@ aSORgiof j=%| ye. netal regions
desl re iy 2o mﬁ% 5| re [

to achi eve a aci ng, such "as a maxi num Spacing L. Figure

| S shows | i veBHErup W‘&M%W%Wml ve opposing

edges 510a arlﬂursﬂﬁﬁone'ﬂw HitdR 16 8o TR hrkss v B h{« e metal 30
regi ons, ﬁChﬁ%' ive tal gl ons 521 523, one edge such as edge 520a to

achi eved t upportapcethapothers) Hithe e nhodi ment s add
live netal toddmhamhmdiweomﬂﬁom Beidﬂuﬁ&béuﬁ ¥iPprbdedstedkish €d spaci ng.

Still - other s loak. at t.he n the opposi ng edges and use -
one or both I@ qu&?ﬁﬁh Qﬁg LR QM@?%G of the |engths
to determ ne %@t@ﬂhﬂnmmordhmmlmbnﬁmmmww regions. After

filling in beén Bﬁwﬁg% I Ive netal regions, the
exenpl ary net h vances eci si on nﬁlﬁ"’%étd in Figure 11. This bl ock 5
entails déferm ni ﬁ Wmlsmvmsl(medeﬁms)lonemmewmbme preci sel y,

this entail sof@@@lyfh%w Y flhe uh&g tal already
added and defern ng V\he'?er#er there are aJK ﬁce‘l&f regl ons that violate
t he desired wpliyeimetal pegions$10and 630 w WWM‘@MI ary enbodi nents

I ncl ude 610a and 620a. It also shows the addition of live metal region 630 to edge 6202,
which effectively extends the edge. Similarly, edge 620a has been extended with
20  the iterative addition of live metal regions 631 and 632. The additions can be
made iteratively using a dynamic or static step size, or all it once by computing
the size of an optimal addition to each edge. Exemplary execution then
proceeds to decision block 130f.
In decision block 130f, the exemplary method dec:des again whether
25 more metal can be added to the layout. If more mctalcan‘beadded, the
exemplary method repeats execution of process blocks 104-122, However, if no
metal can be added, the method proceeds to process block 140 to output the.
modified layout for use in a fabrication process.
Although not show explicitly in the exemplary flow chart in Figure 11,
30  the exemplary method performs data compaction to minimize or reduce the
amount of layout data carried forward from iteration to iteration. Data
compaction reduces the number of cells which define the circuit associated with
the metal layout and the computing power necessary to create the metal layout.
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nmore than one maxi num spacing criteria to account for areas where 19 AUg 2004
capacitive 10 effects or crosstalk issues are of greater inportance than
others.) If the dom nation indicates that nore netal can be added
execution proceeds back to block 130a to fill in remaining notches, and so
forth. |If woeuvekswer mi nation indicates that no nore |b&ﬁmﬁ§h@§ can be added
to satisfy the maxi mum spacing criteria, execution to proceeds to bl ock

130e in Figure 11. | ock 130e.entail g novi or redefining} one or nore
edges (or porti on;h]eoscfgggﬁﬁquim%“’ﬂg%ﬂwlﬁ@ modi fi ed | ayout
speci fi cat i on singlp instajceplacerhants. Fbi epampie, Gingltanay pliceRentRf fbellr €9i ONs 610 and
620, which ha | 1 nd 620a. It alsgo shows the addition
of live netal Y‘rﬁ'@@. on % gda‘éo e%giagﬂgg‘bgfmgwﬁﬁc 3 sipgle pelt \kﬂ?i? ext ends the edge.
Simlarly, ed§etsegecifioeclissuch 2atrgaectel, tils, B0cohiacs, based ai laysut addi ti on -~ of
live nmetal §eg}osefids udi i R&edAdid L25S be. made iteratively
using a dynam c or static sn?g%ly’slll-lzie, orhgawgh?g%éﬁsg’?ﬂﬁuti ng the size of
an optinal ad@fedstemmined nupkan ofshapes regardless|of any atheeeflerisoRorterample, pr oceeds t o
deci si on bl OclﬁnéléQﬂht&Qagihg{inlet%lqol § ﬁ‘a@gﬁﬁ%' % P}a hod deci des
agai n whether 25 pore netal can be aa%gd"‘t"té_ he Ta b@% re netal can
be added, the“’@@?ﬂﬂ%@?‘mwmmm&m bl ocks

