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35 In another standard dual damascene process, a first mask is formed over the insulating structire with
the image pattern of the via openings and the pattern is anisotropically etched in the insulating structure (via
etch). After removal of the patterned resist material, a second mask is formed over the insulating structure

with the image pattern of the conductive lines in alignment with the via openings and the pattern of the
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35  upper surface thereof, the insulation structure containing a single layer of a dielectric material; forming at least
one via opening in the insulation structure; and simultaneously (i) forming a trench in the insulation structure,
the trench positioned above the via opening, both the via opening and the trench constituting the dual
damascene opening, and (ii) momitoring forming the trench using a scatterometry system by: directing a beam

of incident light at the insulation structure, collecting light reflected from the insulation structure, transforming
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of the qu,%&gpt 20 invention. Figure 3 illustrates a schematic bl ock
di agram of a _system i ncluding a neural network accor d%ﬁgl?e tg one aspect of
the present FRTehilpdates asphympr bipck ?‘?%Pé‘%qféfyé@mé“f’ﬁgﬁﬁt-"loé L BEHEETC di agram
of 20 neinvationnet work enpl oyed in the systemof Figure 3 according to one
aspe_ct of thﬁiglgé ?ﬁlﬁ&teé VR B bk 81%:&5‘1 & gg)@tegl inlchubi éﬂe@x&ﬁéﬁv@rk%&hﬁﬂ@td C,
partial bloc Iagram of a system enployed in a dual damascene process
accor di A% 2Pe°t Br{ee RISHEEYenEet t he present invention. Figure 6 illustrates a
Cr 0SS- Sect i ORigire dilagi@sa ofh-levelvalfempticdigengdi roralaetudlemployed Sdlenrstepydcess
accordi g mggacg{}giagt%ggecats ot D& %ﬁt%@ﬁ& dinvention. Figure 7 illustrates a
agram of  a

Cross-secti ona [ vvg er undergoi ng a dual g)L%zgtrna%cl%ne és)rgcess 30
accé? di ng t oFigneS Jiieis 2 shemplifepasiableck fliagrah efASYSHA RO B PHETT ates a
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according t OF@&§6 ﬁﬁ&%&g a Qgss—geb&nﬂrdﬁgrgﬂ Bf ef NANG ‘Hdbrg&ng a dual damascene process

according to one aspect of the present invention.

Figure 7 illustrates a cross-sectional diagram of a wafer undergoing a dual damascene process
30  according to one aspect of the present invention.
Figure 8 illustrates a cross-sectional diagram of a wafer undergoing a dual damascene process
according to one aspect of the present invention.
Figure 9 illustrates a schematic diagram of an explemplary neural network according to one aspect of
the present invention.
35 Figure 10 illustrates a schematic diagram of an exemplary scatterometry system according to one
aspect of the present invention.
Figure 11 illustrates a prior art dual damascene process.
Figure 12 illustrates a prior art dual damascene process.

Figures 13-16 illustrate a dual damascene process according to one aspect of the present invention.
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Figure 9 illustrates a schematic diagram of an expl enplary neural network
according to one aspect of the present invention. 35 Figure 20 JANI08t r at es
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include silicon based. dié€l ec ica nd mat eri a
Sili conmﬁﬁfg‘béﬂtﬁ?‘b‘?a?éfhre}e@mfﬂ?@fﬂf' ’&flg‘g Sﬁ‘&?nglﬁ’éldg'l ’thfoélcﬁlﬁﬂ di |a%dx‘°’|% noxy ‘%%con nitride
and si | Bitiers oxlyRifiering doped Siidon gat EEG), wdetdiertiosiliae (FROYoped si I | con gl ass
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(BP hosphosi'| | cate ass , borophosph05| icate glass 25
( BPS63) , E@fﬁg thﬁg‘F”E‘E?Heé%?@‘@?ﬁ?n on glass. Low k polyner materials include
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and 38" O gﬁﬁhlarﬁals, Black Diamond™ from Applied Materials; ALCAP-S from Asahi Chemical; SiLK® and

Cyclotene® BCB from Dow Chemical; Teflon® polytetrafluoroethylene from DuPont; XLK and 3MS from
Dow Corning; HSG RZ25 from Hitachi Chemical; HOSP™ and Nanoglass™ from Honeywell Electronic
Materials; LKD from JSR Microelectronics; CORAL™ and AF4 from Novellus; mesoporous silica from
Battelle PNNL; and Velox™ PAE-2 from Schumacher.

35 In one embodiment, the thickness of the insulating structure 502 is about 2,000 A (angstrom) or more
and about 30,000 A or less. In another embodiment, the thickness of the insulating structure 502 is about
50,000 A or more and about 20,000 A or less.

A patterned resist 504 is formed over the upper surface of the insulating structure 502. The patterned

resist 504 has an opening 506 corresponding to the subsequent opening of a via, exposing a portion of the
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A patterned resist 504 is formed over the upper surface of the insulating structure 502. The patterned

35  resist 504 has an opening 506 corresponding to the subsequent opening of a via, exposing a portion of the
insulating structure. The exposed portion of the insulating structure 502 is removed as the entire structure is
subjected to an etching process. The particular etchant and etching conditions are selected based on the

identity of the insulating structure 502.
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The trench monitoring system monitors the dual damascene process by analyzing light data received

from the light detectors in accordance with scatterometry techniques and principles. The light data may be
35  transformed or translated into scatterometric data. Scatterometric data typically consists of a signature
generated from analysis of the reflected light with respect to the incident light. Therefore, the generated
signature corresponds to a current state of the subject wafer at a particular time during the dual damascene
process. The generated signature may be compared to a database or signature library composed of any

number of known signatures related to wafers which have undergone similar dual damascene processes.
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35  networks) may be employed in the present invention.
Referring initially to Figure 1, a high-level schematic illustration of a system 20 for monitoring a dual
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being subjected to a dual damascene/trench etch process. The system 20 also includes a dual damascene
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st and- aboameondeydigmaeuan Ghorflermy lighk Hos dlecti Y th dut daniasrae wediprite sty 0t e

