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WO 2004/ 013907 PCT/ US2003/ 021108 DUAL DAMASCENE
TRENCH DEPTH MONI TORI NG TECHNI CAL FI ELD The present
w0 pwentioon generally relates to form ng dual JdeCEES®NE021108
structures in sem conductor 5 substrates. In
parti cul apuAleAMASSIENE TRANEADEPTHNMONIRIRING
efficiently form ng dual damascene structures in a
single layer of insullBCHNICARFEILDal w t hout the need
f’ﬂ{e p?esetn{ SQeﬁth ggn%tqll}%re s t]o @Mﬁfng d%%%%cﬁggm semiconductor

Convent1 ona em conduct or devices typically conprise
substrates. drpprtichlatg e Prevent &yepsipy relates tgﬁﬁl@gnt}ﬂ f?fF%ﬂ&dt‘%} daggascengrgtructures in a
single 16}b10F @6 14tHos maBiEhl RiEHOGtWIRtnkbaddod sai¢Rihtch aspgr.t her eon. An

integrated circuit contains nunerous m croel ectronic
devi ces, such as netal oxide sem conductor field
effect transistors (ROSKREROPNDARTurality of

CORYHEb 2V 8michAdi® U8R ORI &n@gseﬁt@&ﬁ&i&ﬁihc‘tﬁﬁ subbtaRSnd a plurahty of

dlelectrtc ﬁ?cgcroe%.\ﬁtmg g%rerf o%%é \tlt\fer%ér{] gﬂ Sng §ra6:u glrcl‘ult ﬁcgtgams Btpr%eyqﬁtsa Imcro\élec%omc
devicesywoeichs Inetalasida prahidowiyétor fieliteéfpct masistos (VMOHET's), Slarhlity Of Conductlve

patterns cmnﬁr'i'sﬁl% ARG Otthed sktﬁfaﬁsd b%@?wtﬁlﬁg sgfctn?i and A HiuSli§R h&Ecbnnect lines,
terials, genera constitute a [imtin

suh s s B o @G 9O ARV Dl Y CEETS o madeof et
intercor@bu maetiAy;, geatraltyoafitutt ABmiting Bgbeb @ohseif sig(vidth) g varipodfunctional
charactérggé’s Gt tﬁé(llnt% e ol Sis Eu%h qﬁetel &i St§ g Béex toQarfo:Yelnﬂﬁpr(ﬂ/ldé G kéh%@é e

I nterconnection structure having a small “size
interconeqyigmtacty hayéngi svAlige it gRale S sereate Highs 5@@8@% SP?eﬁia PaveE
signal- tS—h@Mhtrotanﬂﬁ@i‘oSﬁrﬂﬁﬁlht@ and inproved reliability. Using

1 duggannqassceey roc@g’s, S 1?1%? duc%o%qé %paqylgahgﬁed%t Ise%@rﬁl tfHuand
atlt er ne th N of

evera ousan
opening g derdidtvelioks e Sasariibh gtedBlodiCHopUEive FERleCls gmigum or copper,

and sereQé ﬁltéfct)hﬁé& tHYREAE and@tkfébblxa@leﬁlsdﬂ{ﬂf ifHd liﬂtdgfateﬁ Gﬁﬁlﬁ I' The dudD d:idgkene
process éa]e%ﬁglﬁe% (Porl ?Qrtn?{ﬁ egrrr]urlllflgavell %gnahhah%st Af\égndacrtllve.l_tﬁetal d‘l msatﬁltm la ers of
multilaysr epbeits op vhioh $681109151m§0ffd®ﬂce$ ve mpygedt he nul til evel sig naI

| bescead (s1§§@@13‘dﬁ§cén\éﬁs mﬁtatlcodnébubrhﬁbrlc&ﬁ)ﬁ b@Edsﬁg whlab/ g}B(SJeQafre formed
in an lng.;ljalélgér%%%qurg ans l%%g% f%rfnr{l?el cgn &(éthgs%eé » eljanamascgr{e c1:seasr1:1ult1 level

interconnpdtion pro¢ersd e Whidn infaddition @(aﬂpmmrg tpﬁ gowepf pmglqmm@slqeng rtesopgrskyctive via
Opemng% o {0 RA. in an insulating structure and filled vvith
t al toformthe conductive |ines. rr?&g [
I“ﬁ‘tﬁ stapdapddygl damaseeng RoEP LU ERES Y “ﬁ’r“&%‘f’éggteinr? Vi Hpe“’f‘%s is
formed kgl il iiroilating stfuoiiamighet weéer grapisaegicadlfy eshed i tee wpearastervé the
1nsulat1£%]s% %&Q Evlja 'tc'h?/ @\ftgtl BnovAIRE Hl'e Begt%rn@tl et ﬁ'tﬁt@rlafl gr‘sm maglpls ?olﬂﬁed over

damascene process, . fl rSt mask
the insulaiagirugiure (e e tRea T SLAReGRRMT G e 9 et i Ot%gs n
anisotrdpRR&IY efching the Spehidgtfatitie canigetivh Bnesvafti@ruppes hafif 1o tosdquing @htbrial, the

via opel? {‘né}srAﬁ?&% pereséﬁ ?n MQ‘%@‘% eﬁp% glrgﬂtaﬁ)efous'iﬂ cihed P?hg LO%II Hi of the in: é]llatlng

renova erne
materia} @eich gichg A q»r,tlmetchlag ig @)ét@)ﬁ:&: l?ﬁggtke Yias 2phFPRYES R félpd g]@ pgigd. This
processhﬂﬂﬁbh‘&&dlﬁglg&%ﬂUCt ure with the image pattern of the
Cﬁl ancg{l%: L t%rt%]a,rld Idl? ??arnflscene ngg 'ﬁ.{shnetas}é gs ef(thnql%b c§S/v|erf el suﬂhng%gucture with
the lmagqmdm oﬁ theevid qpms amﬁ ﬂtemetteupp@vsomcﬁllywtchtdwle thp msulﬁtlag fpgjure (via

etch). Ak %Ho@ah of tﬁetlﬁtterﬁéﬂ ﬁ51l§l{ﬁﬁﬁh£1,§hssle@hd aady% f&ﬁt@@%ﬁ thd iRsufal} structure
are Si aneous I N e ower
with PR st ARG 1L ALY R TG F P Sk B e

etching is conplete, both the vias and grooves are
filled with metal. This process is illustrated in
Figure 1. 35 In another standard dual damascene
process, a first mask is formed over the insulating
structure with the inmage pattern of the via openings
and the pattern is anisotropically etched in the
insulating structure (via etch). After renoval of the
patterned resist material, a second mask is fornmed
over the insulating structure wth the image pattern
of the conductlve Ilnes |n allgnnent with the via
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conductive lines is anisotropically etched (trench
etch). After the etching is conplete, both the vias
wa@pa4/ogpoopves are filled with nmetal. This procPEEFUSE03/021108
illustrated in Figure 2. Dual damascene is an
conductiv@ﬁfe@ié%ﬁfﬁf% piOMI@ btcil MGhB eQ@m&é‘r@mmmﬁ@ﬁU&ﬁpla& beheTikssand
ctiye grooves and vias

[
gmo"es\?ﬁe?ﬂ Arf%‘f th‘srf’éocgsél"fg?uftﬁ%?g " PHereby el ininating
p]ruabceﬁ:sscstems impibveinentiglar Sngbtdamadeanelbedensd it pramitssliediiing of both the
conductgg %r%gv%s advap L ROGSa gt\tﬁersargé s th%@%ﬁl%ﬁt (%E)QEGSI felatay Alﬁhough

erconnecti ons, has a nunbe I sadvant age b
standarcsgpl CERAFRGH ey g ARLATE: FOSEFLEY Py AP i LA 2 romber
of disadVdn@gesa Rl ckdnhCihe Bisuddtity stroduretirough witighpyias ald|tignchenappriorsedlis
typicall;p cfomtggsreg gf tlul%é/ %{e‘?s* f}E‘r«L,lXtivel? %c%flév%?gn\ﬁ aﬂ ';k%pgtlﬁnslulgmﬁrlayag Sif st

eri al
matenalsml@/wma P reptizely @ &ts'iﬂ%i’ég Ypyer Bl arseqond Tapteriel veprq thjelp ety selgetivity
betweetﬁtﬁ&fﬁﬁ%aféﬁﬁl@ﬁd tﬁé selfMﬂ@ fafertald e]lh@ rbl@ivelly Gh iSR1aeGtlhyei it ylso known as the
trench et?;ﬁ této? ]g}’eét Jﬂ{? gresenfeh rl;a}'e%{lv y t %E‘n%ul%ttft‘lg la?le?r%%gld p%gs%ﬁe a@illlty to

I'n insu
accuratefiyrad ﬂz@cmd}etﬂma@tt@we@h eigh qodyettle de'FﬁEOfﬁfteé@qut@SéOWP‘iﬂﬁ &ﬂth the
des]redae%hlat ively thin insulating layer thus inproves the

et et Bl G PR TS o pPRGST e B BhE R dcattent o
formingeiltipksmercht pidida tiidkeess. dogpven éh theghsence of the trepskeetelfstop layer,
performméltﬁel nleffi'&'l%fcﬁ g—:ads Mn@ké thHd are to'b Wehis &&o&d@gﬁj !add%@&r%ﬁtfomuty across the,

processin ue to the requirenment of
wafer <s1u%t5ﬁé frenchss %ﬁt By @alﬂw LSS W theﬂ»?%ef Hﬁ%a%ﬁeé Ht‘slgm too
deep in @F cdnlee of theewddt). M @dvvai@rhlealy parfornfabeeperds dromiwafyr i wafer.
trench etch leads to trenches that are too shall ow or
too deep, and poor uniformt cross the, wafer (such
as trenches that SHW&%OEH?%IBT%ENHIQ%QI ons near the
eﬂ@@&s@f intdigonadveles ssuiths tafidandtivasfot imtoviag éuat dmascehe epcdsses by

ellrmnatmg%?ecrg r?ﬁte?r;wm(.)of ugln 3 t\I!\G?Ch%[C)l %%4\{9};6? O Gisc Pﬁr{e%g rt'hl\e/%gge%s and melt_tlllgds for

nce varl
eriploy NN TTGNEPIOF s prEgEringe rlﬁv@ntswewgﬁtn&wedé% ISW@teé%fébﬂcate
The sys@ﬁl‘él atmﬁﬁelﬂﬁd&nfpwy tHe RiER oY mb@om&bstdﬂﬂﬁﬁﬁﬁ@ﬂﬁo@bmeﬁﬁﬁ stclbyepth and

profile %Vter lg' efn ire wa%r ?urm% ﬁle %Lil tren é)goiceso fthelr'le% ngblgé %n OSPEI‘%BI tg ta&brately

conn
temnnamltett@d@ebeproceeﬁpl oyi ng dual darmscene processes enpl oy

ao,% AGEE@F th@¥1%§enﬂ ivehtloffelaRtg to&tn{ebh@& ufr@altdsmetscehesprsaemg etvmng

l.cate,
formmgafl lﬁ‘ﬁ?‘]”[t}f cgr Bengggg‘ttngl}%n@g%lgg Ft'éuc%lfe Qal r@nﬁp )fatyer o‘f%a ﬁg‘lectnchmatenal
whereircke@iphofamacbpernze fire basitioneé m atshtstastiatly ﬂ@lghtdme randﬁmultH@OtSWél) forming a

plurahtf(gt(ﬁlancthgsqg &R iRIAGE Siscturb, Q@Jh%@%h %MQhédr&g)n%ﬁe QB&MmadIg trdight line of a
accur at el 25 tern nate the tren

sroup o5 Refigy o MRS e PP RS T
generatiilp a bigihanps oeiaed pitldom&gltmgrenahe/sontmarglg the @ilgmAtungto 4 signature hbrary to
determibd ﬁgnal deFt}t{ A 1eMhifai R}Pt%{ﬁ'lll{égﬁe &eﬁ‘ch@ﬁﬁleh AETU N ) d&hﬁkj&‘t{aﬁ{&ﬁ

contalning a single er of dielectric materi

wheather ?fp‘?jf & lﬁtﬁgre‘ééfnt Wyeatloé} Iﬁeézms ﬁ(gasm%]lmé owglin{lg aoqﬁléldtarpzﬁceae opening in a
senﬁcoxﬁihi&l&tsﬁlﬂ;trhtainbc)lvﬁg p’rébhcglgta sénhitv@duc@ngibSiatewlith amniemiagdnystridtgre on an
upper sgr?aggnh%}gc%f ghe 1@5{3%&0% stregnu(r:%contgg eftpe(t: srfne ec}g},gll' (;f '3 %wieﬂﬁyllnﬁériap H)rmmg at least
one Via SPSIE dithe insulafiorsgrpeiire) it srmqlt@e@tsly@ fogelngt Beph ip fhe nsyjation structure,

the tren&ﬂﬁ)@lh&ﬁ& aboRd\le (ih bpeni® Bdth @E Vi GbeIan?anﬁ @feich Gcfhstﬁlftmg the dual

damascife R oY B SBE AT FOPHI AT ERECLEBRIRGb: onafk abeam
of incidew Aiplet i theginduhigorssirgarae, oallectinglight flegted from ¢helinsgption WUP'GYG transforming
determ ne trench depth, and termnating form ng the
trenches when a desired trench depth is attained.
Anot her aspect of the present invention relates to a
met hod of form ng a dual damascene opening in a
sem conduct or substrate involving providing a
sem conductor substrate with an insulation structure
on an 35 upper surface thereof, the insulation
structure contalnlng a S|ngle Iayer of a dlelectrlc
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WD 2004/ 013907 PCT/ US2003/ 021108 the reflected |ight
into a signature associated with formng the trench,
w@evpationy the signature to a signature |i braPgT/Us2003/021108
determ ne trench.depth, and termnating formng the
the refledt§d@I3EdIntHR agnaauéﬂa@@blat@cdwﬁwf@f&@@ tdeidh, doSpaing te sigtureYe4 signature

i anot her aslf C'?% the present invention relates to a
lfafytmeﬁ?}ae%?l SPHiNAY a dual danmascene structure 5

terminating Yoohiug the trénoh wheng desinpd wavell deptlyisefaingla openi ngs in the