104- 122. Howewsd redinflarf@ata et al can be added, the met hod proceeds to process
bl ock 140 outp the, nodified | ayout for use i-n a fabrication process.
Al t hough ni)‘? showugfmwrf’m‘ﬁ’é RpHiatteging depepds lamely angheri gure 11, 30
t he exenpl ary proe¢skinglpqves frarmemdipiapaliiep ofthé pler sXbdating &€ Or reduce the

amount” of |ay Iga{_r' d forward. fromiteration.to iteration. Data
conpact i on regucggaﬁe nun%'%?%@%ﬁ?ﬁmmw&?ﬁvé@mmt associ at ed
Wi th the met & hapdle dirges nembdnof shapep péricelband thue have dseradifoy t 0 create the
nmetal | ayout. ; MM#%%@%?%W&Q%%?%GQ htgf exenpl ary

conmpaction_scheme Tlattens a acenent” 1nto L nst ance
pl acenent s13 FE¥TBEetRompleicrirghibigyeut canbe flatisheddntoemtoelhf a cel | incorporating

a 3x4 matrix flat tieRgivédlayodt dBiph HtiofSsitile it fiét B &hlmﬂd%ﬂ%so flattens
| as act's,

specific cells, such-as array core cells, vias, or cont based on
|l ayout 5 or uSbMorggtlisipiged intagashiothst, s insiances,addifional prepsution|shenlddei ch cont ai n
| ess than a taken to reduce the risk of introducing unintended shorts into the layout during

the pattern- fill process. In the exemplary embodiment, this entails managing the
20 hierarchy of cells.

The exemplary embodiment implements a hierarchy management process
which recognizes that each cell has an associated fill area that will not change
throughout the metal-fill process. The exemplary management process entails
executing the following steps from the bottom up until gi! cell dependencies are

25 resolved. For each instance in cach cell, the procsss creates a temporary unique
copy of the cell associated with a given instance. . After this, the process copies
metal from other cells into the cell being examined if it falls into the fill area.
The process then copies metal from other cell into the cell if the metal falls into a
ring around the fill area. Next, the process identifies, extracts, and marks

30 conflict areas.

This exemplary pattern-filling method and other simpler or mors
complex methods embodying one or more filling techniques of the exemplacy
embodiment can be used in combination with the methods of making nearly
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predeterm ned nunber of shapes regardl ess of any other effects. For

exanpl e, one can flatten_cells having | ess than 10, 20, or 40 shapéd$. AUG 200
Lastly, the exenplary conpaction schene attenpts to nerge shapes to

m ni m ze overl appi ng shapes and redundant data 10 The appropriate or

optimum degymagrsé fl atteni ng depends largely on the "8{"9%’% LNhg power and
menory capabilities of the conputer executing the exenplary t hod. Faster
and swap . space can handle | arger nunber of

conputers with nmore core. "eno 2 :

shapes per ceﬂrf?"“a Wﬁﬂ?ﬁ%%@éﬁﬁ@éﬂ%ﬁm&wemmm sl ower

conput ers Wi tdne karsmse 8 patemAliling yetiodGecniny t6 B8 Gfention to définelDlafl T ENE, A

conpl ete ci rqwgpm?p& t%ﬂ? b? flat&(j%gd igsr;%o gnﬁ cell. Ifﬁg&gi ven | ayout
design is not a singre ffat rise gy Poasepon the v d el or nore cel | s
|tol aceg i nt;)hé'a@_hagll;aﬂfnpl_mmm“ ctatribedestric '_aajrekia‘om&nﬁd' y htomt:ewn_ t'Q?rt]&hloul d :oed taken
0 reduce §hg, . %619#1“&: i n ed .shor into the |ayou uring
the pattern- f‘i&tlul f)fogaess. n ﬁgmﬁg’ﬁ%’?@’&m‘aﬁ%&%m@m s entails