cooper agﬂaﬂgedqigr\{é s&;@t@row/ t&ﬁmtﬂl@ﬁﬁ &%&@oggeneﬂ?eea sﬁi&'ﬂﬁﬁr& dﬁ@@&l@x@t@(ﬁmgﬁ@ﬁﬂe tdoflitatdg 5
system 40 'nay reside 1 n one a or |l oglical device such 08SsBia 1%?rrput er

or pr oc8dgmngpger Pe Fplendopss J‘E“éﬂ“ b RERITC TRE” P PREPEPRRY ST ¢l

| ogRkEal wileshe adbjsct wallke80dual danmascene nonitoring system 40 may | ncI ude one
or nore conpgngny; enfsﬂ%%ncﬁxﬁ@bdt 89@& fflitdd Etﬁdtﬁi@rm@ss RlaQpRER oftdﬂ@dﬁ‘ejeét wale§oor one or

more conponents that are not | ocated jnsid et ch
pr ocess TEBRSEABATS PaBmsE Y4 Bt SREPIRFEYe Pohaty P"a %f%‘?ﬁ ?"[“E «%or?? ﬁsmofl (r% K lderh)uﬁ bcesses

dependi Bfjiedetri hetethbsd, stetentdlpw ket tbraprratufe®s; Tinesuch 94 et sateid@rdieolleiiiély or i ng

system erer}e§togp&g&tercﬁﬁgoy%%%@gggo one or nore etch process corrpo_nents
50. The or rocess conponen with the

50 wor k coo )
duaPOdarms c e e dpdAPATsRS Rﬁbce%sgf??‘@ﬁ?géf@sw“ﬁip %i&‘?esd‘lscaftfri"ﬂegtvf iein i Sh}égone or
nore et @&tt@rsmasaa saaerpetigrbiictog te efledteddigianel Scathpinetmeamelysismsy mk}t‘q onal
comandg g i‘&m %ag%nega?e REERS wgp&&%%dr%o‘%e( ééngmeél&nmliaﬁn slsaalamﬂarrascene

rmnrtorrn S orrruaest e 1nstructional_ comman téﬁﬁgneratrng
and analiyzy§y el Sag“?‘té‘le%ﬂl?yﬁ’@ gqngFated ‘Hr°°12‘5m%%<‘ﬁﬁlFﬁqe‘%hghbWé“36ﬁmWB’FSe° f&i ons of
t he waf @fgnadle as@dtisled withmat tefletet Aght 7¢gagerd. or mat i on of trenches in the wafer 30.

35 As the dual damascene process progresses, signatures associated with the wafer 30 (or layer

m_

undergoing the trench etch process) may be generated continuously or at frequent intervals tt}roughout the
dual damascene process. For example, light reflected from wafer 30 at time T1 produces a signature S1 which
corresponds to a trench depth H1 and/or a wafer profile P1. Similarly, light reflected from the wafer 30 at
time T'3 produces a signature 83 which corresponds to a trench depth H3 and/or a profile P3. Analyzing the
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The dual damascene nonitoring system 40 generates this data by directing a
beam of incident light 60 at the wafer 30 and collecting a ljg § whi ch
is reflec refracted fromthe wafer 30. The ingident %t 60 may
be suppl i é’g‘%@gﬂbﬁy different |ight sources, for exanpl ECT/HQ%OP% g}
stabilized | aser. The dual damascene nonitoring system 40 ga%i di rect t he
|| ght 6®auskee efsigaarapscrpiptiljiata dqterpining Kestharibeayalos 30, gt tregeh, is pensiehd SEREIS 0 1 egi ons

of the maketheBR thewafer mﬁalsmlgetcha‘drfer efiidple, 4 rASTEINEclBMI, preésmgang/ysieptin 40 may
direct the II% c{bacﬁ tformaiﬁm can rg%) tata«?i?olmes(% s? uex%gluﬁﬂés tgfmaﬁngﬁ 1§Me%§&ecr¥:\ﬁ£ er 30

such that these re i ons 1¢ien generate scatteronetry
si gnat upnesr moRas the é’?ﬂcé etﬁleaoqessgqmomts fnprdenyp P’@é‘fyé‘a 0’6901‘%%“%6*8“‘ PfEEE ene

noni 4 or !»iaﬂplés SR H1aR0 m@@@kﬂb& ﬁﬂlyé@dalﬂ@ fECAkH t6 the BIE grteds iporiesisiss i N or der

to gener si gnat ure t.e nat il m ni ng
one or wgerreethe\%ef & FROF; cﬁ%%ognexg O?hﬁg Loro zed %Io e%f[ect G ohmsrg‘hﬁx?gesrlg g% gﬁ
par anet gvig d@0dEBETTPERCEH Suﬂsmmcwwmy gﬂbﬁfe%tﬁnn&ﬂ?éﬁchasﬁomwlﬁ@r et@i“ﬁéar‘les i ons

i n]? | ud g 6@”; Qréﬁ@e iR QHer Itd dbleb Rtk dn@ohchidit Skab@RESFiad @ﬁhpéintﬂér@ﬁel tleh @tf:h ﬂi:d’&ess subj ect
war er

et ch process .paranmeters egobut are
not linmted i q\é"f W?ffne€6??f?8§‘??4°%’f‘? SGEm Y ?i’gﬁ?ve{y °°up1e§ Q’ghe S? %bc waterial 92,
et ch@nt The sigratreliberyOR), may swysainta tnyprioudiims gick as bt eot Gpnitedgdo, O OF a?réh%m&h%d