J’gtsziﬁhlﬁér agbgct%f h G LS EnveRBE @3l 99 nRthSd (ﬁ%rﬁm% YN dthscéne structure
ectric, material, wherein groups of

ol ogBE S PHTFBIH G s AL R AT PG PR GHE < TaRaier o1 dicectic
matenalSWH&i:d:lntg&ih@@chfS'iay)pt(nlinks ard @fsmmgma syilstantially stryigiyfling; siemldnergsly )

forming a Bl%t'a f Jxen&ﬁegﬂl ] etngsHl%lIloLﬁ &uc&ﬂ?el u@igg B Eheer&ﬁ'laoﬁtoﬁé? each trench positioned

trench positione alo ng
along the @bgztngqtﬂm sgngty lnsetqf aBgHt of |vqa prRENigEs, apd é\}-) wﬁltogflg @? Qrmatlon of trenches

using a s‘aﬂﬁﬁhﬁﬁﬁsys@ﬁ] Gy §dnér)iing@ Elgﬁaﬁfel aﬁbgmithﬁmfhﬁdirﬂ‘iﬂfg itt@nrehes, comparing the

v oG e L B BBty U A o i i HonREh A, Bl an

acceptatdeomyza pf degjret krench Gepthis.gratatingthe epngh esqhg%ﬁpkﬁr & CP?tBP'afPV“‘tgéhe
trenchesqg& &ﬁl%aﬁ? acﬁlfs?d']tgeh t@ﬁ:ﬁ%ﬁces%ﬁpdn@ntt N@ir OB deENind Gedch @pHIAs within an

n nge
sl Breg it R HESen PR O BN F BBt e Fhffae
trenchet 0 continue form ng the trenches and optionally
adj ust a trench etch process conponent; and if the
determ ne trench depth is wthin_an cept abl e range
of desired tr eWE]a§B§‘H]§IPT¥%PFE?% he trench etch
qogitd 10l thsertitestathighaeval salzinaticldguiminnéa tybtem adeprding tyege asfiest of the present
inventiosRl EF DESCRI PTI ON OF DRAWNGS Figure 1 illustrates a
hi gh | evel schematic di agram of a sy st em accor di pg
dhgrekifustptesrschepatighlesk dingram of 3Gy aﬁ‘i?r T8 'y pfie @spset of the present
inventidn) | UStrates a scherratl ¢ block diagramof a system
COI‘ ding to
0 0 RS O 15 6 e 2 A s
Oneaspwy@fﬁ@mqsmlnwpﬂg a neural network according to one
ag 111@sftrat¥:§kﬂu£1[1@@%ﬁerﬂaﬁb\lﬂgiah@ma ?éatagmmm?mpndyash thz_tyetSm of
v ram of a neural networ
Flg“rw%qr‘g&‘/getaone as‘feﬁ“’?t%egrfsgrlﬁug n%g?il gure 3 according to one
dpect ﬂlmtraqemscmr@@ce prctial ploak ﬁtaETe’ﬁ of pegsiqry gfpleyedsin a dual damascene

process'aéchﬂd?ﬂ% E@Jn@%p&:t nk ﬁ‘avenﬁb’irt ial block diagramof a
/St e | oyed in ual d cen roce j
ST RS T M SRR TRy SREBE * Ly BEgebia?

accorduhg tb ogtasmtte@sthapesradsesout i onal di agram of a waf er

UAGES BRLRGeds BYalsc ABNPELEREL P HAEASSerg AEGALM bdghsde pRidess
aspect of the present invention. Figure 7 illustrates

according te P??saépe%té’é?lta Bt I eUigPam of a wafer undergoing a dual
deipmst dingrajes 0 ceSSectidl dgoor d p wafet wdagringasipa damagdenetprrsess

accordi%tggl%rlltspel;t%y&lg %eé%gtlln\%ﬁtghlr e 8 illustrates a

Ss-secti on agram of a vvafer under‘g %g ? dual  of
RS ¢ Whwralst prkenstic digeasy o PP Aeuzd ordipg o one aspect o
the presPit@f&dtion.i Nnvention. Fi gure 9 illustrates a schematic

dll—ﬁ Lge ﬂ{[husErath a Sel'i(ﬁ'l t%@aérgmxf %ﬂl%% ar{‘s%llt %gtryas(}&gﬁ QJC(Q&nf,I {8 one

ent i nventlon. ure
aSpectqutHetH@fqnhltl@U%l scherratl c di agram of an exen‘pl ary

Sﬁ@&r& ﬁlﬁﬁﬁﬁ&ﬁtésyaﬁmsdr@mlaﬁiﬁa@{eﬁhpa@eiso one aspect of the
nti.on. 1illustrates a prior art

e i nv
d%‘é lpr‘égét Saé’nﬁrra('itdgégamasﬁenegpﬁ?cgss12 illustrates a prior

aFipureblg116 dhrrecang dpnaseeepsocess according to one aspect of the present invention.
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Figures 13-16 illustrate a dual damascene process
according to one aspect of the present invention. 3
wODd0200890013907 PCT/ US2003/ 021108 Fi gures 17-ROI/US2003/021108
illustrate a dual danascene process according to
0%@1‘6@%20@&@@&@ a &l dhd¥BeeRE ﬁ&@ﬁtaccofdﬂl\é@(ﬂinbtﬁé} aspedt SChd st
| NVENTI ON 5 The present invention involves
inventiog. yiyr ovi ng the ef fici ency when perforning a dua
damascene process by elimnating the necessity of
enpl oying a trencﬁmﬁﬁ(gﬁjﬁ@pn{l@m@ﬁw the insul ati ng

structure throu t he dual damascene |§

Theprprew dwption | IRFAIE 1EP VIR PP eency SPFRRTOBIEF 1 ?FB’@%?%‘H@“’“SS
by ehrmﬁ&ﬂﬁ@ﬂh@@'&esﬁﬂyl oﬁerﬁ}ﬂl@mtg & escindtch stap 1gersih theinuldtiay @quctaf through which the
dual danl%scen is {orme% Ple pres NSy 1n9 %{uﬁgmv@ﬁ' sefgv\ﬁlqn@rlg dua-lll— G?fﬁaééeﬁe opEIhr%s (via and trench)

nsul atrng structure rou damascene
in a singlyphomi af dicleeriq eyrinveleling o Biids g msvlanng yirusrediiereh gl the dual
damasceﬂ@&i)elq $ foRedd cblﬁi?s{s Wiy lot bR NGer] @Y @6 notARIude il Eisystst Asa

result, ttie ﬁfg]lcﬁvé 8? éﬁaﬂjé‘éasfﬁﬂlg pnlfilcg?sH%?sq%lﬁr%\? %m t? G ﬁmélhcing)f m§lt1ple ]Tayers of
dielectriciinatbripdstte inekerrainevlitiag grudtae frekgh wnch dﬁé GPIBQS@H‘Z]OPSIIHFEQ e ffyrmed is
dmmmé$rough whi ch dual damascene openings are forned is
[imnated. Referring to Figures. 13 to 16, a dual..
s HAO8 SRR 08 06 A4 ARRSTPREARREE ™ PP B BB G RRgipenf the
present ni@tionOs heem tSpeaificeltréfaring tg Fighre Wh 2 s@penduciopabitgte 500 is provided
with an {ng“ifla%g% %u:g ‘302:&0%5519%1 gleq’aymglgmtlrﬁﬁlatﬁlg %ﬁa@&ﬁh@@)@a

an insulating structure
surface @epRtaTH 9FEp SEPSEHGFIiey Nl A8ty APmigIdHEY 0PIl ﬁﬁé‘tﬁ‘%ﬁ’f“i“ﬁ@f
substratermt) SHut Ao a@pant ARlaypred susetitafet@ictibirverafie serfin@dtcenr pabstrate up to the
point of roc sguli al;[nger dlrg&lsslIloge §enﬁ<%¥xdugl!a{)§ﬁbs%at§ g&j lﬁagnﬂé:ﬂlﬁ@ Sk 0§H§§ ;uruétugs such
g ehfs sem conduct or trate but al so. X
as activegflqmenty gnspgssiyp eleaants el Lip RO ipAn s Gt #erdinpe P gegions, drain gions,
bit lines S8k QM@M%QJctoW&ﬁ&&@E @ndd rohidnctivh plugspdiffinion @dgiops; ecessi ng
Li%glfctnd: olr Icfl(s:ulfzfcﬁn% mg&ena mc%%dc 9[]? lf{%gsgc[ dlgié%ﬁztrﬁa‘?ehgs §19glte@){d low k

one as active
materiale Sinwrbassd éﬂ@ct{ms@?fl@‘élnép@rfélﬁ‘t“sdquh’éi st Tigomy ghiqop exypiride:

Slllcateﬁﬁ@hﬁﬁ fludMAE QUpr]s@lﬁ:on SQUIFSE), feﬁ‘&ltl@fcb&hosﬂiﬁﬂd (TEOSQi ons, 20
nes,

borophqs]?}ﬁggaethgl(gﬁlaugfeﬁte \;gP’%:HSEJ gﬁos 0?1 cljl § gon (?ée i bo(f"oggocsiélgglhc\ég glass

(BPSG)Ding bigertswifable epin-¢masd- at i ng material i nclude silicon
Wo@hﬁl £5drfals SncBLoBE braddoSe of §d)l§l1h]§ﬂ§ ﬁﬁonn@cﬂﬂ)olyﬁﬂlﬂéﬁ

material. Siljcon ectric
T e e
polytetr@fitiprobthyléng.eSpecifii ¢xampits@ba ¢omplersably Nallﬁbhlwek M@ﬁr@kﬂ ing]uflq thesp under
the trad%!le@@t%aﬂgf %E')em k&h !&ﬁ‘i@&sl’é}ﬂl qeﬁé@&f‘tb k)é §RYQ ot %)loroblphenyl and aromatic

tetraet hylort | i cat
biphengiph SRR (i GPEME s ALGEES Bt 35%&@5 Bl g e
Cyclote2d® ﬁcBPS@ Do@ Qfentital) Feflos@® mlalatlraﬁu@pamyleomfrgm BeRont; ].Qg@alkl 3MS from
Dow C(?ﬁ? {1% PR §£nll ﬁita%hl Cﬁ&llu&lg 1338 anF Ngr‘%%ﬁssﬁf frol?rp[]l&ﬁémeﬁ ERetronic

pol ysi | sequi oxane
sl By I RpUFOR PBEE ORHaT R A N S R sorapy gt
Batteuel%mmmnuIV@B@MNA@%@@EM&HS pol yt et r af | uor oet hyI ene.
na toréeremgg(gr%%( ?EF% dg'kn%sF'onhe lr9s atmlg Jrlfckurey 50%YS%\)$H@PB(@ A (QIWStK)m or more

0S€e un e deS|?na I ons
and abof| 080TV lessninAbdtiieeehSiogmetit, thetfkiblinesy effhe igsulsneEraie 2 A5 GH!

soooon%f&&remdqm@mmoaﬁg aromati ¢ 30 bi sphenols; Bl ack
anondT

O\ SRR LEOIT (PRl ol BT B e A RS LR o s
resist 5@ esineadning 5ed dooepenfinpltietseltsequért opniogbipyMisergosing @ pertion of the

DuPont; XLK and 3M5 from Dow Corning; HSG RZ25 from

Hitachi Chenical; HOSPTM and Nanogl assTM from

Honeywel | El ectronic WMaterials; LKD from JSR

M croel ectroni cs; CORALTM and AF4 from Novel | us;

nmesoporous silica from Battelle PNNL; and Vel oxTM

PAE-2 from Schumacher. 35 In one enbodi nent, the

t hi ckness of the insulating structure 502 is about

2 000 A (angstron) or nore and about 30 000 A or

o oy 1. . o o "
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A patterned resist 504 is fornmed over the upper

surface of the insulating structure 502. The patterned
w0 e®i4®139804 has an openi ng 506 correspondi ng tRPCT/082003/021108

subsequent opening of a via, exposing a portion of the

1nsu1at1nést}ﬁgu1%09ﬁg eQﬂlgg ggruagf/tﬂe@%@l%{g%ﬂa%m {sAGal @itk fhg entire structure is

Structure. The_exposed porti i nsul.a
suieceio G e T PGV e ra e P 8T Pl e op e
identity &futlpjischeg st@tugF0Bt Alivisoigppioroliess isofdpi grhing mexiegmployed, but

nd et ching conditions are selected based on
amosomfp%e&%%lsﬁ Ferr of the insulating structure

Refepiag toerreCMél@e@ﬁpeﬁlgllaO}IZ p)gedtflsr tgrﬁp%l tlgtI%SH]iatH@ sWraDSQZ The width of
via 512 lﬁme QY6ut 008! fun (1EEbI) SOkessdbE 088 (hibrigss, aboupo. &f iew ordiels, alput 0.12 pm

i AR G S8 g1 o
502, the yavgrBli2sistBQB chwaining apbrings 519 cBesparingiosphstiyengy forpeigrenches.
@Qﬁqng & Flg%reglm RhulthR& 81y c3R@sMardForkad Qf@tdhfng Ivvﬁt&su.sm@ batstometry to

a5 LB e . T
scatterorhdts uxloaiidr pgymiss tha pcturategleteB DR of théteenghedepte prdepding @@Pﬁtthe”&@ﬁ@ fora

trench et?l‘?ﬁ(?@lg@f i he %ﬁeﬂfng GScat 8oL Gk ﬂlﬁ%&ﬁ%btﬂ YhinQnesdd e getemnddpih is
trenches. Referri n

e SO 3 BT b= AR R S S ey s sen

the etchid@pro@ss3€ @tnietcomet ry to 10 nonitor the formati on of

H*ﬁggan;c%{ag@agm an{%m ﬁga,tltlﬁgng B Uik ic @ DR Pl ndet@ty desGhhes

Scatterorretry noni t h lrg}tsh
sructurq @ a6 BerFe &7 HEFBEAEN mY o e 1 FEHEHO HETREeci 1pd e
condttloﬂ‘d Iftzi’j'cbbl it By the@ohitbadg sgstent. raiesiropi: etahisd @ potlrcmy:etching]m@m

employe& nbut’I aé(l)t{(])?lc et%l{%rygggeplilgfﬁn go%he tteﬂchgsmolgblﬁéa%tﬁ% ggomusg{’me@ b@s

€Nnc I eve epen on
constitute Ideal tlmaedm@@amet 51t4hEhe| vnétta Pagrdertly Ofétertt%th@?féwfsd e dugl ffgnascene
openingS &8 iy BRI Ybe BBV . ﬁrpnﬁdrgilﬁs’ib 85 Iuh]ﬁr lek, (hbdug@l&),mﬁmﬂss attoot 0.15 pm
i cu et chant and et chi ng
or less, %Sﬁglgfndﬁgless’raeg%e? ect d t%la‘g‘ias on the identity of the
i Reerrinatid Figpre Kt qopdutiiye enaoia 516imdpppsgied ig Heuabdangiopeopaifgs S14.