managi ng t he negrly pigner dieledirjc layer thay riednces P avoidls érpbedifyr cheriodi nent i npl ements a
hi erarchy managemRal plaRGRsS butdkh Gl W4 thfe,gic cell has an
associated fill ar %apth,at w@?\%tg%_eg%ﬁ%ﬁéug S %@'“ﬁﬁ al fill
process. The b@i’@fﬁﬂ Wi‘\‘ﬁ?ﬂa pre i dpnsisy. underlying setaklaperut i ng t he fol | owi ng
steps fromthe b diiHutel Sysd oS P PIEA SRS MBMEy 20 I esol ved. For
each |nstche in gac gel |, the process creates a tenporary unique copy of

the cell a2soci at SW¥SRii{ fooYsaN caermplapoaRutes sysim erpvorksiation 424er process copi es
netal from othogingand bxeciting @ sdfv@reG@plembifitiag o \ iphttekd-filligg | S 1 nto the

fill area T roci.ggéo&he copi es t al {r.omother tll:)ell into the cell if
the metal falls migm Idf:ﬁﬁmg E?‘Fé“’? Zjipclude  processor 4, adegal pr ocess
identifies, dsamonC adelasaragsdcyite 46 nddditidhally) yitém 43 hiclad@x enpl ar
pattern-fill iﬁf’?ﬂ&‘a&g"ﬂm“%ﬁﬁr Fsi %gilog‘r Or, Nnore corrgl ex rrerr}t)hodg enbodyi ng
one or nore fl &a techniques of the exqgha"ﬁ? fHFYent can be used in
conbi nat i &% \HistributeR prosessaroerpatsilel pricessys, rptathey ediibdiinefits Akdeng 604 WO 01/ 67500
PCT/ US01/ 073%@$m%ﬁﬁ§w&ﬁ%e%ﬁbépawﬂﬁlﬁﬁgﬁml bed using Figures

1-10. More precisely, one can uSe a pattern Rod accor di ng to
the invent i orf4dgmpstessmemsory RAM), an electrically-erasable and programmable-

read-only memory (EEPROM), an optical disk, or a floppy disk. Exemplary
display devices include a color monitor, and exemplary user-interface devices

20 include a keyboard, mouse, joystick, or microphone. Thus, the inveation is not
limited to any genus or species of computerized platforms.

Data-storage device 46 includes layout-development software 46a,
pattem-filling software 46b, an exemplary input metal layout 46c, and an
exempiary output metal layout 46d. (Software 46a and 46b can be installed on

25 system 42 scparately or in combination through 3 network.download or through
a computer-readable medium, such as an optical or magnetic disc, or through .
other software transfer methods.) Exemplary storage devices include hard disk
drives, optical disk drives, or floppy disk drives. In the exemplary embodiment,
software 46b is an add-on tool to layout-development software 46a and layout

30  46c was developed using software 46a, However, in other embodiments,
software 46b operates as a separate application program and layout 46¢ was
developed by non-resident layout-development software. General examples of
suitable layout-development software are availsble from Cadence and Mentor
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for a particular netal layer, forma nmetal [ayer based on the Iayou;g A@IH‘E‘UBI
then forma nearly planar internetal dielectric |ayer according to

i nvention on the 5 nmetal |ayer. The conbination of these nethods prom ses
to yield not only a nearly planar dielectric |layer that reduces or avoids
t he need fwoopdrswi cal - nmechani cal planarization, but gdBesedeBise! ectric

| ayer with | ess thickness devi at i on because of the adjusted pattern fill

density of th !@/ fihited I D exenpl ary
conput er syst?rn#or \/\%sl&&é{% or g{l ng andé e%gztgu ﬁ% a software

i npl ement at i oteyot-developuretspfivearsy pat t er n- f| Il ng met hod. The nmost pertinent
features of system 42 incl , ocal nenory 45 and a

dat a- st orage device 46. A syste I ncl udes display devices 47
and user-int erfac@‘@’éﬂ%@w&wﬁmmm%tﬁw stributed