(coll ecta'tal&ec!la)ﬁbaséseﬁxﬁédrlﬁg atdUai@Suted. %@J&n&ﬁr@ hbr%@@ﬁﬁ}soeﬂkﬁﬁt&mﬂtoﬁg SmPOphysicd) The
dual dammscene gr ocess npni tori n?cgwé aﬁ@m 40 incl udes a scatteronetry system
(S

for anafSy¥ptFh as oneemplE At A1 iR PP Y ol | ecting the refl ected
| i ght 70. Scatayesscmiatding sanekymalgsenasyociated Witttbe reflagiop Bght Tpnderdnayp Sigpfuges

gener at g .$ih &9 dial{uf‘e%mw% 2P Be &{pwwt@cokmm o&'ogﬁ@fe Uﬂ’cl@ﬂ‘ro&.@ Bénbieaisl 50. Mt a
signature libra Such’ si gnat ures éb g% ? rtrencﬁrb 1'1{1119

ref Fact & FP"gi‘ifle‘S’?‘t?d Wé'é%ﬁﬁ"’é‘r%’ﬁ"ts COPBOTR A e DHEP yﬁfﬁ% O & ViagdEEr B

t hat r efwatecstiade ih pigduly mafhepdep¢ndingion (BEleshed 4phiiradimal danascene pr ocess
progresses, §ﬁrﬂ£@x¥o‘vbrt@ﬁgﬁ§§%&sﬁ]&nei@0M&Jht&rbx@ 2V @a%xaé%@ne(p%es& a%&@iemuﬂlﬂglar goi ng
the trench etch pr ocessgEj ‘¥P gﬁggr at ed &ont i nuoustlo¥ at f t{le?& nt

i nter vale%dp?lﬁlf%ﬁﬁﬁﬁ‘h‘fmht‘ﬁ g scatPaImety Wik rfeFe g RORC aspegior g manfion the YA

r ef | ect aob fossers vafrelled-B@dtatk dapahititich to ippleintes oameé ghagein the Sjal maseeme

cor hgsp c f & btem WAiLEbALRIdY ,
i gE@ 2#1) esscf%fglétﬁ-e?vgir@nﬂt KCCQE lfba'ﬂu)thé'il RO ihe ?ysﬁéﬁ 180 is E)EIQS% 1o6p fyte tofth % whi ch

ces [
corres pé‘?‘?ﬁ%"kt"ﬁ’a'é{mteﬁ E’rfﬁ"ﬂ“ﬁ"e‘ﬁ’t“ﬁ“ﬁ?n ﬁﬁléf/dl‘ﬁl d?‘aﬁ‘i‘e&ef‘{)‘?cgss% ﬂ%& y@?qlr? m’fcﬁe 825
JAN 200 Zurresify b0/ nid 3806r RGEMaBR003/ 021108 sequence of signatures can

facilitate d%‘%eesw@g Oa%c%&tahﬁfer flb@ns‘tﬂ‘l@fjng 'iayg}QﬁS 46 s&bﬁt?a&qli'f';) whith B 8dolido €t ched
uniformy an

et er the wafer IS |n%g lbchg daﬁ'? exarrple at the
desi r ed "Bjseperis W‘?ﬂ%ﬂﬁ“ga&@g%“ﬁﬁs‘i?“%?ﬁ%ff%r“aé)ﬁ?ﬂ 100 FEodurtider WP FEPIESi on can be
genébat e@ﬁmmmi‘wsaeqnmmeﬁmmhysmset@dnm system K70 vhivh peecatro@eratiyely ilease one
or nore opcicer ) Qﬁ ble\%eclbl WdQ&ﬁéﬁat&&MﬂﬁgEn%n&p@mﬁﬁ@x@ﬁer&:@et&ﬁ@dkffsé’ mn

on- gomgtrenc etc process. exanp |nf8 ggtlon 248 gtothe
sequenc @Y {h feal @%ﬁscﬁ‘? I’Foéﬂorﬁéﬁyﬁt‘*‘f‘ bsotl“’rf’é’erélf"éﬁéf cpist odle BB AYTE 50 where
the one regilaaikearetahiRRb hiviigSysidn 1TaY THo @entinelét drigitlg gysten ] seictivay togrobsftieestsh one or
more ch WAz Hnd B Bhze 199%&?%&%%&%@&9&@& R RERS e Suoh ARptbdebscat i ons

may i ncl u terl n% ant conposition, etching rate and/or pressure
in° Pdercomonpisish Ay foe examBle g SR PEYECT AP appr opri at e endpoint for the trench
et ch pr ocess Thelth@choktth krid ANR SR 1T rqaéi@s @S smationanklof insigctoys temand fropéheat | vel y

coupl ed iohed Pooth i fol Etsan%xg&ro%%a el Gor B SRR 6 CankidhBicke B0 TRy store

data in various , one or mpre list
arrays, mqll‘&ﬁll%%’sm%ib?oa%f‘s“é@mu?r 16Qwey ipefude %P‘%‘i"f%?‘“d&‘ttéh"(‘i’&)&%r etermine e G
| i brary B0yperyinkandioCabe danenitaine the tentitod dpiViygsdyaeah 170. For example, the dual

35  damascene moniforing system 150 gathers the reflected light data and performs an analysis of that data using

scatterometric techniques or methods. The analyzed data is then transmitted to the controller 160. The
controller 160 processes the analyzed data by determining the content and type of information to be
transmitted to the trench etch driving system 170. Thus, the controller 160 and/or the driving system 170 may



devi ces such as, for exanple, disk drives, tape drives, and/or nenory
units. Analyses, including sequence anal yses, associ at ed W t hat NBZg!ﬁI ected
light 70 and/ or known signatures stored in the signature Ilbrza{’r may be
enpl oyed VP EIHPP the one or nmore etch process conmponeént/US2e/02{108 15
shoul d be understood that the etch process conponents 50 may be enpl oyed to
f or m a sakictivelyregtilate prdontygl thirgteh deties 17 epbieptedsigrof asrosiated ity ihe pReh pigh 58 dependi ng
on thegdgsih@d application. Turning now to Figure 2, a system 100 for

moni toring a dual damascene process and determ nir N oo ra
trench etch%&ﬁOY‘FQ t‘?é&‘ipﬁ%‘wfs%e%ﬁ%? g %eﬁgﬁn‘f‘omk o ngota% Co%g%gg%ogg%é%f t he

i nvent iddving syen B9 Stibitres thoGengoss pmsmsvidowtusiod an éench é@tﬂ?a@keféfé‘ﬁfdbi“’la?’tgl es to

' npl‘.iem:s‘lmctu{%n?‘o Bt eHD Er&cﬁ:«lﬂa?ﬁgﬁéfs Hudd vk BigttPdnd HPRSGERR0gth Phiosessor f or future
waf érs. According to anof her aspect, the system 100 is a closed-loop system
with cdiEs8m ske®d-eedback capabilities to facilitate optim zation of the
dual - - danmas c Skreftring @Fgufedy thacompdnents dsspciafed with the systeankOR ate sow desgribedit | y bei ng
formed g?egtgr Je@ﬁa Frd A &m@@%@%ﬁg&%ﬁ%gs%ﬁ?fﬁ@&Q&v&l@%ﬁb@l@&m @neV@fn&E tadgbQight