For exatﬁ;glg Qéﬁﬁch@ﬂﬂat&ﬁl Ih’@%g ddpﬂsn’éd?(i)\@i thddhide @trtﬁtufehfoﬂkgweﬁ b e chéinal
mechamﬁﬂ Hi)llsgpg &23)[1% )Pﬂagaoﬂge the !v,troucts engt}{taglg coa ! g\;eengatenXls 1n|c]§de CO per

osotroprc e
tungstere @ sihgr, Alaryiniys an S@m corhyipatieny |ﬂt9§9ft pédastner léte& hlptrt némay be
opttonalgrtﬁfnﬁﬁ 5\/@1% thd B Jaﬁt%&l@ gﬁenﬁgfgﬂ pesd theﬁd'slmﬁé'lﬁe RL@MIRUSteyal.

formed vias consti t% damascen& ] w1t|ﬂfon%%mb0%merlt0fthe

TETHER Hedsd’ Bepraft fialt“ﬁ‘ee“? PRHEA" 6P S0
present adEGGeshowR (Speqpfeniiyrefersif gito frigyreil i semichndictoy subgraggt58is provided
with an Ptsﬁémg Egb re l5§23c%ntatgn£§sn%@ lgrer df%ﬁﬁctn@@%&ﬁlat@lg %ﬁteﬁmoﬁ)ihe upper

l e
surface ﬁ‘ﬁﬁc’fe P@}?Ctﬁb?ﬁjlfs'ﬂ@mi rn%tieﬁol% Ilncllugessgtcor}_-\]@]seg rd}e eﬁac ﬁgcrg{ illfcates @d low k
materialC O\éhe Gﬁlbddﬁneﬁtﬁﬂlethicﬂiess5iﬂie |nsuldieposittre d02 inabbite, OGQIéJOY more and about
30,000 g oxt €S8 Cfﬁ%ﬁoﬂ%?? qnloaglgnt ﬁﬂe4thlc ’e:s(g bt tﬁg(ﬁﬁﬁltlﬁg strgmgﬁrt@ltlé abSut 50,000 A or
eposi te over the entire struct ure,
more aﬂﬁ@‘PGIUb?Wé)@O b)@”éﬁlﬁem cal nmechanical polishing (CWP) to

pA ﬁdfﬂt&rnédztﬁsﬁt e 1531)&11562 B\hﬂ‘ tBe uppbi stu@daé 61“ tl&ﬁﬁkd]umigISMtureaiOérTla [patterned
ude co

resist Sdétﬁ@s aglopwg Igg()e cagreslr)ondln Ith a?b g‘l(t) ?]ﬁ' %!)tlfa\(lglr exgﬁln? %&HJ;H of the
insulatingasyreaturd. ride ewhag«twp)mqtmtﬂhbesulagpg qtr@ﬁap PR if mpnseiasih il strygiare is

subjected lt@zln HAPSCRReT Wbtﬂﬂ%tc%f‘an@ EhiQhe doRiehaPaSiclettddbatdd@n the
nductive nater Referrlng to Figures 17 to 20, a

m“mwdﬁ%?mEQWﬁ%%%ﬁge(#ocess in accordance with one
enbodi nent of the present invention is shown.
Specifically referring to Figure 17, a sem conduct or
substrate 500 is provided M th an insulating
structure 502 containing a single |ayer of dielectric
or insulating material on the upper 30 surface
thereof. Dielectric or insulating material include
silicon based dielectric materials, silicates, and | ow
k material. In one enbodi nent, the thickness of the
|nsulat|ng structure 502 |s about 2 000 A or nor e and

o g, NN NN PN 'Y o o oy N T LT



10

15

20

25

30

35

i nsul ating structure. The exposed portion of the
insulating structure 502 is renoved as the entire

W@ 20013992 i s subjected to an etching processpPCIVng2003/021108
particul ar etchant and etching conditions are sel ected
b@%ﬁﬁt Qm tuhers, thelgdntd xtlélsmfparhh@ extaﬁwihatlgmga ifdulatiy{stiicBure 502. The

width Ofl—'vllagsl]l? @a&@ as % Og% gﬁglg ei?%ﬂéf% %gl’/flod%‘ F §)8 1sF%erme5 oveptge ﬁl&llatmg

structurd J02.ahegphattdrive rebistS0§ @hiiniyg spenigstSUP @@@Qﬂdlnfﬁ@ubﬁedPWY&Mﬂ a

trenches512 may be as about 0.25 dun or Iess Anot her

patterned resist 508 is forned over ]?ng ) by etchi

Seferring i o0, sipylianegusit opshers fegred {od e e ub PG by eiching
while usﬁ}@@&tt&grset@ 1On&nsieSRaRGindgtht enshes SHE s@ndrbmetrf openatidn is described
more fu{ly beﬂ)w %’Ee scgtemfenet?yrnrl%qu: é)%rgnt's:glg ycrcﬁat% getecﬁdn@f' lht: ﬁ&%ﬁ) H{e% hyand }ljoomt

enches are e vias are orms
without e o¢wd iy 2 trovtah ¢teh stppilayey in hainpwdatipsrtuptyre §Q7 <hso¥?ﬂltabﬁhe tif @ﬂ poins). In

this conﬁé@ﬁdﬁa&/ﬁeﬁ 'Ehe @ésu&chﬁncthﬂ@ﬂ'ﬂl@fg Qﬁuevéﬁhﬁhﬁﬂ(&bfhﬂd WoiEthe YicBperoaihe Mkulating

scr oW, scatteronetry
Stmcm“h%ﬁ e deé‘?"?ﬁtrf' ?O?IWéSI%lglé d“ ttcmngcpe?cgsé t? 9 t‘(:')nﬁni?‘o the trench
dEip birtiatacletghoitatd etoing broditions s selestsd bisest ongherideatify Af the igglating

Structurec‘g(ﬁpan!i Y Sdme opdlﬁfe!?&t étﬁﬁMlnﬁS/ b@ﬂecﬁh Eél’éﬁt)ﬂ»'tf) etckﬁﬁé?the( @'SS Mﬂllthou@lS
he via end point, nec

Condmod%?yrb@ glargd oy e mg R 1F1g Slyge‘%\ h#ﬂs %b“}?ﬁ dee Vlds Consmme dual
damascénh @pehin gcH i Rt wislth dnf depibrid the &rbricin g0r11® obthe dret clamesc«s@ zpemng plg may
md1v1du%ﬁ>al§e agquHgF[r%orqggpl tor signals the etchi ng process to

nat e articul ar et chant %‘é% qi s14
c%qﬁfdliﬂtgl t‘bﬁé“fa%oec%@icté@t%“b‘a?é@d dPRsiieda the d ?ﬁr‘lﬁgfe‘b“r"p?‘ﬁnés ‘
For exahpig,biiluttgmat&ial 1iHttd depoSHa oventhelertitvatrgauefofowediby £dPeqplanarize
the stru%ir% %Q%blehCOXdu e H3E lsJ 1£]cll[d§ L%gér qpnggtgl ?d 1& Eﬂvglg altuﬁiﬁurﬂ lafly alloys

conditions ere
and/or epAINELORS thﬁgeog yishagier layer gt shewp H’é&bec‘%?ﬁ‘ﬁ’?‘ﬁfefam\fiﬁ){ t”th’t‘ fhedst as
damasc&f@ Bﬁlinﬁdﬂl@ pbd & depcﬁﬁﬁ@ﬁ@@ﬂ@cm{a&meﬂgs 514. The wi dth and
t,on gg t.l\g)elsk\r JecE wa er f%lt r% dﬁ%ds uu%fx h‘é GE cﬁj é‘{%l prcg:@sqgﬁ&:g%ﬁl allows one to

IO m-or
visuaizh B sppeRRer e plﬁgeqs of i ¢adamgsgene dz?ﬁldwﬂd\f‘ﬂéo ﬁféFf'é‘fe}yé’PmS‘i%the on-

going dha} dQﬁE&ﬁé grRels ns thd abjedd alal &Laimaﬁap@mg PRattgSa &edided depfto width
and/or cE:ﬁ{eHFr@F ]’gt EeJ,B DO of\{l}e Ctﬁe?c‘il e{c dprgcess é%ﬂ:,beedetgr%@n%§ Itllie?egy Y& Eanﬁé]tﬁe

necessig tof epgplayine a trégh ¢tehiztop layemnlie IHPWHW@WP aI s inc I u d e

C%Qﬁaﬁ darhaREkr &Bss nﬂ?i)éinonﬁd)rled/ﬁﬂ optﬂhiéﬂﬂnﬁbhkﬂby BddttedinkD)sFstem. The
[/ or conbi nati ons there

conceptgﬁ%wlp%%f s%ger%e(trpr 8% gfslcrg]beg Blrg};%tar (? ga%l keel‘ow Aﬁy lgiauré PP %cordmg to
one aspela nBgedsent dp@nem g:gtteﬁmzbtrp [dateis genoratte pxquegt]ng] ng{t jdhe subject wafer and

by colle%@r&q*éﬁtréﬁéﬁe flel, s%{)Ject Vhrgi. trRg ﬁeﬂ‘&teﬁ D& ecdﬂll@dp@ﬁts toelu@dnt @ of the
I't proceeds h the tr

sobect gD el VAl ) G ey G P9 R gL ging
profile 8Kk spij@QWESS A@i@httdbtacudg@lvlcd@ﬁasamdleaprdmhmdlpﬂlgbw@ pnd tegnsmits
tmsmfanLt%%E Vueeh%ﬁng’oﬁﬁdr -hhe on- going dual damascene

j ect dual damascene openi] g ot d ved
B iy oA RSP B St RS Fone PR BY ST gt dtareeive

from th@ ﬁ@ft bidteRtorstif ¥R RGN kcadrohd® techimbquedan@prinbiples. dhe Bght dagarmay be

Uansfogiﬁ% Pr tragsl%artgd rlln%(f écatEer gl@)i & ! §c£ﬂe{dﬁ1teﬂr1g gateg tgﬁcaﬁ?corﬂﬁ&? %ISI%IYatlQJ

*h etch sto nsul at 1 ng
generatgst ﬁrqm:atneﬂms of Ty eeﬂenﬁeai hgbfa‘ﬁ%%%‘éo ]él? @é}é@sh%ﬁ hpyeforepif fear e
mgnatui%r&grregﬁlhm £ 8fekeht Rratp B the @Hje@ wafed: b par@amet th)é dS¥Sttie Bual Thascene
ncept and princi scal BeronE Y A8 descr i bed
procesy, et AT B apir AP Rt e f it ARy
numbemm‘ enoavs pigaiura freldtddao wafers which ham/lelmrg@n simiday amaﬂ éqn@memﬂaesse&
data is generated by directing |ight at the subject
wafer and by collecting light reflected fromthe
subj ect wafer. The reflected |ight corresponds to a
current state of the 30 subject wafer. That is, the
light reflected fromthe wafer directly relates to the
dept h of an opening and/or profile of the subject
wafer. A light detecting device collects the reflected
l'i ght and/or [ ght data and transm ts this

a o, e

——r a2
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35 transfornmed or translated into scatteronetric data.
Scatteronetric data typically consists of a signature

w@esensoed from anal ysis of the reflected |i gheCT$1903/021108
respect to the incident light. Therefore, the

When a El@t@l%@ ﬁ)tn%fjthe §ht9? at Mﬁl&s%% bOBLQARELS wife can ek @iMed 5§ B €enct

the sub ect articul rtlms .
monior g 8GR AL B QHB . oot e et Sr B greath Py ot Bhmaion

for the cBeipat edird wafas. didfaliasesion isludmat eepld, idydently, widrpoédeprofile of
the subjec, %Wﬁﬁx%wtﬂ%mg L a@fend 9 M!itlﬁ% d rbﬁ%é@d%? of &l M8 ¢h tﬁéhumfaﬁafs&ane

ave undergone sim dual "~ danascene pr eSS
process.gDUpEy tiz@@zwmswownﬁevﬁww@w O PYBBCTINTEAT TR R “?a§
gathered a@ﬁ&fﬂent i'nféﬁfals tvaitiefalilita® sequalibd EEIEh@0 B} dof davhecs phijact
\A@g fCétrtﬁl‘Oéne 1C gatg r%t S ﬁr(on i & dd p)%/ ahcort?t? llgrr %%acﬁgtgogg% Jpgxraﬂn@g coupled to the
trench nppigTiesSAtEY. s&@mdma torpmne] @peCt ] ﬂ@ryteisem ipvention g tent P TERCen

1nformat1(91r1n Eotﬂﬁ‘ectfdﬂ rvsﬁtﬁ me Slﬂ)ﬁk@t \I/alﬂér Uﬁdﬁ)r Y@ Sa ﬁéﬁﬁﬂi&frendlh ﬂﬁflﬁﬂn@@ﬁstem The

controlleafuses {hﬁénf%rﬁxﬁﬁlog (r:(t coagcrl gl} et(ﬁlsde%%el vﬁncg inclu one’ oa %grd /dgal daena?cexlxe p?ocess
componergd @ dnfagh drivingajsteac tSeetiflsylly, the et¢hnimhg/sefetem ﬂantsﬁée t@l Heﬂslate and

1mplemfg1m§b9§ﬁ1@r > AndQOER Somr&s o Qell 6 HQBss it AShoY Baceived from the
non-destructive nature of_ sca

t
contollg e PORIEPPL ORI BETGHhEE B B g PRy Tt
instructioil &finAahd awdAir dfiorfngtin kdctigdddrogaigieenober dingily withs ond ortriges etch
process g%n?on q@”ﬁ)&l iof Qﬂ‘e%ﬁggf%nore en:ﬁ p§)9é'§§ Joﬁlf)cglgf% Iﬁéﬁnc‘ﬂﬁk & 1858 Yne of a

e use a control ler. The cantrol f n
device, 9plegoRTPPSFien: yneaeaerﬁv%eal ' C?rﬁlénatl?%%f‘eﬁwlr—iﬁmf%w %‘4 '8 A5V 8Pht™e
trench e&ﬁ@@ﬁedg ng to one aspect of the present invention, the

t Etp{eso { 1nve1{1t10g ?a? él?a?egﬁ 3&‘9&8% @@)taék%?m Hnﬁlglpfrﬁgf;tnltei tg gff%é!rgélﬁ%rhmore
changes o qncgmna@labiﬁ@ﬁ%me PPRess- 1T Rl BTcPEing tgugaspys  the invention,

informati6f 1@c[ B’Eﬁl th @ eti:l@drﬁvﬂfgts%wm 18dy sighdl he elevdriomg whietlo dithelcoidies: the
trench eé? énﬁ)ceas or}g tﬁnmnafae ﬂ}e am grg%epsr %F’r%?n%tmn (?:glﬁeﬁg Jr}ﬁhéalaéﬂr orata

rrving
determigaggite. mf\@aqdms @rau@thqr espeat aﬁﬁ%q iptetiogyip etcp ﬁwlwmm Pebe Signaled to

adjust SHORMoR! tlefh 'eh bIG&EJ ddﬁlbdn@tﬂ@e{cc&&ﬁgfamﬂiﬁerrﬂﬁedlﬂ&kd of 818 sdbjbct wafer. Such

adJusnnsé‘tgcg?n%glgcl:a]géﬁog{ n;ﬁ%tﬁ na%etcilﬁ?oge\:/s%%nﬁ erqt]s %&F% eernﬁcae?sgrr el‘i or(?er to a&ueve the
determiggddehdpdint W tmgle@gestabnﬂwmlyortsmmlqe asilates deseribed @ﬁgmres 3 4 and 9, may

be incolpAERI %lhég}q{laﬁﬁlg 'SLBfl (S rascl Ih(ﬂﬁicﬁtﬁ)ﬁs&b W8 Bual d@mctRerocess. For example
controller directl % to. the one or npre

the tralrgg fﬁﬁl&l}]@ﬁ\t@ék mﬁ)g)g I"P[SP %ratS(% 1nrto R éysgw éor 6‘}0“‘%‘%‘ %a el.{apdﬁmascgne grocess and
progrmﬁiﬂﬂ]&ﬁd’@ﬁﬂit@arﬂ&yewa]nab drdbedagihscéng a@tesma@mglﬁrs,aneaﬂ@me@tg and other data

generatéaﬁaml dete ﬁ%(h? JLhE ERRe o{@&ﬁﬁg (Q([ th«,SM@sEIﬁ v@fio Combi nati on
F ar e en‘poe to Car%ot t he

tr
e besges S PERIES PR LR PaR Y Euplt S losics
associa@@ K fdilireilg fueetivaiadd opfmizaibiosntiat mioimidationexf et cdsty agpdiaged twith the
c dugly dRIBREEARN, B ,
dual darélascene gro&?s’:g“ll}us,erg(bgﬂlgﬁ trélﬂn st%i@hlg: €tg1g06gne@as eg? E%ﬂ n, Bayesian
fuzzy sfipRRB FERSSED, T ARG HOKEEP B RS P D OB R expe, certela
model éillEHIﬁéthgm§M§t(©MAUB)yra81hlgnaad futchéns gliredfed d¢arcliinergorky il @metioo link

iwor SL} Qte nuye reset}n(,qlplcnh etch process or to
networks) gy ﬁglP Yo & e L Y process. Ternination ma