Processors or iidéhéralefoneldf R6R%ERly pland MlerileAPdiclSdHOR) P HLor et ONE Or  nore

of the follo dat a-storage devices: a read-only nmenmory. (ROM), a
random acces\é\ﬁﬁgﬁmtg‘”wg e ppsspiinveption; (Ing QT MMOTY HEFURE 0gr ammabl e-

read- onl y nemgmﬁlﬁgmcamwﬁumha%s&mﬁa&&h@medl sk Exenpl ary
di spl ay devi ces de a c %or noni 170 and exenpl ary user-interface
devi ces 20 i n&fHEE G} Joystlck or m crophone. Thus, the
i nvention is not memcomwsmmmm-mbmmut erized

pl at f or ns: es I - dev I nt software 46a,

pattern-fi I'?a %&%ﬁ&g&gq% an exg%'# Jmlw'%%t rI"esﬁ%'Fn)l ouf 46c, and an

exenpl ary out pempmsmmt mmmly,(cwwmm%mmmmn be installed

on 25 ‘system %cﬁw ﬁ.]gmlﬂg 3%%@5% er downl oad or
er-reada

through a corrput such”as ’an t|c or magnetic disc,

or through o Mé‘héﬂ%!awmma&‘yﬂ lang §6bswerdage devi ces
I ncl ude hard | Loppy disk drives. In
(Eh&%?aﬂ{dﬂﬁ*smd %m%ﬁé bS8 o&fledxﬁ’

t he exenpl ary enbodi nent, Is an add-on tool to
| ayout - dev&d osprvsptionlfshian 1 bitdiaes56w and-56b, (Fonelanty, Fighss | &fWB| oped usi ng

software 46a. ciayeotRéntichalelhdh®of 8 HeRSly BaSY Ssoftware 46b operates as a
separate application program and Ig%/%gé 46¢c was devel oped by non-resident
| ayout - devel oprment software. Gener 'ﬁﬁpl es of suitable

| ayout - devel oprent Infartierancedm the art,ahedinveniol kas presemedacierat methodt fident or 13 1 9

AUG 2004 VO 01,803 0%ty (s il ectric layers without the use of chemical-

20 mechanical planarization. Additionally, the inventor has presented a method of
maodifying metal layouts to facilitate formation of dielectric films with more
uniform thickness. These methods of modifying metal layouts and making
diclectric layers can be used in sequence to yicld nearly planar intermetal
diclectric layers with more uniform thickness. ,

25 The embodiments described above are intended only to illustrate and
teach one or more ways of practicing or implementing the present invention, not
to restrict its breadth or scope. The actual scope of the invention, which
embraces all ways of practicing or implementing the inventicn, is defined only
by the following claims and their equivalents.

D
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G aphics.. Thus, the invention is not limted to any particul ar genyis A6 2004
speci es of |ayout-devel opnent software. Exenplary Integrated Menory
Circuit Figure 18 shows an exenplary integrated nmenory circuit 50 that 5

i ncorporates one or nore nearly planar internetal dielectric |ayers and/or
nmetal layers within the scope of the present invention. One nore nenory
circuits resenbling circuit 50 canClimssed in a variety of conputer or

conputerized syste ch.as_sysiem 42 .0of Fi 7. circuit 50,
Whi oh oper ot es - Zcuate el faifEs PARaT L s CHE ot pndTRete Tl oo, i 2
general |y complisidgt 0 a processor (not shown) to forma conputer system
More particularly, circuit 50 includes a nmenory array 52, which conprises

a nunmber of nendeynibgamectadayer baving 8 predetermirgd dnaxamyis) fgathre spaeingsss decoder
54, and row aqdress dec r 55; .bit lines 56a b, word . |ines 57a
and 574:5 and volPHEaE 8B AR st ph B metal B R RS ed obeaigiVen  onal
fashion to bit Ifdest tRodxidb ek A clarity, Figure 18 omts many
conventional elenents of a nenory circuit) Conclusion |In furtherance of

the art, the inwefiewingrabicaptragmrtioreof the oxidellayeet hods for nalting nearly
pl anar intermetal dielectric |layers without the use of chem cal 20
nmechani cal pl anarization. Additionally, the inventor has presented a nethod

of  nodifying nefilmbyP@BE Sain? ] [\drtihfaitink M MbtaPRy& cofliprisect ric filns
with nore ‘uniformthickness. These nethod$ of nodi ?'yl ng netal |ayouts and
maki ng 19 efosninginretaldgwr svithcambeamuse feature sppgringrod@.3 migromd. d near |l y pl anar

i nt er et al dielectric layers with nore uniformthickness. 25 The

enbodi ments descri bed above are intended only to illustrate and teach one

or nore way$ of -MAnkmohd I %}qgﬁg' e mBlaE B CU&‘% piion, not to
restrict its breadth or sgglgfen.lll’%&g%t ua gcope C?F ? e 1rnvention, which
enbr aces al formiganethl nanacat and wherein forminganoxide layleformy exideon.ones def i ned

only by the following clains and their equivalents. 14 1 9 AUG 2004 C ai ns
1. A net hod®idROEF of theanetgl pNnERSr di el ectric filmon a metal |ayer,