(i nsul |ch|§ Ll 0 ”dFHB or is
under gdP¥EgSs 5‘5 dﬂf’aﬂnﬁ 6%@3?1@%5?%’(?@5@“ tapprbliaht Sopren 8 O e { PREFHEESTE dual
darnds c amizh 3abst0R bt @fid g apjptiei® hodal dmevetirokh @vh piGes. e light npyeere %t ch
drivin %103%%&:&53;"{ ﬂ%xp% \é\fms % Iﬂzse? 6% otﬁ;e(? RP& ro?'ﬁéhys‘ﬁitaxle 't&arr?&u@@é prEs@nt QnQéHﬂEIQ | an etch

devi ce acilitate determning an en ? e:?tﬁ%gencs etch
pr oc es gnay ppempipgyed: |Té%ﬂlgéYmaytbﬁér"lﬂ?}?i"n‘aﬁ?ﬁ%%“r‘l‘gacﬁﬁtﬁ et“ﬁ‘fef ?118 °§§7§ ERT B s

oper at iof @k Watsoa@iuefke! Dhetlight reflauddrfom terwales OLO0vidviolidated byelip rnagrawretlight detegaich et ch
d“ vi nglﬁ%yﬁsthsmée@%cm?a{a{tﬁafgﬁt t/glpox‘éﬁacwmméw&&@msya@e sel ecti vel y controls

dev eV| ce per.for s the trench %h process
and15i ncl udesThe Al dmassese BOEIERE spitegt el @@@sé@ﬁﬂﬁﬁ?ﬁ{gg §%‘(‘?H’g§§°a“? Bexanpl e,
an et chgidm 136 @ gdfatel 4 Sgnaihite Ahdli ohthedotidvted fighv inndvesdestrainnd 4 Bast excei ves

i nf or na}ﬂlengioxiaplqzeé)tro Lt*ﬂ@xg%erct%%e'r %@Lcoﬁﬁg‘gﬁ otk nJ(Pri‘h os. BEeE iel £lept,60 based

upon its ana roma | ecte cl?/fthe ual
danasc e¥igh, aﬁ‘H?F apepfijerpftheipaiadng lausl 15 PRG oRepipgs thsTeindsan BERPATTE 1Y FRTRATE 'S

pr oces sakiref Bpth, Sid@YMAYof dediredigbias. Mhficngtet light Barisend wittarsgect ty e ingiderit hﬁhb rmation
to tSir an % obttmnqhe v%nguh gim%r(s%gscxjaa g@ohliquﬁjg ﬂm%ﬁ&;@ﬁ@x%m For exanple, the

dua anmescene nmoni ori ng ers the reflec ed |i h dat a
and per f or mslt A prApyragiaied gt %“hﬁ‘ﬁtabéFaSF%te’iﬁ?Fti‘i’g*ySt%"c]éf e RgsEripYeg o Ues or
met hodSpresd @vaiiad. Yam@mebad Qich Ssiénitare chitaintandtid Bitiwithin thdseope of the Oiﬁhﬂl‘@r 1 60. The
cont rol I er..160 processes the anal yzed data by determ ning the content and
type of ! |n?orrrat|on to be transmtted to the trench etc hjggrlvm 5system
170. Thus, tHe seismlPolsodicluiee ligh syuge 130 i sypplie fehstpdiedagey ‘Sﬁ‘éffzes 2 5 JAN

20025 V\ﬂh%QQAyé Qid 3.9 841 BeTctiSARNBLLAIINB150S Bhedighitisanedk Y80y bt afaguaney-cont rol t he

g; (S: ,[] e ?neﬁa})gl ed':llég'r ogv@\rr]e?l hrg:l(ad b ung rstdd ﬁ]gpdn?fageg orv&hgﬁgﬂtrgﬁnge @ﬁﬁﬁ@foﬁ@aﬁbﬁnﬂd ving

eralve nteracti on t ween he m)nltorlng
system @5@3861Etﬁé'e@emmyche P@Pl‘)%d)thﬂﬁ erarples inglyde g Japrg diadr o %*Pﬂ“ﬁ"ﬁ?mf Bt ates t he
trench etch 'DKeQ:GIQStSd ﬂghidaautay ugubegman afialy@sicy the banfroliet 190. Tigycewtroilan 16¢Hie

| nsul at | ngtwe? ;eﬁ(f\ ot 5% t:renchi e%h dnvma sgs 31176 rﬁf&%ﬁg%@&éﬁch%%cﬁ%ﬁng'wwpm ma€ I gat ed

and i ncPEase I'C1 enc ctor tication achieve %
refddri hgftmamiegﬂnteé bpthe ?%@01@b%oﬁ§l‘¥?“§h slelsBiving pystgm W & SHeqtKRY SOYE 0 are
now deS@efvicpﬂd dsRvell Qr&&ih@dsr et t@idh etcl fi6cesbléahpoll@iips Renia pirodbdrdirg tmgle system 150

I's oper a'%orma 01¥ regelovggl gom t%e congolf%pl%o Ofhe qpr&r%ll& %0%%1 de{e}ngrmthe progress of the trench etch

process as well as the most current state of the insulating layer 115.