OB cheringahitfl o i Aisboyel sthermiti Hlvs B ivE] 20 fopgonitoring a dul

damasc@tﬁ%mcg,k ReholR. BRQYREBT 20@§ﬂ1ﬁ§sta vifer §0) @hdrdivROvhTaNB0 ist ghﬁg ®tbe br is
driving

T R N L
determ ned state of the subject wafer. Such
adj ustnents or nodifications to the trench etch
process conponents may be necessary in order to
achi eve the 25 determ ned endpoint. A trained neura
network or simlar device, as |later described in
Figures 3-4 and 9, may be incorporated to facilitate
maki ng such optimal nodifications to the dua
damascene process. For exanple, the trained neura
netmork may be |ncorporated |nto a systen1for

o o o "
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fuzzy sets, non-linear regression, or other neura

net wor ki ng paradi gns including mxture of experts,
w@egehbedohrn nodel arithnetic conmputer (CVACS), PCHUBZNN3/021108

basi s functions, directed search networks and function

process Ilaémﬂ&l g%sﬁﬁtcﬂ’)@ elfa'il)/elﬁ&ﬁi 0B € H&kl@éﬁ@l‘ihdtﬂfneﬂ&b@lc@r@&ﬁ €dtvn). The trench
I nven

1 on errin Inftlra
i ChaﬁPe&FFVF%R’FéfP“%%‘Wéﬁ%%hlg oW S) o A Sy Regopgpens 0
macdublaamasgenamohi@ting sgaemedioe ée prtadebse desweselmé/mnawh@ be
d1str1but§dyb%gwgem @9 % e é&g&ﬁuﬁg mr:eg randﬁ)Q pro%s%g ejne dﬁah@miﬁ@glﬁ mogidrihS

e or 1's Dbeing subjected to a q distributed
sysem auteepornBsicH oElogRe B ise 58S ~FRBPLS of i@ e
betweenltxk?&dr 4dRphyRicallaad/ordepiasie diee The W@ 2004 I3A0ting system 40 may include
one or Il}gﬁ% §?ngqso§f91 s%t{apa%rg' I]C)cel%ed dI%%dQ ¢ gr%&ssrm{}l:}]btetof[nhl&gong Xﬁﬁ&&oﬁgonents that are not

vel'y ch chanber/ devi ces
located st PEROWHTOCTiEheFicl o#ESs CEXRORST AR P SR (5 AR ko e

pnmmmkﬁ%mhﬁ@@&ﬁe&%ﬁﬂaﬁa@ﬁgﬁs and includes one or nore etch

CO damascen
T T S R
componbﬁ 50i Biterohdertm@ck kb praeEfcompeney 5W@°@Wh‘t"’i@f@e gageene
monitorfag g/st% 4@ rﬁ%&:@a% %Plﬁustramﬁ tﬁ’el'@la M%@esﬁ@ﬂpﬁ&ﬁt& B@re&ive and

tem 40 reside In si.cal or g evice.
mplem gL ERHRptR B By o BB R e
monitorfg kywexe A0 fovumulaes thetuseudpbnabiomaknda hidgeosrating gideadly zihg dpte gelating to, for
example Ic?n% ordIH(Q‘tl-: GANRSCENR WIRMJ Qﬁ'xd}%éb[i&t lﬁmo&paum trbﬂaﬁés uotge wafer 30.

or nore conponents that are 3) I.NSi b af dent lioht
p?he@@bdgn%ww CEAHTYEF 691@11%?6%? 3 ﬂﬁ?&ﬂ‘é«%ﬁ §a"i‘ praeear ée
60 at théWodfer 30 £@ adiReting A S 20 @hl@flﬂﬁﬁ@&d atianizéncted Tlva tietveifer 30. The 1nc1dent
light 60 mrao eesﬁ;%)h%:dqﬁpn gf %ﬁféen@ Q%h@%%r ﬁé/ g@ecﬁu@nc\f Ist@bﬂ@z@&jfagf The dual

cesse
damascalp phriiterns spem 40onayieciialie %%%fgar?%al%H Pt tber ‘ivaﬁﬁ 38&“& Rfyfelected
regions A0nd wafed B TRt éx‘dxﬁﬂﬂb’, AU iRchsdef® rivaRordE sy¥BME0 ek direprtizGesint light
60 at se%ﬁe V{%g?cglp (t)f?fhe 59b wa%er%ﬂ %uc Ehﬁtqpe € re%&ng Pro ﬁQ&a?a%ﬁfﬁ&W%es

cooper |veI amascene
scattrommginisteoticesg Thyrs ested Y 7Bgcaleed y TP PRSP EER-GRI o HE 5B 40 ond
analyze® ﬁsnﬁ@dh@er&ﬁe@r@ tdeRriR(ueS B o@@rtm@ﬂ@zﬁlé 2551@Qtu1feeﬂ?ﬁbl géfbrad dignature facilitates

deterlnl&l%g greéﬂ(;[ée I St {ng(}:l%l(lﬁlg Qr%/or ne or 12(6&: Isieﬁc]ﬂ 9[34 upr{l:gsa g#%léeéeésn%o associated
with therpoljéct water 3 systen140 fornulates the instructiona

CRRPRLLA it ngﬁﬁlﬂ{ua&rb R AR t@J‘tﬁlchléés RAgH ﬁﬂ&fﬂe Jfﬁieaﬁﬁjddgwaﬁdﬁ 30.
for 15 exanp one or

n
Trench St@h PIOgRRy pzfr?plebeésr S{O (J&cilj th?zvn) ng‘ﬁ.lge ]FU(S ?rﬁg(gig]ﬁedst? et{:hant coxﬁpe\l@mgn 91, identity
of dielettHemanaibien?, @ant T exechd atbmmeumeesiS emvessunat; ¢terrrin o 25¢ oty

refenetﬁgg%ﬂhgéhﬁrbée§ p%ﬁléelpyo directing a beam of inci dent
he wafer 30 an |l ectin

[
R FieatrER et BN REP OV T et BT o f igine
scatteroﬂalﬁc ﬁd’[wgeﬁbeiﬁd by kéligitng 6 raffevyedtight §0 pehtteanhelyy aqqhm.ymay 1nc1ude
eor GO\ e i e a gﬁh@@ﬁﬁé signature
comparmg 0153 f nore éénl qué S gnngnggtb Eﬁfe 9{ r& é(ﬁngI ggn l’.%,refs E&l gnat

aser anascené nonitor
library 80y SpaligayrepaAy 8 seaerated hysombigjpg refingted tiehg %@%ﬁﬁ’ﬁi‘ft@& foyprogpqe 2
mgnatuféfass&clih%dmfl @iat raffcod hg’ﬁt 7(ni‘atﬁ=,r16 el ected 20 regions of the

28%? 8%31 fdmeilzsgerne gr)c()caé g}'eﬁses s1ﬁrgH1%é ﬁ%oc??e%%tﬂ ﬁlg 39&1 gOQEIJ 188k

undergaied tedtead eick gﬁoeﬁqaa, meY bedeeeraingispriptoushadrat PiregenbigleRal fizppshout the
dual dahRESE p&&%‘ FOSexihpd/ lig@red@tea oM fwﬁfeﬁ?;(ﬁﬂﬁmé Dl [GEREE atignature S1 which

conrespg%{gl totég%%gﬁwy I—llﬁaéﬂ 8%5’:\ uarfeg grﬁglg gg %ef | e t ref]lectg(b Ero t%e lv%g 30 at

time TG uceans¢mzed3 which gorsepatds @radrvedhidyptly Iéthﬂloqmsﬁ1¢ Pﬁ dyuglgging the
to generate a signature. The generated signature
facilitates determ ning one or nore wafer dinensions
and/ or one or nore trench etch process paraneters 90
associated 25 with the subject wafer 30. Wafer
di mensi ons include but are not Iimted to a thickness
and a profile of the subject wafer 30. Trench etch
process paraneters 90 (not shown) include but are not
I|n1ted to etchant conp03|t|on 91, |dent|ty of

- e o I r 1 . ~ ~
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conparing one or nore generated signatures with one or
nore known signatures contained in a signature

wo 2awrat3poB0. Such signatures may be generat ed PYI/US2003/021108
combining reflected Iight 70 neasurenents to produce a

sequenc® bﬂ@%ﬁl‘@s@:a@ﬁ&% ali@RlinMg tvhettch At whief Jop@testhid i@hig etérd uniformly

n. scen roce rogres
and/or V@Ft&ﬁgleallagg?%’%% eg:{l%d%w‘xiuﬁpqa ﬁt éh ed Sp 6!5 zudﬁx Ifrgssure Mot depth.
Uaelibioly diforgation eart te@prchied froh syok @q@s@)anm tcblemgt@memcw@% @r decrease
one or ng)?erﬁtf hg HOKE Lt)fh IQ‘BCG?StCOIBIgO%gl%%p&‘dér EH]@Jd‘i’f? LnsontéMng HeRpMth ﬁr&@ss For

amascene process. For ex ng | # refl ected 0
example, infprenaign wlated ¢p tge( sequeRRg aqa%ymbi;aa geifed acg odhe gegcatpfﬂceés @fnp%ﬁ?t%?]
where e@hd @&E&I&dﬁp&l&ltﬁsdlﬁa@ e iﬂodﬂt&p tohophilnizedhid ifiact e wafiee changes in the on-
going d\%ggamfﬁlscer{e PpI‘OCGSﬁ. 3§{11ch 1% d%c’gtéonga 4 1nc?]1.§1£ El?e%ﬁ%% thhgﬂ‘c&tlb%si%f &crhjng rate
and/or peasyUreds raey @Ifsdetegmae andlervshiowy éfp‘tpﬁfoﬁﬂiat%?ﬁéﬂo&‘ foathb F@Fli‘ fieh ppogess.

ARz &Msc&&%r&es\f@oﬁ@gﬂg 399163191@ Zpe%%{l}llﬁﬂﬂﬁﬂb (2 digddBire library 80.
The mg%%%ﬁ%?ye@ﬁ%ay%é%&ata %ngrslou? f%?ms eSlI}]CC as Ib‘flte}l% nmg 3 %r (?116 nll rgcge lists, arrays,
tables, datababerlinked lista anl) dota cvilee t The signatyes lmye&O HB@ b¢ 1§Cﬂb’é Phgpe or more physical

devices Slcft REBr el QYR RIS ’tapéﬁrl\’%@ EndRe &bﬁﬁﬁl useed, w dth,
pressure_ and/ or depth. Feedb

ck
g@ﬁgfea,tn&]jldfnlg TG a%ga SN ée% I’]tg l’? ée?lgcq‘%’ad&lgl%nlo axf(\i/or ltc)nown signatures
stored if hE figase libraryBOcag As@nplayrigo gmtrottireendr niokpeetoh [p@g@hcogp@hnts 50. It
should 199 Q&e Eo%d &19({;[9-9 gllo%esé &)HBBIQI%E sd IQayrB@ g{‘ﬂ[ﬁlbfyeaﬂ) a0 dA Bench within the

etc ess. For exanpl.e, i'nformation
wafer sw@Feae Py ala%rﬁédeg@a% Pitthe %’iﬂ’ﬁﬂ wili‘sa“@hn be fed back to
t 'h,ﬁm@trﬁh tPFiQEES 3 sGemion enthenitbing awod dendstvee moress@nd dygmening an
endpom? %r tren t&l u?gfﬁ %Yer(}?l%trg}g gl‘h)tvh chcQIrde ’R)t dng‘hsé&gofttﬁ% nﬁftﬂttﬁﬁ: tihe system

anges | on- going du damascene
100 poqusm:@g@olle@&ecrbaﬂv@wahewq laﬁlgmwayneu OhE‘Pfﬁ a@n%ff o dgy d%l?f‘éce“e
process@(tr @i tafero.NP&Sdtnk @ hnotRdr Gdck) Ghe kitetn 10A13d/coEedfop SBtemavith pontrolled
R L ST T e R
currentlyl eieesioneee agdrferdietsis watstti t ori ng systemis operatively

C’@Hé@ils%% 100 inkn&s & WaRAt 10 l(lﬁsuiaﬂu)@ﬂ@l%ﬁ/l 18 6hd suthatel 18) Bhighnedbourt &
undergcbtﬁtls uﬁ(ﬁ%gomg ranqa% 8§rlgagcre§e opr(%%sgr”l“he s¥s ernI l%H %lso 1901\55%5 zf’/dﬁ&tharﬁa%wne

monitoigbyem, 150atcabbes 50 41 pkerdh ¢fhkising R AT G ERHOBt Rgeratively in

order to%o%@&nl&cﬁ abVidNA Ynd &PradiBiMe &%nﬁ&ﬁgl&rﬁﬂdﬁﬁlt nRe h@ﬁch BWK frocess. In
sical devices such a R

d
parmculera%%dlalr qa%sgene gﬁ)a]foalpg WétﬁrB ?%9 lﬁwexiatéve?zﬁ%%d to tl.he colntrollfzr Igé which
regulat® €@ Hemd ecladiingseem 1§68 sBuiretck eclviriving Sﬁ@mrlé‘? felsetiveld C‘Pnitfglh the etch
device F?q MR rde\Jﬁ,réq\M]pb e SR A UERS etctSirQe&And Belddd€ons biGRRE didh@rocess

brary enpl oyed to control the one or nore
comporgtg wclb%%%%m@eﬁwﬁe ﬁ&P&OVéﬁf ¥t 15 shoul d be
unighedesdh @l divixitsy ddael 76 e tivep infitesion eiinp psentical §Gnmarys fyem the
controllemb gz}ég(pupgﬁ) 1tsf agglﬁs%f He{taalraggnét{eﬁ %&Qnd"éoﬁ&keﬁ b} !’ﬂ@ dual’@afn@srcene

manner dependi ng t he desired
momtowayste@awpoﬁhe cpRifoRerrig0 RVt ‘F:Pf@‘iﬁséf et S%P“@%x@’i EFRRee Pogonent
and typB”@ﬂlhfbxﬁHahcﬁgo Be tﬁﬂﬂﬁluttdﬁams EARLELthIda Ciessstat a700 Ebrekanipld, hgdwh
damascgrﬁ: %}torﬂ% S ste QS(S g ers t e?gﬂgcrt]edlf‘gﬁtr&gt]@ §rﬁlﬁ)te11f §Hhd &%Ml}’ms o§that data using