15
4, The method of claim 1, wherein forming the oxide layer comprises
forming a portion of the oxide layer using a TEOS-based procedure at a first
deposition rate and forming a portion of the oxide layer using a TEOS-based
procedure at a second deposition rate which is less than the first deposition rate.
20 '
5. The method of claim 1, wherein forming the oxide layer comprises
forming a portion of the oxide layer using a TEOS-based procedure at a first
deposition rate having a tendency to form voids and forming a portion of the
oxide layer using a TEOS-based procedure at a second deposition rate having a
25 tendency to form substantially no voids or fewer voids than the first deposition

rate.

6. The method of claim 1, further comprising facet etching the oxide layer
1o reduce severity of any trenches in oxide layer overlying gaps between metal

30 features in the metal layer.

15




conprising: formng a netal layer having a predeterm ned nmaxi rrumffaagﬂifg
.spacing; 5 formng an oxide |ayer on the netal |ayer using a TECS é 004
procedure; facet-etching the oxide |layer; and reflowing at |east a portion
of the oxide layer. 2. The nethod of claim1l, wherein formng the netal

| ayer conprises ., 10 form ng nmetal layer with a maxi num feature spacing of

0.3 micrond. 3. Ammethad of Ewming anearky planapdisiesinic ks an Agnataldayept al | ayer

conprises AL metal runners and wherein form ng the oxide | ayer forns
oxi de on one “or more sidewalls of the metal runners. 15 4. The nethod of
claim 1, wherei forhiifighh Rigtdl MyeONavify & predeterinitibd nE&imuhdedteGpacing! t i on of
t he oxide | ayer using a TEOS-based procedure at a first deposition rate
and form ng a porti o®fae mosetheniabeut| 3/ microay;ng a TEOS- based procedure at a

second posi ti [ i chy iys | t e first ition rate. 20 5.
The met %gd of c?%##é?%é’?‘ger%aﬁﬁ%?ﬁalﬁwbeégﬁe é’r‘?caeggxr%gggrﬁb?fti ses formng a
portion of the oxide depysitioriatetsh the hietd1Baped procedure at a first
deposition rate having a tendency to formvoids and form ng a portion of
the oxide |ayedomeingg secongosidsdayey Opﬁhﬁ:émm:@daiayarma‘li&r}wed ion rate
having a 25 tendency to f.orm substantially np voids or fewer voids than the
first deposition ratpg?wgwﬁﬁgs?@pﬁggpﬁh%]lgﬁﬁvggfﬂﬁ}%ﬁ{é \A@Srﬁﬁtl sing facet
etching the oxide | ayRposifich fafil4a® severity of any trenches in oxide |ayer
overlying gaps between netal 30 features in the netal layer. 15 1 9 AUG
2004 7.1\ net hodacst efcbingithgsezomboxide layemnar dielectric filmon a netal

| ayer, conprising: formng a netal |ayer having a predeterm ned nmaxi num
feature spacing of no nore than about 0.3 microns; 5 formng a first oxide

| ayer using a TERRHanssoPiRaedUaRhalcompkising! deposition rate on the netal

| ayer;

depositing a film resistant to lateral etching on the metal layer.

15 9. The method of claim 8, further comprising:
forming two or more oxide spacers on two or more metal features of the
| metal layer to provide an effective space less than about the
predetermined maximum feature spacing between two or more
oxide spacers.
20 _
10.  The method of claim 7, wherein the first deposition rate has a tendency
to form voids and the second deposition rate has lesser tendency to form voids

than the first deposition rate.