According to one aspect of the present invention, the controller 160 can process the measured depth
35  H, to determine an appropriate endpoint for the current trench etch process. For example, the measured depth
may be compared to stored signatures. Each stored signature may include a set of trench etch process
parameters which if implemented, facilitatés determining a termination or endpoint. When a match is found,
the set of trench etch process parameters may be analyzed by the controller 160 and implemented by the

trench ertch driving system 170 to achieve an appropriate endpoint for the current trench etch process. The
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sources 185 and one or nore light detectors 187. The target |ight source
185 projects light onto the wafer 110, 10 which is about to bES%N'Z@?bei ng

subj ect ed damascene/trench etch process. e one
or nore B’%@ﬁ%ﬂ@}?’%@ght such as a | aser; however ot herg?'bjﬂg@ %&Bﬁ ght
suitable to carry out the present |nvent| on npl oyed. The |ight may
be pr oj «etolel 1efedy sppraniteH of pag oldgsst aEeneretch H@CW@F“"TW %Fe%ﬁ“ etehJiog o

regi olnssyst@f 17 la@eﬂtm‘ge)ﬁ thiiﬁxeﬁuéxfcﬁia&x pr&&epdmglf& Heiick gietcattolfer tﬁmseﬂdlswvehaf er 110
is co

appr eci a Ea?s%hﬁarte Of ore f,ncﬁ%tch rgléocess (fo onent%j ! ac ?1£}§etch:hﬁ\an mggegtflhq% 6){:11561&'_@]( ace. 15
The duadetealams:@@meummmtoéwmggosxgémaéﬁﬁm%@eawsﬂsyzes the collected light data

usirgg a scat As&!&&ﬂ&ﬁ rab’ove,%é%&rﬁﬂlleﬂ-ﬁﬁ nﬁﬁﬂcl&ﬁ Q@foaésﬁs (1Bt sBdv@)) &hdhrpﬁ)cesﬁﬁ,a* ysi s of

the collected |] |nvo ve et ni n St gl ated to
t he subj® pr@\‘fﬁ?sggu‘flﬁa SI A EE%{)?%O&C\?S?D 3¢ %urcr% S?I} éA‘I\%Br1 i&ﬁ | &hllg—mr exanpl e,

a dept hAMDWughoTY, anénﬂhﬁrombr qaﬂcr&pmmﬁbiff prodessing pritel Bheicoryollenlp@iprogesssr Pa4Rs openi ngs
t her ei MrodrRnel & JIRAD 4 SHerANEE VERIPBheht®winin € hitL thogedehio c&ﬂ'yd)hhhe and/ or
desired aBI‘OfI le. The reflected light is measured with respect to the

i nci dent?PYE GREuoBescHb BgER. + o obtain the various di nensions relating to the
subjct i nsuTwtonmnlldr 2§0anay dldche operatigdhoohleddea mppmre i athe demers  90zpryesseui t abl e

scatt te r Q&Eﬂ%&%&%@% Jtﬁ%x&mé &S‘gra%{mh&x&dte& & tﬁe?eroﬁ%n@uso b t@rryinlo@Spethting
i nvention ur

conte t hi n t he
scope of*"§iAs oEPSYHED 10q aﬁ\‘}eéﬁibfdd%‘emTﬁ%w?fg P%?ﬁa'i‘ﬁ‘gg% ?&?ry 1%6)?“33‘%1’%{'3 igh
sour ce d8Bumhirothersiap ] Which obserybt(mbasuredh datdt can brestomparegh Thegesmory d 80 af]éE?i’t:f”f"ez 53 t hr ough

or via 1 §&a bt RTRAGGARy mamg &éaeu é&gpl%}c'e%; FaPimb R andm@su}ea gmr BOMNGE 180 nmay
Zﬁf requency- stabilized | a a@wever it shou e.4yn eglsgngtgd t hat any

I as o?““&‘tsﬁﬁsrs“‘lhl aé]ﬁ‘f“%ﬁ‘iﬁ%‘??“%ﬂ?%ﬁb‘f °% S?DC%%EWC??EJPI%"ESS RO BB Nt

i nvent i cyordinaty tables, eafed a0§/edayerGhapesrandstzas platssonietry infodweation, péhisead V@fetﬂéfoﬂlﬂyea hel i um

neon gagyhd %ﬁ"sr desJeQ%vaf\epMdfaplEﬁpdxﬁéngbﬁs ag@éllaas BB dA) B8 nhfbdetbloitato Adaaiyaed by

t he control . The contro 160 is operatively coupled to the

trench eqf%waEﬁe.OWﬁgess%&VW&?o Ther ef ore, the trench etch driving system
170 is at  30helsgast 1005 poaeréd by e gareatupdy 19§. S poyentupmy 196 ma BONY S r ench
et C dr bdeP@ppy, SicE' R alohle éi&h/a%é Ve, ndc 0y @l:érytomhe%@ém lnaﬁaﬂnce 171, as wel |

as the one or nore trench etch (gr ocess con;g)onents e(g) S %nmxﬁ)aﬁ

accor di ng t oReHERS 3SR FRET A IPEEERTRE “PHEH ?Pé‘thB?'PPF‘gIP P tldé

cont r ol kyeem160s shann dhitteis sinike ottivayypmoigh.cBs dof dardasetemenithingand tndpgyocess as
well as déni}sm;mﬁ ﬁysﬁﬂrlﬁ@&gcrﬁéd% R 2 hfYGish mahuee;temﬂaa de@m&w&ﬁm@m@ ng to

one aspect of resent invention, the controller 16 c% B tc‘f s the
measur eﬂetﬁfé‘tﬁtaﬁd d‘%"ﬁq‘gﬁ“’tb}ﬁmﬁﬁ’fh@rq‘ﬁ 9‘?%“&’??66119&?188? Pgtes Pérﬁla‘ﬁ%? {2 PAFLHE current
treffh ek clepediighsista atdeneened siplaire. TheelNIEWE uaneldemm} necpedyy kiusiertptabed to

stored ﬂa&fl@%hy&ﬁ%r mﬁef&&cﬁst&rpﬁoges§¢a&mfa&g b8 by BMudiiEth o3 60 ascaa‘ey bhigaeh et ch
process agarrﬁ ers cr &P emsn(tered]rl facil |t e deetder nipg a
t er mi natie Gre B igh daroras feteolsd and cofleried Operption pifP Y téatt S ¥¥%hch etch

process par an\:ebafalbs seRibiy Flpere 2 /v TRNEAD0 by tedwive u@uttdat@frbrethe a6 0lamescene mplivrient ed by
the tr @)@ leqﬁ,dffnl X4 uﬁkﬂe ﬁéﬁﬁ%e?cﬂ]pljozgs ﬂaﬂm@t@r@ o HB/oFHe @9&%%%%B§at€cﬂdp0| nt for

t he current tren process. 5 JAN 20 ‘%,ﬁ %
pCT VIS semies Erowles aﬁﬁn@ e Pmmaﬁﬁﬁiﬁerf &"%{FPg Areptitygfietchant °]8’§?°LS1“8’T G
trench Qfsﬂhm@ftﬂﬁx&ﬁ% protiaBi TRty D3] tempehaeiret 905 gmasturecdt7 cdnd ebehirate Py The TSN @00 170

dependi eg{l&%%g'gm#&eg &B}o égngt&g ﬂfc%J B &rdﬁg Qﬁ%utﬁﬁ{ z?‘lﬁgﬁﬁg%bﬁmclmgﬁe orlolde

cont roI Vel tes t or nore trg %h process
corrponeﬁ@lgsmiﬁ“ﬁ to ke fort@rf@h“é‘toﬁewe’éﬁ’ i""i‘i‘i‘ wgcewgfe%%ﬁrﬁ% Thefisined ]rm‘iyéhe“ Bternine a
t er m natdRRitedio e coftrolldd @600Brigfltntgtatina hedaimBe @ 6lemfyruasps she listing information