I nvention,

scatter@pisic @nljlmq]:@s(pr p’@@gbs §1@§n@ﬂ#’t it thef tFapswits Ekh e pEEY 1?? i Té’§
controlfepl 6b %L&ﬁ?f% ar@ﬂ@edQlﬁta W&e&nﬁhﬁﬁ@@@ Sonteht ah@@pediﬂ alforGlaivasoene

“anSHﬂé{%dﬁ%@F tren[cﬁ %tc}g{,'g/tng ﬁx%%gld%fﬁgs th 8()511%31{9,{ %@gn&/or ] erclhontmrl] sly%em 170 may
controlled feedback capabilities to faC|I|tate
optim zation of the dual damascene process for a wafer
in which a trench is currently being fornmed and for
future wafers. The system 100 includes a wafer 110
(insulating layer 115 and substrate 113) which is
about to wundergo or is undergoing a dual damascene
process. The system 100 al so i ncludes a dual damascene
25 nmonitoring system 150, a controller 160 and a
trench etch dr|V|ng systen1170 mhlch ‘operate

o o o, a ey B e A —
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30 conponents such as, for exanple, an etchant
provider 173. The trench etch driving system 170
wo e@eiov®e7 i nformati on and/ or instructional conPErRts2003/021108

fromthe controller 160 based upon its analysis of

selectivegrqgg%lateroggbi%lttﬁe%’:ih fid RN ARG (©61288cia dilh@heGidith etch driving
anmascene nonitoring system 150. The controller 160

system Iy i ncl ude a processor (not shown) for deternining

Mot ihesiabperagvedntbryqien @fwebmthomonibiingryystem 156, thercamieotir fl6@ard the
driving s%r%eeng g?g é?%c{lgage% gaa %&H etgi{ ﬂr&les@ QP ﬁsﬁ@aﬂ-@gmh &y stop lﬁm the insulating

nascene nDnltorlgg system 150 athe%s
structure;. flig theleehd, dngncd derlt} qgtors ngbeamidgrd 3 IR e eiegdgger
ﬁmﬁwn&h@hmgata using scatteronetric techni ques or nethods.

Egﬁ{e eglmlgic} I*elg_%%? ‘ihfﬁorr‘?’pogeg r?a]ss!:) ﬁﬁ%ergiswq{l%%%gsteﬁnolob g:@ now descrlbed in

e contr rocesses
greater dataih| The dubl deantascetrymadiseria prisinn g is prerativaht coprectath Owﬁ @Orafarget light

sources 18‘3fa9cf Jﬁ@%ﬂ 19(9% fighe @?ectoxts i @SR fdeiTighiQorkde@ss fr6jBtNightloftd the wafer 110,
stem

70, Th t he c9 ntroller 16
which st (PP G5 PGSR 5 AP U0 D o ey b one o
more bedASTof LiHR B0B4GAHIDB wewe Ioéa@ttmmfylghtevg@blaw@mw ougthRIpselt inpppEon
may be gﬁrp(fﬁ cﬁeﬂll&: ﬁ%t &Zﬂbe%%@t@@&n%g Qi surfesSd? He a1 l‘Oﬂof A sdbBRd regions

etch dr’i ving

o e el b 803 TAPPURCES B BEEHER, ERREHBPCISTHE gy dfetecrs
187. It sLEQd bel dpreGadittiapihb Beht b4 GIsaredkadt frem tigviafer Hi§ swfest em 170

g duaLéa%iaggne%%t&i;xgg}&gn %Ocanal%sotﬁg&ﬁec% thQQ H&ta Mﬁng RA&a@ometry

trenc er 1n the insul atl ng structure.
system IPg andggperaiqs g s1g@a§uéen cﬁﬁlalwrﬂf fhe éqllieg?dshghtdglvolyés q‘ﬁe’fn?lﬂlégt aé asé?fg;f
d1mens1b1ﬂ€lﬁt€di§€l{i sﬁfj dct @dfe@n Qyactoiiiparicaetiteic @rincipddsr For ataimply, a depth,
width, ané}or a é)ro??: & mfmwtx{ﬁ%fa%g HSledt g d.g&gtﬂgrgn)%an ﬁe%asﬁfgm%&ﬂﬂz@ed toa

dﬁﬁ are now descri bed
desired @qpélat/@ﬁh aeté/pxaﬂemed B i FerGeidiskict et "G resprg t%?%tnélﬁ?m light

in orderl&&tajllﬁhé)ﬂﬁ&@tﬂ.rﬁéﬁgldﬁs &Iaﬁk[g&@ﬂledxbje& iRhicalaysral 2 t ar get
Ig&ouldrhesa%?rrg?ag tlJfa? ané ﬁl%lta leo scaGtteroorrTgO sygtem I%ag%ﬁ Engﬁéygc{ 3 carry out the

present inhvetioya fFerthetniae, st sywhrncie qogtemplaer to tfaéi “bféméhe sgoge ﬁé‘reﬁlj“med
m%mxﬁubjected to the dual damascene/trench etch process.

The |i e

| ng éYStegHBQ\gg’éPc udgﬁ_ eﬂ]éli)t s?llﬁggg(g Olflgh su;ahlfzsq htt %%faréﬁ'tqgﬂ sgtﬁ‘ce?lSS
through@titia thk duapdagseerte noniceing sysem 139ayf h%l@hm‘m?we hay bPWé'Teﬂl}eg‘Ht
stabltherblﬁ)wQ&tet 8618 de AALQodaG 85 ldsdr %r Sthbr f1§h€ &uRl sulthe tw&ﬁﬁﬁng out

or. at selected regions surf ac
e s @G PR GO SR A 2T & 001 T S By
t e caRecdlighttagna kightte filbtrecdlgrdby i@ pntroller 1§<h ﬂhlb epniyedler 160 is
operatnf\%gg{n.&fé? %ttﬁedtreﬁl Rchtdp\%g SFM lﬂHYhe?elfo?Q e @EdcA6tn Jrfvﬁlgb}lsﬂaﬁ 170 is at

b conmtoils damasce 1% ntllt 13 the etch
least in payigrpauipicd Bptha prarglla o0t Hie “eﬁﬂh |efé‘& fravee sy g LB SoA TGN P{é‘%é
device S(I a2k tvalr nmetohyor nwysSiteadietth brogssctogpinenta hidsstan Isirtgq:q:altdmg . the
1nf0rmat1?n rf:éélve(f frc?nfl th‘e:: Qo%trglfgl 168 C’i"l%@o+t1'oﬂ@é6(5 4y Qe!téﬁgﬁe fﬂ@ Iar@ 5 B tROrench etch

nension re to the subject wafer
process s Gellps the mﬁtﬁg“feptﬁt%e@éthﬁ wpaveg Y€ 1pr i nci pl es. For
e)(@maing to die Qsﬁ&f &.the pﬂzhdﬂt 1hventadﬂdh@d’onta)ll|§1f 160 bdn@roodss thivdeasured depth
H,, to dlﬁgr%gnﬁ ?ﬁté%f?’ c-}/ eélﬁ% éng‘fr())r t 619% elsl ntrgh %r ?(#1 ré)(am%%{]thprﬁeasured depth
may be aralfanH tocbesddisigohtyeso Fich etOfCQ'ﬁ@a?“@fﬂl@é cloge 4 %e@qﬁ frerfcksetch process

paramefdrs 3@1}&1 ﬁ%nfﬂérﬁéﬂteﬁ gxpef ddt@minhe a kdﬁ&h&iﬁﬂ br dmﬂ[@fﬂﬁ Win b Match is found,

order to obtain the vario nmensi o ti to
e st bt PRSHPHETGH Py b i cenalind oGt uplPakfub 0
trench drthiadrivang yysGth 7@l achigye at dpprrprstendpoiny/fot thaquir§h trmyet@e’rocess The
enpl oyed to carry out the present invention.
Furthernore, such systens gpe contenplated to fal
within the scope of the clainmed invention. The system
100 al so includes a |ight source 180 which supplies
light to the target light sources 185 25 through or
via the dual damascene nonitoring system 150. The
i ght source 180 may be a frequency- stabilized | aser;
homever |t should be understood that any Iaser or

- s Y
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operatively coupled to the trench etch driving system
170. Therefore, the trench etch driving system 170 is

WwW@eo0480B9rast in part regul ated by the control PE€r/UIB03/021108
The trench etch driving system 170 sel ectively

controll& @60 B thndnii11 81 h of tg@s’éi (ﬁ’ @enti{ dich p‘l\&:eéé@llrbm@@s tb bhe treeR et driving

system lggr e o r}%g)g%%\t}r%gt ?easggﬁmggtgrlt VE &ce? the conisnﬁler HSO FSJ&echely
regulateg habireof e trdSh etchTﬂnfeeSS nglomalnts @i the@Bnch aiph diving sysiepd 79 nerder to

determikdla Qegﬁlﬁﬁ@onggmtt(ﬁ Bhe bil- &ﬂ%@uﬁh&ﬁsaeﬁg FP&ESS aS wel | as the

curr tate he 1 nsul at1 ng ¥ %
Hesdgicrbed gbave ths sentiglle £G0pmag incluin %?Césg%fﬁ?‘)t BRyRIn PG REooGS 0L OF
central ;ﬁ@ﬁisfn@ hﬂlﬁﬁlaﬂ.&Qnﬁ(ﬂ A plarabiy Gﬁliodehérs REch authe AMOEt the ABD Athlon™, the
AMD D%II‘O 1%5%1 {?11 I sxmlf%r an@/&%og rtd)l@ r%cegs[}%glgftsn tTth &5&0&1&%6@%&%@ may be

process. he measur ed
progranyygg totgenteobng ap@@e thevageug P@@m@ﬁn@ nvattna the §ystepg @hinopdgr ta grrry out the
various ﬁﬂngma;dégcgbmmgnncl ude a set of tr ench etch process

d : arret lﬁelr iGé) néayffl 159 bs l?noﬁ%rl!f}j{‘)’?)lﬁ cog?leg tQ’ mgrln%r lb%%ee nsiemo%l% serves to
store mibxmn«zh, suctt dygforsatmplsf programmetde excaited |bY e exngoljsalo fas catying ﬁ‘&f;PPefaUng

functlorp gf tﬂJ@Lté’rﬁ &b B Mes&ri%@i R B9 lwlaﬁ(gf i1h8htiad) ehe il MR YaBbIdpAtterns or

trench ertch drivi ng 170 t chi eve
st A RO LY BPSDRS T EAPEE GREHEBL L 0 oo s s
a storag tnedhes for tefib@arilPDstdNB: RO TBRET pPETERILSRODOSKEGRIAGR and/or layer
dlmenSISIgQ%C'élg. Jre%&he]cél%r&&yprggrép §aﬁﬂe£ tr@xlcll et pr&%gstproglfessttemﬁes %%pogént

ocess paraneters to the trenc
coordingfe ia\),lpsngafer%?ré?ﬁrfmes@é%gﬁﬁIsw&er&tﬁetrty ﬁtgorglatfop,éaﬁlilevteé I Erﬁmd/or layer
d1mens16ﬁs§clé51@ﬂ eaRsmdpan@NBihariSns akeelts othérhigta Gotrhay bk éngrloyd®@ facilitate the

perfOHH%ncegtctB %L[vaén‘%gryl ates the one or nore trench etch
onponents via the trench etch driving syst

1??1@ SYSF?mdl‘)@iérPO‘t’%ed byl @ PRTeRFURRLY &5t SPGHPAE PR b Y Bf‘“ytSFféable
power sQ[H)'l}g Qch g i@y AIOBBE fIWr, PEcOse S B caly obsthelgaer ilvedombove,
lge?err%)ognn%rg?o ljﬁgure 31 & Quaf@ ¥1ascen% m%gi%rig% *t&rﬁgﬁ&%gld énﬁf?(}mt determination

OCESSOT or rocessing unit,
system Higys shewmayyjchds snaﬂap fouhezystamyL08 Therdeal é@%aéeﬁge magieripE Al epgpgint
detenmﬁMQl $dtem ti et ANBRAA Ihél@fﬂZTMy alsh @cluAMBaled @ariiMetwarkd TR0 for
detectin? IS?IE ({J%{l(rsglg grg) sC v% %@13%680*31? gr rrngol;eo Ceio Seltcﬂ grolélerghnﬁ‘maaietlllg %o assomatefl with
the collgrted ligh datmand gmq@ted/ signaigiss Tbﬁ)%?f@mfsdewrmmﬁ the IFWéga%’yéltlsé‘ﬁ’?ntS to be

made to]tgg)nb B r&géjtﬁé'ncﬂ éi)ch(faﬁa&{sé/ a%feteis e by MaAtag e f)idzﬁ&fets@l) Qs they existed at

the tlmeotb%l}ggit c}a@ éqaygeée(sta%?ng agl[e%tede O%r togl)o# %@W?ﬁ) 1%9(3&9’&:(? in f}ébre 4,

S&yoaebe £ in Bigor ¢ therTNOY 398 miprcesig driputalgta fipi the éy@éﬁa‘g}a@ene monitoring
system HOQ%h%mf&gga%p%X@eﬁ&teﬁzq pg)fesg ﬁﬁnﬁ@ﬁ bl Qid}ogfhe éloﬁgspf)ﬂ'ing generated

carryil ng out O eratin unct.l
signto BEplSEel G WOy R H1 G PS REha geri o
insulatidgOat@iarp2hadhant fiaw ta@rof Serqreratugd G n@tseredy, o etdt tae P6. dEtteaNN@OO
processidThd ngﬂxaag ! Oaw/grds oggmgaﬁ;ﬁﬁzn dat@aLdhpRea EARPAS ﬁldludl;rme or more

serves as a storage ned %ﬁ—?& fenh
adjustmegifig é&ﬁb‘?tp fhy 083 5 PR dFerch étﬁltlf’f“éisé’ﬁa‘ﬁ‘?t‘ﬁ%%% §hﬁé§P t 8PS
transmitiEIAS UE eLltrRf 890 fanbl@ientatope Thelbntehllere 6GinpNGnsteche Igtng information
into 1nfctr)3rfngt90%a cg teh d? ang e%s 2 ag%tecﬁo% é/oﬁlnﬂgd% to thé’ egalrl:tcﬁtdﬁtln%srstem 170, as