25 11.  The method of claim 7, further comprising facet etching the second oxide
layer to reduce severity of any trenches in the second oxide layer that overly

gaps between metal features in the metal layer.
12. A method of making nearly planar dielectric films on a metal layer,

30 where maximum feature spacing cannot be reduced because of lateral electrical

coupling concerns, the method comprising:

16



form ng a second oxide |ayer on the first oxide |ayer using a TECS-based
procedure at a second deposition rate which is less than the first 9g pug 208t
deposition rate; and 10 facet etching the second oxide |ayer. 8. The nethod
of claim7, further conprising: depositing a filmresistant to |ateral
etching on the tal layer. 15 9.. The .nethqd of claim furt her

conpri si ng: for%‘?erﬁﬂng %ﬁlpﬁé%“&h’aéx%ﬁ% W%Qfgﬂbﬁﬁlﬁ"%tm f eat ures
of the netal |ayer tg.nevide an effective space | ess than about the
predet ermi ned maxi mum f eat’ure spaci ng between two or nore oxide spacers.
20 10. The net hdemihg eh akxide Zpacehen enciort ihereftmetal fedtmpmof theanetablagerhas a

tendency to formvoids and the_second deposition rate has | esser tendency
to formvoids than ﬁﬁBW&sﬁ“?f@ﬁBﬁfRaﬁﬁquﬁﬁ’@!‘ ag@‘“f%’.e‘qiﬁ@“ﬁﬁqﬁ‘od of claim
7, further conprigsd f Wejﬁl‘i- i’ﬂ}gcstd qgl%p 8> sl are 10 reduce
severi t;}eof any eﬁéé}ri:i%ﬁggqlﬁn t e&]‘ econg&otéi e 9§yer %ﬁlé*%c‘)@er ey gaps
between netal feat ur exidelayer@nitis mktal Biyer andtBe oXideepdeed of naking nearly
pl anar dielectric films on a netal |ayer, 30 where naxi num feature spacing
cannot be reduced because of |ateral electrical coupling concerns, the
met hod conpyyl Si RE; ] L. h maxi num
feature sg?gi' ngnﬂgltﬂé%gé‘%gjf-%%%%ﬁé@%@?%@%%@ﬁgﬁggg%er on one or
nmore netal fofraingaahetalf laydreddpobitihg hdil@rresistantno ¢aerdPetaliing bh €6d @l space | ess
t han about five mcrons; and 5 executing a FLOMFILL procedure to forma
substanWthWv@W‘fmﬂlemtﬂéa}ﬁﬁme&g?ﬁ’@t%?@‘éﬁm-l ayer and the oxide
spacer. 13. The nethod of claim 12, wherein formng the netal pattern
includes formng a netal |ayer; depositing a filmresistant to | ateral

etching on tfie NEHeahethBd beMaim 13 whetin théHink Ristant & latepd] @fchirg k@ M t he
netal pattern. 14. The nethod of claim 13, wherein the filmresistant to

| at eral et cCREQS, ¢Xidenitride film.

15 15.  The method of claim 12, wherein forming the metal pattern includes

forming a pattern including extensive serif features to avoid large open areas.

16. A method of making a dielectric layer, comprising:
depositing a dielectric material at a first deposition rate having a tendency
20 to form voids; and
depositing a dielectric material on the deposited dielectric material at a
second deposition rate having a tendency to form substantially no
voids or fewer voids than the first deposition rate.

25 17.  The method of claim 16, wherein depositing a dielectric material at the
first and at the second deposition rate includes depositing a dielectric material
using a TEQS-based procedure.

18. A method of increasing pattemn-fill density of a metal layout, compnsing:
30 identifying and filling in open areas of the metal layout with floating

metal;

17



TECS, oxide-nitride film 15 15. The nethod of claim 12, wherein fzrnhrtgmm
.the nmetal pattern includes formng a pattern including extensive e\qu'}J

features to avoid | arge open areas. 20 16. A nethod of making a dielectric
| ayer, conprising: depositing a dielectric material at a first deposition

rate having a tendency t ormvoi ds; and depositing_ a dielectric materi al
on the deposi tedgm@“égﬂgghﬁﬁ‘ér"i" e%?ta emﬁ‘-ﬂﬁg‘f‘wuﬁéﬂgsition rate having a
tendency to for é{{g?&]- ' : ' voi ds than the first
deposition rat e.rm25 72%%?%@8’8@?& @?%%%Wér ein depositing a
dielectric material at the first and at the second deposition rate