35  into informational commands and then may transmit those commands to the trench etch driving system 170, as

described in Figure 2. Alternatively or in addition, the listing 201 may then be transmitted to an

output/display device 202 for operator evaluation.
The TNN 200 may also function to detect parameter-adjustment implementation errors (not shown in

Figure 4). That is, the TNN 200 may be programmed to remember past listings 201 of adjustments made to
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5 As descri bed above, the controller 160 may include a processor (not
shown). Such processor, or central processing unit, may be apy Jof 287
plurality r ors, such as the AMD K7, the AVD At h th ANVD
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92, 93,

Referring now to Figure 9, the exemplary neural network 200 comprises an input layer 218 having

neurons 220, 222, 224, 225, and 226 corresponding to the identity of the etchant composition, identity of the
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laser 305 is brought to focus in any suitable known manner to form a beam 310. A sample, such as a wafer
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construction. Different detector methods may be employed to determine the scattered power. To obtain a

grating pitch, the photo detector or photo multiplier 320 may be mounted on a rotation stage 325 of any
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rinciples tabl IS neur al
net or K&* arl*—%?fﬂ'i‘eﬁgt?aﬁ?'lg eaurey gt S“‘Fﬁﬁ??ﬁé@s nbtlhe fg(ig p PP u;tnqnes “out put
| ayer s RS paseelt iR Bion t@spensityi apdidryphaspigfyhe dleges ae@@tédﬁaﬁ@ébahﬂwﬁae Pemipets nunber
of ?t t rii%%{e% c&tﬁal%men@crn@&%&ﬁ%me fNLf@fwemgét&Qd r ?t e, etc.) associated wi t[lht he
system and the nunber, of ar anet er .c iflon, e
nunber of | a]?/‘gf‘rgm oqbiaifah e a'b‘fve'" B 8???“?\68H?%ﬁve%fféree?t@o?m ki E’g l%ypes of
connect andfesintenyigngf thedgidemn ghf Eultgy fnfsmsgmallst wyaey igtersity/Rhatelsigepture iORRFORBIEF ons
Wi t4 n f%ﬂécéx Bl &ﬁ%ctéﬁqﬁﬁkeﬁ*nds fby e%hxﬁ& 2R e{gﬁatdrébrfstb@d m{eymaky 200 receive
i nputs and yro uce outaﬁ% Jﬁe a? t he. cok}r%neoct Lon. stren t§x}§h bet ween
neur ons TR B HEREFHi Hmé\‘&?g‘ﬁi‘rcd’i‘ PR OB eTRRS AT PR R4t O % 'g., trench
et ch nmosibstatidlin gnigy ghasetiptewity signetoos dé meftuted bmhgheneﬂqsi@@frmal@/@h@ﬁ%@ﬁib}t ions. 20

Accor di gel Ve sk fiRs dudVeRdst iR &r@@%@%ﬂl@@ﬁﬁx S84Hadon &QﬁeWak@onhﬁﬁcﬁ he IGH Y5
hi erarchi cal structures

n hose i ustr at e ect Ao the
exenpl af¥FefbiibioRPSHE °5f°frﬁ$"j“°“éN) ‘%&‘t""/ﬁ@fn?“t%@yf)’iaﬁ‘g?? 8{%}; ‘gfelﬁa%g Q such
as 2¥Esothanciecestdauettinet®s coeffivientdidi Oneonch cothmtation of fhe Caypéex mé@‘mii@é{lqﬁ@h@nbﬁf t he
net wor K 320848 e GRRA | Se fully connected, partially connected,
feed-forward, "bi- d| rectional,, recurrent, and of f-center or off surround
i nt er connecti ons. Tlﬁ'eﬂé)‘f’é"ﬁ‘“pll1 Wm?%ﬁrryaﬂ‘m‘?fét\/\ork 200, noreover, may be
trai ned accoTigisiggetirelitgarP&n bemohstigteddfomtobwtved lqmswphasq@llgmqqgndbmlng{esl imted

to back &Er%@é\%@ﬁo'd&ﬂg aﬂd@ﬁMﬁ%nv !B Gfgy ot ﬂﬁglﬂh&gwheﬁ @)Q)oé'e@ lonﬁQsE ﬁ@@mght JfRkvRi NQ,
wher ei n the | éarnin F\'R% g ormed on-lin %/55 . For i nst ance,
wher® t Ry yagiaeth B’Iéit &1 fifst igbwrg an ajyater Eﬁﬁf‘?eﬁﬁé %{ﬁﬁ Hﬁ?nflfy@lrg% 1€%s bet ween
cl asses Siafilafyl lee spopa ol insidenr kghsdflogivh intdntity weayelépgth auti rhfise qugécpnd featips o
unsuper Xﬁ §\9eger cﬁr%ﬁ b sgcgﬁd ﬂhg@hn@ﬂ&@ gﬁtug F@ichéﬁﬁlien?ﬁlch dt E@Js@d@ﬁﬁ'ﬁlﬁvﬂ Ion error

detection, In h  case supervi Sed | earning $ r ef er whi ch may
advant a@"é’é‘ﬁ'ﬁﬁﬁfsbgﬁgﬁ?tﬁfflwb‘lfélgeﬁfgﬁﬁagﬁ‘éfﬂq Gpth mlaﬁgW‘i?t%a gon ﬂ%ﬁ Sf"é{f’dm ng of the
cl assi f sigfatureByanbecoibived @ih sAnubkef]l hidohodeléd sipramutestto fofm the aguatuwglb@at Simgbtay i ng

nmanys tr ?ix[x)icnnadeling can be employed to produce signatures against which measured phase/intensity signatures can