CeESUProgr €s onponent  coordi nat e
describggif BlguraﬁdmnaPWe)r ln%fﬁ‘ﬁfé‘sthealﬁangs%‘)i By thenchg franspad i ey

output/dﬂbfa?ﬁé’@&'z@ﬁfor cﬁ)@:ﬁﬂolea«(rﬁﬁhumf er and/or |ayer dinensions,

d'gtte ed V\ﬂmfﬁgé}so%%ncté%? e\ét&mliamet]@r ar(huftm % tmépﬁet Ve\ﬁatlon Aford {ngt%ﬁown n
Figure f)e Thapis o DN 270 riaf ge mpg@emi tq Tperher 9t hsﬁmESeZOé yhadpmgrgpmade to

is powered by a power supply 195. Such power supply

195 may be any suitable 2Q@;power supply, such as a

battery and/or |ine power, necessary to carry out the

present invention. Referring nowto Figure 3, a dua

damascene nonitoring, optimzation and endpoi nt

determination system 105 is shown which is simlar to

the system 100. The dual damascene nonitoring and

endp0|nt detern1nat|on systen1100 descrlbed |n Fi gure

s o I e IR N NN N
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the tine the |ight data was detected and coll ected.
Qperation of the TNN 200 is illustrated in Figure 4.
wWQ@\2008amBIE seen in Figure 4, the TNN 200 rmay rBCEUS®03/021108
i nput data fromthe dual damascene nonitoring system
the one ok APretiefdh e@ﬁg oée%rpaﬁ?ﬁ&&p b® , ThtreRRGNHETNN 2@ 8B &Snput data (e.g., trench
oo el AR 2 S 0 0 O B R SE PR P B SR8 6 Bleoen 0o
TNN 200 owpuischd eirat@igtal ¢ogprespbndeng mtmartmdm@@mﬁﬁro Forg3ampjegle tipop {y the TNN
200 recegfes 1nféu@ a4l xéltaﬂmg% égﬁetre@t{dl s&hau%@sf A4 ﬁ:tpélﬂresptnldgl‘é/pfo@ésﬁpagfmeters 91, 92,93,

rature pressure 97, and etc NL\I
95 nd 9706 <o BB A i A GPRT G By deerins i
identity bﬂﬁdlﬁsﬂﬁtmgﬁﬂhteﬁﬁl afikbih@etenmd flow t4LI8 Seqaird dogbwandjadpBtnents which are
specific to ea(flrtd)aramg ?n%chrmatiorqﬁeﬁa%ngo %qieéésa p]gg?rﬂgnﬁ aIGQraH@r}ft%d toothé J@:ﬁtro‘ﬂ@lel 60 and

cess paraneters 9 |st|n?
then to t@@ttenﬁ@ychtdhweng sytom t7péq1i§ﬁtct1tee%tpltﬂ@entaﬁ@l é’@ﬁt% P‘tt’éfte Ty iy ipngfdata

assoc1atécfm][hf€l'f€%mlﬁﬁ & kate Eﬂﬁdl@@d@ ifabthd @EvickOAj BE¢nttwa NS bdbely trdemented

t.ion i nto nfor ti onal conmmands and
(e etct‘ar?éti “h‘g'f? 9?’?%@ lltdlcta'tﬁné B u%ward e u%mertqg the trench etch
drhie Wnnrgte@gr@t sgmallifdkatesie sofptigrfldwreld apdrplept e fysterp 105 and/or an

operatoAjmt tﬁJ d&&,‘ilt/ s? ay dlece Q(ﬁ o@fﬂg laﬁrdr B its bddRee (d S lelchglt fﬂ)@ﬂrat@ﬁ)'d‘hé 1em200
transm

may als%beé}r%faapneg {Pdtldlfﬁfle Ith8 ﬁxtenﬂ? t [ %Pﬁé%ncg et\c/:h Ic):rf)cess é)taramgerts 90 have
deviatedidnethd prpattadeleimenid). St exemple, |trmsb1etm rﬂpmatecm ting Fagposeaged ¢ times

from 1ts§p491\qgat hithe FI’Igtrgr ffie 'fll‘)IN 2681@; thé Fabﬁﬁ@s td PiDY1irQ thﬁﬁyatlbreof the trench etch

amed to remenber past |st|n%§§a%c? crnal adiustment
process ﬂPre%lthgchﬁﬁagoqeés parfllletwgdjg%%ym 6 etecting internal adjus
1mp1em£?ﬁﬁbd.k$%&03/ 021108 the one or nore trench etch process
%)ureis g&eagesde Qbed -I;tl@{aﬁ: f)quvﬁwuﬂ rfaspgét"f(‘) tk-lle-:NNal agpascfeﬁ&ﬁénYt%g and endpoint

., trenc process paraneters 902
determlthﬁtalt sygfere $00n Wer"é‘f it ghopld aﬁuné?ift%‘t%ﬁt PIGR Sy gy contemplates that the

system U584l Qllstsﬁey;mgemranded then the TNN 200 outputs an
a{ g:"ge%wqgllg Erec Br{eeals:%ﬁrg)g %hg]grstgrﬁ) lédlggsg?srshéw%u IF%[H‘E: 3 illustrates the

system t(@doemg/wlqynm mowjigt aadttﬂlétamSPtﬁlg PItO%?SSg‘é AP ‘é‘*&f”%‘fl@%*éet“ﬁl’re&h%dp‘”m
As shoxﬂﬂ fhe tvh¥e: 10O tttpeﬁsp@mttnarygr 105 ARRESrRAr1AyRimdErsoifls treBd, et Brocdss;

en e . o
e T L L T
undergd sghrprgoyss.oPn thhwmrfion ofthaw#irig 1ran e s aapligd et it cmount

dependlmg S}Whef Rbifd %h&aﬁ&hu |Tﬁ@etmm|’7¢c@(ﬂ>bﬁbﬁﬁs BRA EsSfoV\hdaﬁjSle dlife@tchant
ecific.to each

prov1def E ég@ Pa%if]“’t}%dtt?w’éeﬁt“ ét%gl{exzc eFléPfg%?Fs ER tlére anci/ En%léh%{trrerg et?cl?process, the

doal dath6Goma dntotibieidnol 50 ey barcampishede Thiale gt P@HCS)lgr,f‘t mwctsme or more

beams Jf %Eht 8bs o%tbttﬁe\{r%ulhﬁﬁg Ila?émrﬂs @(&J st@ace m&f‘e\/ Eer) tl&%’lf&ddﬂi@ht-fﬁ) is 8ddRted by
et cnan ow

the one iorf‘]la(i)re %%%ﬂt%ﬁrétl 87t aﬁg cBché?;]I bés J)g dg\a& ? Cﬁ%eﬁ?o%glg r?ls{em 1?0 accordlng to
scatteroﬁfeﬁpledhhiyjuds npl enented 10 (i.e., etchant flow rate 93

I & rd‘t?a%ﬁ sc!emaqho%%r nQ gyséﬂ 19'(5’5{}@1%5 ﬁgbﬁétémlﬁﬁt)andla;rﬂﬁated data and

generated error sign i ndi cates the E %t
seneraip BT tegwwft}@w&mf g b tﬁ&‘t’%{f pedspgmay
involvelch@paBhl teidoficlics pirayate vibe@lighOdita0b ddidnsines st ofalrdayet 15 (at the time
the 11gh§Tv%s é)mbeét(eg 2(% afld reﬁec 89&% fI.fOlTlglyx @tt Iel% Dﬂéﬁm L\%Yhezsqge of 'EEYayer 115

e exte whi ch one

includeggeterrpiniag tavee ﬁl@hnS@ptwclt?ﬁééﬁ%‘sOfﬁatlﬁﬁét“@t of adjgnofjflih of a via, and a
profile Sﬁt‘{e' 1§shﬁﬁlgflz{y9fml§ Rﬁelmﬁﬁﬁeﬁﬁﬂoﬁ@éﬂgtﬁeﬂ tHSTLRFE IS (0B Jelectbdportions of the layer
T e
into infdridiicA @0 ingsctiohed caompadsiit ¢ tomeasaltl@toﬁtacnemch plgl driving system (Figure 2).

optim zation of -the trench etch process by

prescribing trench etch prggess paraneter adjustnents

and further by detecting internal adjustnent

i npl enentation errors. Figures 5-8 are described in

detail below with respect to the dual danmascene

nonitoring and endpoi nt determ nation system 100.

However, it should be understood that the present

|nvent| on conten‘pl at es that the 20 system 105 may

o o o o a p— "
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25 undergo such a process. On the surface of the wafer
110, an etchant is applied in a manner and in anount
waelependiony on the desired application. The et cPCTHES1008021108
171 conponents such as, for exanple, the etchant
ProcessiRg VA RE bylifek ok S1eP@6 nbi AREEV OO QNG tiehi@adufe@ Bedoh tiitocessing
paramet rﬁt@%? . enc f 2 grecgags%{gr%%rﬁ%%%lp 0 %}éiergt)e/ S tterrr?urr]l% gp)r%]%]e;r; Qndgon% SRR current
trench eelpb@ysed. The target |ight source 185 projects one or
?&rﬁg fual &ﬁl?s@ﬁre Aonit o'ngé‘%st%{? P50 vRied 1 e pB YRt dorted:, a‘é‘aﬁﬁmel 15

surface of 2 Ref | ect ed E¥g i él S i et
measuregrérgt%@fl @Qfewlogsgeltlt%to 8ﬁ SUIER ﬁtﬁfﬁoé th’e Fn@LHa(tm%i (]: Sdaf fgn? %l%
process Hi0frbsed! Bvillyy fedl@ind ) hlect dammsnainao toentrdler 119 asi/ts the et Ech

- driving sdstce:nq ?d% eg2) %a%hta%g 2 }norg r%g&tdetxmﬁrgg o a (%‘E‘h et nﬁocgsg errd oint over

yzes the collected
Comwmbn@h@bﬂﬁdﬁ%ﬁOW%ﬁaﬁ%ﬁd@@b%ﬁand generates a signature

us. uﬁﬁ 6:’8@1&&@%%&@5&13&& @fbbd@s ﬂ&ﬁi&r;ngéﬁ.&hrylso Sen@fembhﬁad in a trench etch
ecte { an

e i e e N e R
incidentdight 407 ip dictetedat the rveafen 1 19t(Ert éayg*fl 19Dhé&he eaiyg }engl]_gld,(oaqeleptpfg)ortrons of
the Waf%cr h ﬁﬁna%%e hhB&rotel gﬁtme\ﬁ@%dﬁ’r{' KRid ﬁ)td@tgrrrgrg%le®ﬂﬁreﬁsaff tne GtRBletehlfocess

romthe |layer 115). S
and a gy o e SR ieBT R AP Y O By Er SRS d et
srmultar&Susanlﬂﬁfﬂﬁ taarof of Hgltt P@Srecinfixedinptetin orfler & dbrairiedse mepeyenipnisf Thy
momtor}ﬁ& @)ﬁteﬁqg%tﬂen ogﬁegfs Itﬂe%gIQfZld \bl?ch r&ﬁl‘:’tg & J)f@lg& WafY €10 (ﬁagurl’atrfl@lﬁyer 115). 1t

ngth.o | ayer 115 or Sﬁ b
Should 5 GPRFTHS (o0 FanFekpe of ent Yol 2 Qe PATRIE] GRATUY B beams
of reflectsddigiRimay B callee@d charhdy qut the prensivedtoed to the control |l er

11@9&5&@@1?@& tai((; a't % nQar QRE GR3 EQScerlteﬁlJ e 1'11?3319{21% % Qﬁptﬁlm proﬁle) of the

instructional g% I'n a formusab he tre
wafer 1 Hyjesh i [OFicHige: slwﬁlsrﬁlemcwrém@)g © e Sespp LR Y 110 may
also be f¥ed t/o U&&Q@B 10 20 8r deBEeQ@feﬁ]&ihg'tgat P& ot ciretedsdpi lddn éme (T,) during the
trench e?cg TOC ss rt erl'rgocr)e rcTcI>a in, S‘rl?e sltaEeVo? lh):[ ﬁi &gtnip % i gnagr ﬂ@ih&f‘e%&&ﬁrﬁr@ng an

BREH™ et'ch"processimg ~ par anmet nownh trench

en@ﬂﬂ@@tﬁﬁ@ﬁdﬁ%@@ﬂﬁﬁsparaneters in order to determne a

Pk @RE 78RR ch i@ hitdiBSsysrkth nﬂm bemtg EQpI6§ed &1 BdRitETecess 110, and
in particilﬁgla\geg Z’J[S P \glpallena &% gtcranﬁgcg%?ﬁé aﬂr gf 21 e lﬂl%é(glar& grg)\érg%g% J‘n@ other
trench egeh) drooﬁbS®m<apmtomsverdel10$§tﬂ@dnsvléﬂng krgrerd Ut apBlpiing &fehapte A fhe ffﬂ’éh etch

process |05}§p6l1§1ts|n{oge alcﬁ))s’secﬁe 1-’1llshﬁt1§g31a}tehﬁsttﬁeﬁfbﬁéh c®h &l3nitophOFRSS 150 continually

Pro ene
priec i TGS G EPeraaean v b by erre iR TR
determigeyteadppififei§ ge rrencR ¥iclf preredsi2i A tlepartgulan pséhmqr@eﬂs 2b3 progresses the trench

etch moqr?c;rﬁg 59st@1ﬂt15(ﬂp abq)éc to Bathek FeglqmeQEf&ﬁaan&e@i§§ tleﬁbd@@ﬂ Hétng Qolﬁ’fed and
conventi onal B%OI nt detection S Ste

controllﬁ?l)g{ﬁedetgat Brfogmfft]lop {:foépeérepcﬁlét firé‘ﬂl},gﬁ nd tre C éagg process components)
via the CoRMIOT6D (Rigusy23.t Bivs, HisOreindictly manphm:g;smbbm 150 éaCthra@ﬂ gdterminiph a trench
4 Peistdn TR REEPLR JithS BE RLERS 2 PG Ah stop 1
etch pr % ?ﬁ?&&%ﬁhﬂé£ﬁk @ g Sroogs§ endg (%E) I n %lgure gfpawxm
the insufaipg layeptlddent 1§ ght 205 is directed at the wafer 110
(Frgr@e 8 shb\asyt&r watde3) 0 folléveingsddinbletdn loEigt dacteandl/poress 213¢Eipweel7). As can
be seen,ntlge waferqgo now has ag?nsg\(?rgng éagg,rézﬁ)Sm Q’%}e/ a cprgl dﬁfiﬁzﬂkeﬁa@ Eﬁgnz?tﬂgem The trench

asured 1 n or ress
etch monjtaing ysiem ¢ 50 pryseRiEEe o gprEpieas ti?serwéﬁaberecaﬁ %b f%’é’&%ﬂ ot h et

process@ B QL the &B@ady Bﬁih@l @Bt%mldbtgjﬁﬁnea Q{apdmy be projected onto
t ane

| g e’ e eSS FAbd B PR Bl s navin
neuronyA20.902, EMe5sand TREcokSponding todhq itegtity yfsttweqﬁshirs QonERqE oD, identity of the

collects the |ight 210 which reflects off of the wafer

110 (insulating layer 115).43lt should be appreciated

that one or nore beans of incident |ight 205 nmay be

enpl oyed and one or nore beans of reflected |ight may

be collected to carry out the present invention.