I ncl udes depositjng a dielectric material using a TECS based procedure.
18. A net hod- of ethed pclaup 4 B, wherein thegerided siepsrare perfarmedin eyt |

conpri si 89: 5rqdQebifl@nti fying and filling in open areas of the netal |ayout
with floating netal; 17 1 9 AUG 2004 identifying and filling in notches of
the nmetal layout; and 19.identifying and filling in corners of the netal

| ayout. The method of claim 18, wherein the recited steps are perfornmed in
the 5order #&ci t g methed pEclabm 18+ fugther somusisingur t her conpri si ng:

20.identifying & L4l L bet.ween opposi ng, ed of Jive.nmetal regions
of the netal Ia?gg?t;%@ a@?ﬂ/&%ﬁ”h%ﬁ”%?“%%ﬁﬁ’%gﬁ‘%%gﬁﬁwﬁ FS8MS®nsity of a
hi erarchical netal | apeuietsldhyontn definition, conprising: identifying and

filling_ in one or nore notches, inner |lines, and coners of the netal |ayout
to defi A a first derivative netal | ayout pattern definition; determning

e o T ohaBethbd B indallbt Baperi it enBR) of Y Meichidhl e 1yt 2
pattern definition, comprising:
identifying and filling in one or more notches, inner lines, and comers of
the metal layout to define a first derivative metal layout pattern
15 definition;
determining whether the first derivative metal layout pattern definition
hasa predetemﬁned pattern fill density;
1dentifying and filling in one or more notches and corners of the metal
layout to define a second derivative metal layout pattemn
20 definition;
determining whether the second derivative metal layout pattern definition
has the predetermined pattern fill density; and
redefining one or more edges of the second derivative metal layout in

response to determining that the second derivative metal layout

25 does not have the predetermined pattern fill density.

22. A computer-readable medium comprising instructions for executing the

method of claims 18, 19, 20 or 21.

30 23.  Anintegrated circuit comprising at least a portion resulting from

execution of the method of claims 1-17.

18



identifying and filling in one or nore notches and corners of the nedalg 2004
I'ayout to define a second derivative netal |ayout pattern definition,
determ ni ng whet her the second derivative netal |ayout pattern definition
20has the_predetermi ned pattern fill density; and redefining one or nore
edges of £fle sdcpmi¢micomprisingie net al | ayout in response to determning that
the second deriavative metdal | ayout 25does not have the predeterm ned
pattern fill deﬁm&ﬁo—rﬁ A conput er-readabl e medi um conpri si ng

I nstructions f aflegt®me ki - 1\5 20 or 21. 30 23.
An integrated circuit ?:Igerr%?feg??\g a %ﬁ#’gb‘gﬁo‘ﬁgr?‘é‘ﬁ“ﬂégﬁﬁ ng from
execution of the netrésudting frahaxemtibn bf thelfietho®ofitlni3O17.24. A system
conprising: a processor,-and at |east one integrated nenory circuit

conpri si n% at least a portion resulting fromexecution of the nmethod of
clainms 1-2¥. 25. The syst enTbé system of elaizal, -Qhewledirein tlieprpessadisar is a
digital signal.,processor. 26. _ A nmethod of formng a nearly planar
dielectric fﬁW@WQfWPW ayer, conprising: fornming a netal |ayer having
a predeterm ned feature spacing of no nore than about 0.3 microns; formng
a first oxide |ayer using a TECS based procedure at a first deposition
rate on tRE. netal- | ayerA nfethodi ofdomning ameatlyplane diclgetric film bha midtalst oxi de

| ayer using TECS- based procedure at a second deposition rate which is

| ess than th t IJ"md’é%osition rate; facet etching the second oxide |ayer;

The method of ol oy S cmPal iy erhutingd pleldiy e ftur e ol p hBE > 27
etching i s deposited onthahebomi0l micryes;.
: forming a first oxide layer using 2 TEQS-based procedure at a first
deposition rate on the metal layer;
forming a second oxide layer on the first oxide layer using a TEQS-based
procedure at a second deposition rate which is less than the first
deposition rate;
facet etching the second oxide layer; and
reflowing at least a portion of at least one of the oxide layers.

27. . The method of claim 26, wherein further a film resistant to
lateral etching is deposited on the metal layer.

28, ) . The method of claim 26, wherein further at least two oxide
spacers are formed on lateral surfaces of at least some of thé features of the metal
layer.