= Q)

JH

be matched. In one exemplary aspect of the present invention, simulation, modeling 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 scatterometry detecting components, the phase/intensity
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etch process paraneter degrees (e.g., severities) and operating conditions
of the nonitoring system Furthernore, the training of the nety@qKNgm® may
be acconpl.i shed accordlng to any appropriate training | aws rul es,

i ncl udi ng W8T nited to Hebb's Rul e, Hopfield Law, W?@“ﬂﬁlﬂls
Kohonen's Learning Law, and/or the like, in accordance with the present

i nvent i Yaals @bt matched, ffgr Pragplede slibamy ofwigrH ‘fgeraRar el ifeEry syst em 300
coIIectwﬂgrﬁeﬁkgﬁkeaghmght nght froma ||aser 305 is brought to focus in
any suitab manner r er

315, °1's' ol OB REODE et B BRETp2 SRR o SPRR e PUERAIRAME T
mul ti pl drembogiz@nipft lsmhymtsslmat mbtlv@enkwmns @éméxﬁ%ws cvyﬁl ocmr Pﬁ@?‘é?;ﬁueﬁ’étﬂ@ct or

et pds, B SRk HQHactstndlfd @ ii¥ispeinitdaeh HE ab beked drﬁﬂfﬂ@l’ Ianﬁcxﬂbbfe@drdltoa

grating pitch, the ot 0. det ect or. hot o | ti 20. unted on
a rot at PoRUSE g’ﬁcém%‘fgr Fredinyier EPVE deécrg’ O?W?n%n%ﬁﬁ ] ieé’%g’w o5, ol
PCT/1JS@ﬂ@ﬂﬂﬁ@@i@&nﬁummamhémKNGMHaﬁeéﬁgwemmhﬁmeGNE@thGkﬁ@PMQSUNLof any

sui t abl g kneunyd Gsicsteh, to@%ycog@odéﬁ %gmﬁ &ﬁ%@%?}p‘émﬁdﬁﬁ&ﬁ&n@f thé @agioddt S,
including, but not Iim | ocati on %ﬁﬁunﬁe 1y di.ffracted

orders FOERIFHGer Bt 1?)“1“’?*?’5& ‘?qB‘ﬁalﬁ‘P’a“t""rn%’“ﬁll oL HEL™ |eﬂ'6v 8F Thus,

| i ghd ramhecwmqummmsmhammmnmﬂwh&msﬂhaywbewad@upm&émvmsﬁﬁ&§Uﬂé@115

Scatter %&J WhileS p@iluBE RO LS Bent} Pl d Bian difioMaath ke@ﬂéct@eh@]-ﬁoneaofs urf ace
upon which _an incident |ight has been directed i g {lnﬁ%ry is a
netroloﬁy“?ﬁﬁPmFEW%ﬁggﬁ?ﬂ?“6%8%@???”3Fh8m§ﬁﬁﬂF8 ?'%PF§°§& ering effects.
Scat t er enbedimgntd 28 mhyiscklsiohart hdvantgeniot auy giverom poficulahaplpattoni ng profile from
its optical diffraction responses Infornation concerning properties
including, but not Iimted to, depth, wdth sion, profile, thickness of
dual® danascene openlngs/treH§P@§ 49@49%%91 mensi ons of features
present on tTe psknf iacetidargeireallexeiubic the deld dBeribedicif proerssing.ond ip agtidylar in
extract ﬁlg fapr}lc o Igpéﬁt!ra[]ﬁtoée% g Bﬁlf"é Son- Me%enfoﬂrt £l $a\rfo¥s o@Ier deRBonicBPEevidbs €Ct ed
onto the suriace ase and/or intensity signals of a conplex

refl ected and/ or dlffracted light resulting fromthe incident |ight-
reflecting fromand/or diffracting through the surface upon which the
incident light was directed. The intensity and/or the phase of the
reflected and/or diffracted Iight will change based on properties of the
surface wupon which the light is directed. Such properties include, but are
not limted to, the trenches in the surface, the 15 planarity of the
surface, features on the surface, voids in the surface, and the depth of
openings in the surface. 1In the present invention, the intensity and/or
phase of the reflected and/or diffracted light will be examned as it
relates to critical dinensions desired on the wafer being etched. D fferent
conbi nati ons of the above-nentioned properties will have different effects
on the phase and/or intensity of the incident light resulting in
substantially unique intensity/phase signatures in the conplex 20
reflected and/or diffracted |ight. Thus, by exam ning a signal (signature
or stored value) library of intensity/phase signatures, a determ nation can
be made concerning the properties of the surface. Such substantially -

uni que phase/intensity signatures are produced by light reflected from
and/or refracted by different surfaces due, at least in part, to the
conpl ex index of refraction of the surface onto which the light is
directed. The conplex index of refraction (N) can be conputed by exam ni ng
the index of refraction (n) of 25 the surface and an extinction coefficient
(k). One such conputation of the conplex index of refraction can be

descri bed by the equation:
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N=mn- jk, where j is an imaginary number. The signature |ibrary can be
construc'éed from observeg intelnsi ty/ phase si gn]atulrfas and/ or siONNITEE 4
gener at e g and sinulation. By way of illustr % expose
to a fi rst&pﬁyﬁ@%%ﬁ ‘PI i ght of known 30 intensity, mve|§¢$ﬁ%"3 (ﬂbﬁase
first feature on a wafer can generate a first phase/intensity signature.
Simlarly, when exposed to the fir&t AIMEi dent | i ght of known intensity,
wavel engt h amigh: phiaised isa second feature on a wafer can generate a second

phase/intensity sjgnature . & *{ST"'%%}% Sglﬁ ﬁm%r gch of a first depth may

generate a first 'si natur second depth nmay generate a
second signature. PIW% PV@Hcon%lPtgfrfa‘tsﬁ?t‘e‘glﬂba&r‘l“s’%‘o&Wﬁé‘Ha“\}éPthS“gF Gt'ed and

m)g@: edheihs@ﬂ&%lé&&ﬁmédansisﬁﬁg&s‘mhﬂlﬁdfg niadibRr bialdfeRetc mafiiani| at i o Jr{, 35 and .