Measurenents taken at To may be used to ascertain the

initial state (e.g., depth and profile) of the wafer

110 JUSt prlor to etchlng N@asurenents correspondlng

N a Y a1 Y A A I~
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In Figure 7, the trench etch nonitoring system 150 is
bei ng enpl oyed to nonitor the wafer 110, and in
w@aootiocehar | ayer 115, while a trench etch proP€rESR238021108
is in progress. The etchant provider 173 and other 25
insulatidgMBREL, LLANAHY AREFSsES) féﬂ@é}ﬁﬁkﬁ Sancf@c\heata @Jsﬁkﬁﬁvetyl’h@celved from sensors

insulating | ayer. 115 a
L
hidden lhygys@28 ddpvidel & thanetvotk 200,0thensip miytngmban gf kigdse kayar 165iEpns 230 may be
prov1dec? & Flll nﬂélnélﬁfal n&&/&}k %f&ttﬁ%mbﬂlsg% 0&915 ’laygrQle) ﬁ‘a@fr@ E)lhﬁhty of output

ect ed %_ anal yzes the collecte gﬁ 241
neurons gaftespopginEdp aré et?raune%%“élf* siitYpaoctsn Paémﬁ?bflﬁ?‘ﬁ@fm‘t i ei ¥ s 241
Thus, fo2 bARPIPIRGEHE: 18E40 hiy @aipiile Oub@a nsuras 242024 ¥16,048 8nd253
correspcpngllng{o%lgss V%Peﬁtohle 2, 3r n'&% rﬁsg&ttl%}y qrgé}ébty%e nggal‘iél@grﬁ %011%9 ohtﬁut an

ormation rel ati ngj
adjustmprg izing Ha |1rnigatp/@ fof @PF@WYM“QW“G@W? PRSIoT AP &reqc%%t Rr?fﬁsls parameters
90 as wllts @ thetkis@kte BRI ekt @f ddnStnlefit@fgldneRiaGdh eflbrs it tRGn@jiG1ng Bstem (e.g.,

trench etch process conponents) via the
W“ﬂnggﬂYW%WW F“ﬁ%ﬁmf$£gure 2). Thus, the trench etch

o tistregeidnie wybtretpel 5O chrfigithtion af thanegronsdp e Wrdeg lagersy B &y be
detenm@etdgaoﬂafng %Qﬁ§grﬁﬂqmés%ow it he bofof @ﬁﬁlﬁﬁﬁn@ﬁeﬁfél SebviksARM instance, the’

contr ol OUt or a trench
number |o‘filgpérronsl nhthe tnﬁlg a c{:'] ilye]ﬁ é?ﬁ egg% rngctlvic}}v maP( Feaﬁds accopdtn}% to the
numberwidteibute 1. frodsduoaifiog, aabmpd, etcd espcipfed tNhletht #velpo A 0% arglfihe number of
parametglr 8a‘§g%§2°41 Zﬂn%d&g'dn%g ﬁlm%lr of ﬁ?eré: A8 nuniber & @or&%ﬁéﬁt netnlaﬁs Mo he types

ow has an Insulating |ayer 215 with dual
of conn%f&ﬂlﬁé@@ﬁé@%ﬁlé T AP ED f WOrRE oPRpfLIS ‘é‘f‘%fha RBhiTe BFTRY"
which n8yt6its @1 thelie Ovorea00 e0dited iffnd atdprajperoates, aswelies ge mhned:tlatﬁe‘mths
between rgeurto&%la? ﬁgpelte%ulnmc&tm &a él{}e(?llaﬁmca%tnp@ g., RERE ae%smc%;ltghn% System) or
e accuracy o e system detérm ned endpoi nt.
accordifgep %ﬁﬂ%@nﬁ@\ﬁdﬁfﬁl"ﬁ gur e 9 t he exenpl ary neur al

n.@&chhﬁihkly Mnx@ﬁfbﬁ Ednfe@Hla@finduapistwolia Yieing 28y Hawtiigl structures

1nc1ud1r{gh 1ose 1 ustr:rtl%ed? vhth r?spe%chto %h% ’exe}%lréén‘y n@tqrgrk%g@of%%r b, ec1§ ang loﬁlgs ﬁoct)

nt’ conposi ti on, ty
llustratedh ch 3 VUBR 00U BOM BT SSDBST GRIELEHS o t’il?sfﬁ'iwaf‘ﬁ %may

compns‘g@ﬁll@ E&mﬂécted SR mfel:téﬁl\/feécﬂfoﬁyard;) biQIEEdtibe], rdc@fgae irdtobfreenter or off

ect |l C
surroung gjlteécgmectlﬁnsd téI\%: %xeelélglgrﬁ o?uréf ﬁ@t%dr& Ed?) g(%r% grf &ggpnrpﬁglgéhs‘aggo?dmgqg a
variety pigephigues. figludigsus mt 1iBiged toprek mpaaaﬁ% upsHpeEYiTeR ipraipg aps}reinforcement

learmné'] Widentnt EM%E@ maZ p@{rfcﬁm&f CﬁMlhgﬁld/Of 5i ﬁﬂaeFﬁeﬁsWekwlﬁQQransmons
wher ei n an r_neurons, 23

betweerb?lzg@eﬁ ga aonP n‘gﬁfﬁ;ﬁ%es}]@m@% clars] c\%ﬁro&esi}aféan*eters aﬁa SH&Y it pneay be
difficulCto N uhSEEsvign le@mmpfpt the pyrpase G4Gustraant- pfg)lgn@p}agﬂngrrpqdyte@pn, in which
case su %Q&'fearﬁnglﬁw HRPRAHO, Wpﬁﬁkﬁdd%ta%éausﬂ%r e@dpﬂ@tb@kﬁﬂoﬁ@dnon In this

regard, fr;fglggcrf ggté’%fkflfg r?lgy%%l% e%]{l gf o~ ogﬁcf% t;algg%hdlfwtg Q?v\érl?ng many trefnch
etch praddd pAimietet Qagped (8.8, Gudriies arﬂepﬁr@lnscozdﬁﬁons e m@tft@mg 23458m
Further%lgrg tl?qunm %%f &Fée'&%ﬁ%dd%a& e &Lcﬁﬁﬁsh&ﬁlcé@ﬁngow ar;ly’a 1%0 ridte r@MEs laws

ive e t he neural netwo g/
or rlesgiyesie: Do 1%}%&%‘?1%@% oty Lov Do APl e glﬁafmn Law, and/or
the like| i@ R6 @by wiltthhd i ésee tiventibilo t he one or nore trench etch

pﬁiol?re 111|$ g %ryfai% %#glmg%gattéﬁm%n%steﬁ%OB Qollgcgﬁg %ﬁéc‘?&h ﬂ%}ﬁ eLiQQ grom a

ation errors In

lser 3iriauet |tmfg<>1§ yre e @Own magerds gttt 310 ik LRPIGHFERS § Yater

315, is bl§ce@§§l@%’atﬁ'bf3tﬂe behiil 31d’Hn& a piR@afeGotorlohghodUiilPlicr 32y Fany saifutile known
uration o Ur 0

constru?:?g e;bt éietecéoé tméatrhcﬁc]t; r11mea e eéxg)goly 0& to detetrmmer:] h’lg Qc‘%{‘eréd}}é%( '?c% obtain a
grating lpitahwihe phito dbtectca ot phpig mubtiptica B0 redy bﬂgow@d PRR r@?@?Wk%” Of—@b’
i nstance, the' nunber of neurons in the input and
out put | ayers 218 and 240, jyespectively, may be
sel ected according to the nunber of attributes (e.g
pressures, flow, etch rate, etc.) associated with the
system 105, and the nunber of 15 paraneter cl asses
241. In addition, the nunmber of |ayers, the nunber of
conmponent neurons thereof, the types of connections
anong neurons for different |layers as well as anong
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including those illustrated with respect to the
exenpl ary network 200 of Fig. 9, as well as others not

WO kdoysidat ed, such as resonance structures. | nPCT/US2003/021108
addition, the inter-layer connections of the network

suitable Bf3@n H@}én ﬁﬁﬁﬂi’d)’ bo%@olfetﬂ?:b)bf Qx@@iﬁﬁﬁl& Ribwn ﬂék[gﬁﬂ adylby used to process

R R T
diffracti@ngeanipg pitches heiug @lculafesdt: \%uskh@t)eﬂecw@freewe sampkpeRy> Bev *Ielﬂ%in‘ﬁ@b
measre@CCOrding to a 25 variet y of t echn| ques, including but
not limted to back E ation, supelrwseq%ch dent ligh
SEHPIMHE, 5 BiFeITe (BT RaRbms SPRH s QTHiFh pjgeident light
has beenl dadtddi BEhttErBuyiettyEs mﬁﬁmgym rebues this p@mamgldf@sanglefto Ity saateridgefiects.
Scatteromarr?rtls aseed onYﬁg? &gna{# ?&Sdf {he %@E’rﬁ é)p)?ﬁevi‘%ﬁﬂ s%l)tﬁ:ﬁ%ﬁﬁacﬁ&?responses

I NUOUS an erenc tween C asses of 6tpr ocess
Informafiaopnverniog Broperties iSFIpdie but pqt lipkigd th deptividfh, erapiqn, Rrpfilg Sepkness of

dual dan%b%hlanﬁ&ﬂﬁg@&@hchee akdkif@] diénsibROr RatiPOS&erdbn Meljufsden®ite extracted.

The 1nfo§ra%181} wg%%}trlﬁcgg E{:(]{]ng)rarug hetgﬁase anra/' T 1n[‘<l,ns\cl¥‘3;' oﬁtﬁe lgﬁffﬂcl%rgcted onto the surface
with phaagiand/iat iatgesy ggryls gfﬁﬁomylemﬂqgteg) p@@a@ﬁ{aptg}ﬂlghq 1psutigg Fomghe incident

light reffe&ﬁ?frgm atdidd Hi@f‘ra@lgngkfrngh fhe ﬁjriﬁ&%b(ﬁd @ﬁchﬁfﬁa}inchlﬁntqi@lﬂ &afdire@ed. The

lnten51t§t @g(ﬁréls.}:l phase ﬁg%eigeétgg %nd%:és %ﬁ%f%}gﬂtd‘% Ft%g%{a (18651 911 propeXles of the surface
upon wlﬁc&\ﬂeﬂﬂghtumljactah Suadpepeati¢sirgludo bd iate inorignited to,tthperemilﬁs[ ip e pqr]fgce the

planantys M%ﬁe%@face AR thsruﬁace,thﬁs R 'smﬂfa@fg afdfthel 38 Sﬁﬁ)m{gkm 2{3Qurface.
be acconpl i shed accordin

In e DRl Y RHg™ g ens By ol BB thfcf?%?d *h a‘%bg Bt b prprgned o
it relatedie Briical dRutheqgns Hapddi o lid vdaﬂw;eln@eﬂcmea_ Rul e, Kohonen' S
Lﬁﬁ&‘g}lt chnbk‘n%ns 91”1‘?6/ a95ve ehtﬁ)néd' Jﬁ%&rtﬂasﬂmﬁlﬁﬁg fh@f@t@& %ffé@‘cst)mthe ﬂﬁse

present 1 nvention. [l ustrates ouzes in the complex
and/or le%ﬁmf &nglelailshéfeaﬁ%ww %BQWIB‘@)B ISryebse ﬁﬁ“a ares 1 P
reflected @floeGtrREd 1ighth tThus| By@hdmiditgorsigaal (digusiede oB30dbed valudribtaglet t 0
1nten31t3:&91ase ﬁ;ﬁPar‘gur%n% de e}'lrmga%gn cean :5@8&’%!‘9 (%;gé?ﬂ%’ thé gffogeﬁi'em tﬁé%‘@rmeﬁ :!"chl]l

as a aced 1 n_the
substantisfly et plssefin@IsY siEatEes FRBPSCdY dgit elegd fiomgpor refracted by

dlfferenmﬂfﬁcbmub &f 1eé%21Q paf, toaﬁb)eoﬁapleﬁla&k 6f HKIROIA of B RBhdelwalbiwbiah the light is
dlrectedgg‘[)e CFOW'P ﬁ)ém? ?reﬁa gag géc’ COrI{’l?XteC&% eg'%plhlg%tﬁgm&eq of refractlon (n) of

FEHSERT
the surfagp arclhap e};thgmp h@fﬁgleg{ék)e @p@quclmomplﬁ@lo@ ofi{bg qo]nblp)f @q?ex 3@@1&}%@1 can be
describdd®y H® €f: on a rotation stage 325 of any 14 WO
DT 013607 PCT/ US2003/021108 . sui tabl e known desi gn.
A m crioTGoRt PO EF BB AR suitabl e known design,
ey sip@tunslithry @n by @owssed frhat dbesrod infepsinlpbasessignptpie AefPrriggnatures

generatéaq)? n{d@ethné Jinmsﬁrﬁgtlctn By %Q&f'ﬂﬁl@trajn&p %én@ﬁ;&)s@fto giidifiRiRRAlight of known
fracted orders | eadi ng frac

sS4 BEIPRY GAE AL ERF TG EeRFETR T G BB TP
Similarlly héhes exppde @ to3ﬂeﬁ“1rsnrmy1dd$)1ehghc¢f knetnghtgnsityreaslgnatigand Shase, a second feature
ona waé? %ﬁx %8&8{2‘%%&% d p%as@hrlte%gig ngﬁhHEe ff‘gf ex%lé @@rtzﬂcﬁ] Bfa ﬁrst depth may

mat 1 on ou a surf aceuonvvhlchanlnm C&
p— Gpirienaiys VBl rroReh PR Gepls oy B 6 FFoNsieB et AT Gy
signaturbd\@h be @hﬁﬁl&ﬁwﬂlhmuwrﬁﬁirﬁdﬁelef sighatB@p feemtle sighaure library. Simulation

and moge%rg%ctag % gc{ &5 Pg'l{c%mg%t%te% a%raﬁm{ ?miﬁa%ur (ﬁﬁlgsg/u{?&llsﬁygﬁnatures can

romits optic al
be matchédf fry ane pﬁe@glm@w@ ﬁgtéespreseqt ﬁxf\/@}n%@qm@]ﬁtm@dﬁ@é}lﬂ}glawbobse?ved signatures

are storél 199ﬁ£ﬁatu@31bfawhi§ihlﬁgovehh%e Hi@dred th(’ﬁisatn@ ghatsdﬁnteld;ﬁpilihatures Thus,
when t118 B‘@ﬁﬁvlﬁtﬁgsitif ?1%%1@ ﬁ:g ecgﬁeél fro%;nl sct'allﬂ%rg eQr i %c S% comgoneth ?l{lgtﬁa%?ﬂgnsny

present on the surface can be extracted. 10 The

i nformati on can be extracted by conparing the phase
and/or intensity of the light directed onto the
surface wth phase and/or intensity signals of a
conplex reflected and/or diffracted |light resulting
fromthe incident light reflecting from and/or

di ffracting through the surface upon which the
incident light was directed. The intensity and/or the
phase of the reflected and/or dlffracted Ilght wll

o . Y a1 Y
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and/or intensity of the incident light resulting in
substantially unique intensity/phase signatures in the

waeeovploedeo7 20 refl ected and/ or diffracted |i ghtPCTosp3/021108
by exam ning a signal (signature or stored val ue)

signals dat lgbr]ﬁfte)‘n lﬁitcﬂedﬂ 8 @ﬁdn‘tp)éj D 13 58ar§ b ekl foRiSternBneChRik ¢ e RighdlsO N