2.7 A method of making nearly planar dielectric films on 2 metal

layer, where feature spacing canpot be reduced because of lateral electrical
coupling concems, the method comprising:
forming a metal pattern with maximum feature spacing of about five

microns;

forming an oxide spacer on on¢ or more metal features of the metal layer
to provide an effective space less than about five microns;
19




28. The method of claim26, wherein further at |east two oxide spack¥AUaZls,
formed on |l ateral surfaces of at |east sone of the features of the netal

| ayer. 29. A nmethod of naking nearly planar dielectric filns on a netal

| ayer, where feature spacing cannot be reduced because of |ateral

el ectrical coupling concerns, the method conprising: formng a netal
pattern with maxi num feature spacing of about five mcrons; formng an

oxi de spacer on one or nore netal features of the netal |ayer to provide
an effective space | ess than about five mcrons; r 19 1 9 AUG 2004

executing a FLOMéithg BFROWIBTEL fRobeditk @ foui s bibitantiblly voidiftbeloxite oxi de
| ayer on the netal |ayer and the oxide spacer; and ref|lowng at |east a
portion of the oxide I on o matablayer anddhepxide spagerpand wherein furt her

fending a netal ttern | ud tal | ayer, depositing a film
resistant to | at Wm&%hﬁn{;ﬂ%?{gﬁﬂgﬂh?e?g}e yer, and etching the netal
| ayer to formthe netal pattern. 31. A rrethod of increasing pattern-fill
density in a nmetal layout pattern corrprlsm defining a primry netal

| ayout pd8tern and meaBurinathod of glaim2f dmeng e mety) pelterty net al

| ayout patt. er i _ni t - f I mary

netal | ayodﬁaggﬁqegfn %@?@s%@%% %q{;w] bgﬁg#n fill
density valwietal Jaer| ti HethElagi 1o ot hemetdlpat@hal | ayout pattern
does not at | east equal %e predet erm ned pattem f| |1 density val ue

identifying and filling in open areas of the netal |ayout pattern

exceedin 12 first predgt -m’ gm ﬁﬁ”g ' ” . q?i !Qq ating netal;
i denti fylgng and filli n?%ﬁﬁggc €s I n * e meqﬁa g%u pa ]fag'l?'% t hat have
| ess the fpatmn,mmgm ned wi dth value, but nore than twice a mninmum

feature size w lLi ve greas of taI identifying and fillLjing in spaces
bet ween opposi ngaﬁmﬁ; 2 pRmar Y Eetal anameasunngap £l .

density of the primary metal layout pattem;
determining if the pattern-fill density of the pnmary metal layout pattemn is

at least equal to & predetermined pattern-fiil depsity value;
in response to determining that the metal layout pattern does not at least

equal the predetermined pattern-fill density value identifying and filling in open

areas of the metal Jayout pattern exceeding a first predetermined width value with

areas of floating metal; | '
identifying and filling in notches in the metal layout pattern that have less

the first predetermined width valtue, but more than twice a minimum feature size

with live areas of metal;

identifying and filling in spaces between opposing edges of live metal
regions in the metal layout pattern that have less the first predetermined width
value, but more than twice a minaum feature size with live areas of metal;

defining a secondary metal layout pattern and measuring a pattern-fili
density of the secondary metal layout pattern;

determining if the pattern-fill density of the secondary metal layout pattern
is at lcast equal to the predetermined pattern-fill density value; and

in response to determining that the secondary metal layout pattem does
Dot at least equal the predetermined pattern-fill density value repeating the

20



regions in the netal layout pattern that have |ess the first predetled AalUfaig
width value, but nore than twice a mninmumfeature size with |ive area of
netal ; defining a secondary netal |ayout pattern and neasuring a

~pattern-fill density of the secondary netal |ayout pattern; determining if
the pattern-fill density of the secondary netal |ayout pattern is at |east
equal to the predeterm ned pattern-fill density value; and in response to

determnin é‘fﬁ’i" ﬁ%qgﬁﬂ é@ﬁtﬂhﬂﬂ a B4l falue®t at | east
equal the gge e e%%g atte}r(hn I enésﬁﬁy vaflue re eatul ng the 20 1 9 AUG
2004 i dent idchiened, andntil 4 predetenmited numberpf ecfetitions esdcpateder n-fil 1 density
value is achieved, or until a predeterm ned nunber of repetitions has

occurred. 21
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