‘@ﬁ ga e _concerning the properties of the surface.
corresp @ﬁ5w§ B&PARti al |y uni que phase/intensity signatures

atfltboygh the invendiomlas bieg kHown gilldesciited witlh typnectital asrtair erpfprzpd emppdiment

or embol® ){wntfj btd o%(u@&%ha%éﬁmvﬁgx@ St afitmddBRsHond WAl B&KL to othé?s thl@d in the
ex I ndex of refraction of the surface o

at pon g Y PSR R AP R 0D QR B g o arboe tgard to

the varidu€fuh@ihs peffor(by byamb&me deattpditcagoleyts @xmblivs, Hgvidel eirduitclex.), the
ol ” I sre i n

terms (mc{ud]an ana/ re%cgrfnc? [(o) %&g ) 851?(1 {?*&%a%é s&c@l%&nﬁ)ﬂ ]g an ﬁ?ﬁiécﬂg Ednggbo d,

tion o
unless ofpsR ingfatede oo pheCAich eerfoa@éherswgad Blyctloh ef t%e(fﬁ%ffl?eén

compon®it &.eNthat i ﬂﬁmctﬁM&ﬂf @mivalén‘@ &b thé@E hdl &flﬁétufhllﬁbﬁfvalelif kvahe disclosed
structur? ‘ﬁl?vg‘ﬁ)g]i ?rgl}lf EIF] g g&lox mctl%a rein ﬂﬁlgtpa‘? g/re)lile%l:p? ary emb?&n menps oF glgentlon In

ures and/ or *si
mmUm@embmamamhb?mm@d@h¢mgmGWGMShﬂ@bﬁmﬂ@%%ﬂBVﬂMH?“%WOmmeOf

several énllblo&iﬁt:r[t@gdcf? ﬁeamﬁé"?rﬁ? b@ééﬁ@iﬁe%dm&&n@orfrﬂof&ﬁhef i@ﬁﬁrgﬁﬁ the bth@ht
of known i ntensit g@ th an %a%mla first
embod i LS Y G atiaghong SR P 187 8 Y PP

phase/intensity signature. Simlarly, when exposed to

the first inci dequlUggﬂALogPﬂﬂi@mlmﬁyensi ty,
wavel engt h and phase, a second featu

g Ersnigngntion escﬁ%fraﬂ}ﬁ ey ip e diFid ot S;?mgCPI&H%%?ﬁRFOéeSS% Pn% in paftibular in
the fabried@ AP entraBprode@ing niBf nomvdlatitesthencheyp brid vatiops othpe srari@bductar devices.
first signature while a trench of a second depth may
generate a second signature. Observed signatures can
be conbined with sinulated and nodel ed signatures to
formthe signature library. Sinulation 35 and nodeling
can be enployed to produce signatures agai nst which
nmeasur ed phase/intensity signatures can be matched.
I n one exenpl ary aspect of the present invention,
si mul ati on, nodeling and observed signatures are
stored in a signature library containing over three
hundred thousand phase/intensity signatures. Thus,
when the phase/intensity signals are received from
scatteronetry detecting conponents, the
phase/intensity 15 WO 2004/ 013907 PCT/ US2003/ 021108
signals can be pattern matched, for exanple, to the
library of signals to determ ne whether the signals
correspond to a stored signature. Although the
i nventi on has been shown and described with respect to
a certain preferred enbodi nent or enbodinents, it is
obvi ous that equivalent alterations and nodifications
will occur to others skilled in the 5 art upon the
readi ng and understandi ng of this specification and
the annexed drawings. In particular regard to the
various functions perforned by the above descri bed
conmponents (assenblies, devices, circuits, etc.), the
ternms (including any reference to a "neans") used to
descri be such conponents are intended to correspond,
unl ess otherw se indicated, to any conponent which
perforns the specified function of the described
conmponent (i.e., that is functionally equivalent),
even though not structurally equivalent to the
di scl osed 10 structure which perforns the function in
the herein illustrated exefgpl ary enbodi ments of the
invention. In addition, while a particular feature of
the invention may have been disclosed with respect to
only one of several enbodinents, such feature may be
conbi ned with one or nore other features of the other
enbodi nents as may be desired and advant ageous for any
gi ven or partlcular appllcatlon 15 INDUSTRIAL

APFSrst 1| Z~<~NAPrss 1 — oy g o ] -
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WO 2004/ 013907 PCT/ US2003/ 021108 CLAIMS What is
clained is: 1. A nethod of dual danascene processing,
W@ poi®INg: providing a sem conduct or subst r aPE€T/Wb1003/021108

an insulation structure on an upper surface thereof,
5 the insulation structugeagmsi sting essentially of a
SI%$|6 Ia er of a dielectric material; formng a

isPp FV Bf via openings in the i nsul ati on structure,
v!rher ei Ameth@ind guabdamedcene p@p@mgﬂgz.mpam@ positioned in a

subst ﬂJP(;vllcfi‘llg a erﬁltzcrnéﬂcg)pgubgula@%wth i M HGNGUSEL ¥ an @b})er surface thereof,
form lurality of trenches in the insulation

the msulgtqna@rwegon%%ewferteﬁ&ff ASBER IV G LEHIEPEI G t he
s ubst aBdniim o pyurdityr o@ivig bieningsie the fns@atign Stupuef wheie groups of via
eni n ing the formation of
qmmM§ eﬁmh%mumamm&mna%ggg%ﬁgéetry system by generating a
S|gnaﬁwméw@§§%C|ated with form ng the trenches,

comp ar(ﬁ) @&nﬁn@@ pﬁllrag@ at ti:b'h@lei i tt@ isligakitticrel dabi thyh postioned along
erm nating formng the

n
the S“bs{artéaﬁ& ht@ég%t/\]ir?e ﬁfeaag“al&ﬁpa FLWCTIEETER depth is attained: and
filling mhetomrrgelmfhesuoanﬂtrmlas GPE A sgatRsongiry pystgm by generating a

s1gnatur9 ng&ﬁgeﬁ WYt foiRin he treml,l@s %cml;[ahﬁ‘g tH@Jléthdrle a s@énﬁhrmﬂ;rary to determine

wher ei n genera t he signat ure  ass t.e

vench Ol RIS PR OR S b Pt B PRRTPRY S Beaof

i nci deftiting thegtiehchad and heopermsgslvattua@vndeqtlwmtt@r e, collecting

light reflected from the insulation structure, and

transformng the reflected |ig into the, srﬁna%ure%h

2 3. Heached ehinok vheren ﬁ%ﬂiraﬂfwﬁ‘&rserarﬁmt frePcBed gt \grune the
trenchex®HPEseadiRctingh biamfobinciienglightye the inswigioe gructeorcoksieright r¢flocted from
the insuﬁao sltrgcl{tl.rél ! cﬂﬁa%famﬁg {’Le perﬂggtédl Iﬁh@l‘?tg' R ngrliafﬁga with an upper

surrace 6 Insdlation structure as it appears

before, during and after formng the trenches. 4. The

net hodTiRfmetb@bilaln 1, WaGER A siginaaloyistEwisistimticorpaes
corresp(%nlrase to é.ﬁg‘ggﬁal{'l Fﬁeepthggd ﬁ%%ﬁe Qo%t %([i §/lt %ﬁ}pgér Qﬁ%gﬁ’){)\fl‘\ﬁlg lrng'?%%lgﬂamua%e as it
appearscbbfe@eﬂmnméaﬁeeéﬁb‘a@ke ‘t:f@ﬁte? oI syst em for term nating

the formation of the trenches according to the

d ter ne ed. tre i.ses feedin |nf
hés L t
|5t cnfepod Ffe £ SR SOMRIPEfer) EF 80! BHALIR e
mﬂmywdﬁ@nmkugyéﬂqﬂrto a trench et ch controIIer mhereln
the trench etch 30 controller is connected to a

the 1 of bt BRontitt fSirng cofs o k& Sil & B llnaing e
formatiguhe the itranchds @cconifn toghegleetnriyed sigrch denthf agmprisey fqu@gpﬁqr@gnop ﬁeéated to

trench (ﬁf)tg DAt lcRsc q)oo feerﬁ)lachér{tﬂéf s?st!nh Rraafe¥che@n S8LQEWwRGeik heR&Hh etch
profile, and termnates

controllalégcqméedte@ Poé‘ﬁréﬂedﬂeﬁfl nptgork t%{ag][‘tf‘tg eﬁggaugégfnhfr}oer%ﬁtgn ﬁg?eﬁlChgs
of claim1, wherein an anal ysis system conpares the

S& gnat Jflllzegnetttf(?)d 8t ﬁa!mg E %&Eﬁ the séaggrgrﬁéfrfsﬁtegr%r@kmoﬁﬁar&rﬂ%@fgﬁature toa

Vi a
s1gnatu®e$mmgzmue«zwdamf@e a@ﬁemrré%faemeftheefearhﬁ% vihen fsireditigach profile
is attairkd1e di el ectric material conprises one selected from

the group consisting of silicon dioxide, silicon

nitride, silicon oxynitride, fluorine doped silicon

gl-ass, Thq@@hoéef Ppjen breghpreigjan pr@lgp@system compares the signature to a signature

library taqrat@fnhe%etb%@gﬂrﬁ@myépmrt hosilicate, phosphosilicate
gl ass, borophosphosilicate gl ass,

17
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pol yi m des, fluorinated polyim des, polysilsequi oxane,
benzocycl obut ene, poly(arylene ester), parylene F, 5

w@20iloerre’ N and anor phous pol ytetrafl uor oet hyl BETEUSE®03/621108
met hod of form ng a dual damascene opening in a

gem ¢ qrﬁg HEhlor SMBSL ke th@(ﬁeﬂ&fric %ia{éﬁal lconﬁilﬁb’d b selgctad from the

sem conguct or . supstr at. ulatr,on,stru
o
tetracthyloDth@silisité, bgrogeenttiacthylgrthodilicate, phosghosilifatealass, lesfrophosphosilicate glass,
polymn&g %hc?rﬁlgt% lgol)mﬁhe% rﬂogls secfu%xing rb@ﬁz@@cl@ﬁute'n@ @&?(a@ﬁﬁ‘e e, parylene F,

lon structure;
parylen, Wlaﬁlafﬁ@b‘ﬂgqlwﬁeﬂ‘fm?@ﬂ?ﬁeng a trench i n the i nsul ati on
structure, the trench positioned above the via
peni Lhe, ¥ LSRR
onst |‘A? mf%”%&%ﬁ‘“”%f‘ T darg%gesnggp% %Egﬁ%ﬁﬁﬁ) ‘and S|tr|at)e comprising:
moni t ardvidpshemrtondpetohebiiieie éth ani8TuREOA &R TP SPPé’E Jugface thereof,

the insulaiYohls@uPRYconsishmy cdieht@f} bfAGingle E@@m Odicldchcindendl; | 1 ght at
the insulation structure col |

ht reflected
fr om tIABIEALERAS P ES‘ﬁo%ef"tn%’tﬂ?fr“ésulattlofl ﬁérr]uscgjor‘ rrnlg ng the
ref | ecinadtadebglyt i nto a signature associated with

f or m ng f(grlﬁfﬁ b ERER the 1 SRERA sk el Jﬁ@tr&bt%ﬁﬁ&fe&faﬂo% tBe via opening,
I gnature Ilbrar to deternmine trench depth, and

both thet"@r"ﬁ?“l‘f‘étaf“h@e tFe&?hrﬁoPFé‘t“{“Wethet PR EREEHE 4 &Y red trench
dept h (iipmaiitorinig fi@ding 2O trd@h ushgrmtakierdmayfy sfstyrriyng a dual
damas C[ﬁ% ?L ﬁela{rgltoﬁ Eugdenﬁ%paﬁ {h§ lnggatlopgh‘a&hrg Ing a

sem con or substrate wth an insulation structure
on an pgstre lighireliseted framptheigsulation B syl atj on structure
consi S&énﬁ&nﬂ@ﬂemﬂeaéd 1ghiGiito 8sigiatnglagsodiagierith Ghrméng the trench,

di el eCt ! Ipa(l:rmgﬁnﬁ gna%re’t E%J&F&Qm&rﬂ& Hgte@ljmlné Yenlf dei{t*n Snd

openlngs I'n i’nsuf on structure, wherein groups
of vi atempBtiggfarmingdy tgred Hesd deritsthgpch ¢ph isetipatdant i al | y
straight line; simultaneously (i) formng a plurality

trepches t he at | [Ug] using a trench
{ch cont ?‘%q(if?omng %g%aﬁé’a Fenc tm%{élgl t%lgﬁsglé al ong the

subst aprtviditg a}perglpqnépcgfh pubptraﬁaem@fan as@n@tﬂguqﬁge (O} ap upper surface thereof,
the insuBRE N BGSe cARGing dsbehtidlp BF 4 @gleMGertoh @ ditlevirithiatetial; Of

trenches usi catterone stem
30" o giretth 9 SuB A A R o TR T eh g i PRRRAN R A
openings apasitiong! it hwbsrngasstaight ling; a signature library to

det er ni;AQndoti®NCh depth, and if t he deterrri ne trench
depth Is not within_an ac ran

ce
trenc h(l)ofglﬁfll]g,g pluralllp(ﬁf Fﬂl&l&ef Hlélp 111§glatlwﬂ1 étrr,]uc a trencl% é:f‘c% cr)ntroller,

atre n&lsl mglglfﬁlhng t@f@rﬁﬁ&ﬁl of QMQ%& a sz%ﬁerbtflet& l@ﬁteﬁ‘ﬁ{y %&Hﬂaﬂ@ a

trench de I's wthin an acce | e ran i §({ .
signatuge pgsprigiedcre farging tp AEChacP PRy s R e

trench depthta@d m nate form ng the trenches; and filling the

trenc h& ‘?he %Qermme Gerh §é§'chr191§>t thhlhan%cc%ﬁMgE Yfie SR knch dela&s

instructing the trench etch controller to continue forming the trenches and optionally adjust a trench etch
process component;

if the determine trench depth is within an acceptable range of desired trench depths,
instructing the trench etch controller to terminate forming the trenches; and

filling the trenches and via openings with a conductive metal.
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