nodel i ng can be enploye roduce signat [ : spgasure
phase/intensity sf.r%‘h&ta@ﬁ‘é%gca”ﬁ“ e t%ns&ﬁ&q%%&%%%,\g%;eﬁ% ?y aspect of the
presentOPplmgemmmoneémmwla@m@WStfnle‘éiélm’ng and observed signatures are stored
in a signature | |Slgﬁ@5ﬁémggnt ai ni ng over three hundred thousand
phase/intensity e/in s are
recei ved from scaé? 5‘%%?\“’?1“&&]“5%‘?5@3%1 r?gag?llgsg?&m faﬁﬁ e a&soyl}l?%%\c?%ﬁlgl ty 15 2
5 JUN 2BOsrbstap@1IP GiphQihg ST AT/ vidSRavBH @1 108 si gnal s can be pattern

mat ched, for exangi aomtsragfrﬂaeonhaubﬁ afrtaénc@és uﬁhgdbadtt&oﬁl&rydﬁteﬁfﬁilg&ﬁramt her the
ore atur has been

signals, corres J)|WNeIAN

shown aﬁ’ﬂ‘atﬁreﬁ?‘iﬁ)abega’“é\f“ﬁm? g%&fﬁg S’f Pérméél}e Slé“ah““h‘? eg er tr"re%bra%o ﬁE ment  or
embodi ntemthsiepth,tand termiratingdorsring b trergiapy W@Jladmre@ep@rdanﬂi ppgingdi@drodi fi cati ons

Wi |l occur to ot h@fis tilchdhnd Va dpBSings with § cdddidve kld@1. r eadi ng and

under standi ng of this specification and the annexed drawi ngs. In particul ar
regard to the various functions performed by the above descri bed

conponent s (assen‘meme@xod ofelaincle whergn gegariting the eignatule asspdipted with fosging therc| udi ng any

ref er eng&ce@chpriddB@RS:: a He%ﬁ@f ﬁ'&dqu%ﬁtrak REInKGsh sEEINRY BB Bihfrefiddkemded t o

correspond, . unl ess ot se i ndica conponent whi ch perforns
t he spe’é‘? PPuAOR STHEEP 6T Vf\ff‘ﬂgg ﬁ‘@?@?ﬁmﬂi’g}‘ 8‘6%608?%?%‘ ‘(i.e., that is

functionally equivalent), even though not structurall y equi valent to the

di sghosed 1§ str T'Eetnlﬁh%d M!aﬁlhl Qﬁér&f?ﬁlgﬁ rﬁmﬁ absboRedaiven fdnﬂiné Heudaedeei N _
nventlon ile a

illustrated exenp odlrretso n

parti chQa‘FsPP‘é’af"L?rpémﬁ‘%(ar g‘ﬁ’g‘ ai“‘an & YR %P%Séfé%‘fe&ﬁ c’i‘sglgteo St\r/\nucgf?a?%@pect to
onl y oneppeds befoeydrriag and afizo thirmieg thestrenshes h feature may be conbined with one or
nore other features of the other enbodinments as may be desi red and

advant ageous for any ven_ or rti cuI licatio AL

APPL| CABI LI T¥ The 'ﬂfr“é@’éﬂf’@%bﬁ"@?ﬁﬁa‘i? §5ésrfg$ &WE}‘P"[&‘?Q}“’ a‘“‘e SlgrR‘u!“rel d of
senkfontuay ardeppmoeassihidepth.and in particular in the fabrl catl on of central
processing units, non-volatile nenory, and various other sem conductor
devices. 16 2 5 JAN 2007 WD 2004/01390% PCT/ US§003/ 0211 tCLA!,mI\I{ISth What is
claimed is: ¥ A BTN ofclam bvhereRa Soun onPEREs SRy S EBIETEIAG S “Br ovi di ng
a sem ceoumgatioh aﬂthmmesraatoeimgntdﬂm datarniing trbgh Hepth coprisestiesdig infermationrpipiedtosur f ace

t her eof trench depth via the closed loop feedback control system to a trench etch controller, wherein the trench etch

30 controller is connected to a trained neural network to facilitate termination of the formation of trenches.

6. The method of claim 1, wherein the scatterometry system further compares the signature to a
signature library to determine trench profile, and terminates forming the trenches when a desired trench profile
is attained.

35

7. The method of claim 1, wherein an analysis system compares the signature to a signature

library to determine trench depth and via depth.
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5 the insulation structure consisting essentially of a single |ayer of a
‘dielectric material; formng a plurality of via openings in the insulation
structure, wherein groups of via openings are positioned in % JAN 2007
substantially straight Iine; sinmultaneously (i) formng a plurality of
trenches in the insulation structure, each trench positioned along 10 the
substantially straight line of a group of via openings, and (ii) nonitoring
the formation 8f tr @hchedesclnig lawkae the dioketic matgiabdompnisey/ong ee@ted fromg a

ST gnat ur € 4355061 ahBhabi ichP Bl shidh L,{rﬂgcimn o ARRA hidfind iped LABAL UT € 1O

a signature rary determne  trench , and termnating formng the
trenches ﬁlﬁséﬁt"%FﬂB'é’éq‘?sé’ﬂati rené?f"ﬂ’@i?!“l’fetraéthﬁ?'fhaf‘\‘\?é‘ﬁ arfiophasilicdey ¢ hask:r enches
and vi& op&oghbgBosilicdtd) glass,Cannidés ﬂ&nﬂﬂédpblylmld]eB plysilkdy@ioxant, ekogtlobitene,m 1,

compr i searal PRkt b FpRnER B E AT RS Bl WIS, o ST bt ure,

collecting light reflected from the |nsul ation structure, and transform ng

the reflected bjght Al Mbthodt Eefosigh@ dld] Rlam£Gend opdhit@ iR RRRorAhictsi| sabsirhid,,
wherein the si gnat ure associated with formng the trenches corresponds to

a particul ar dEPTR®8fid profile associated with an upper surface of the
i nsul i on st r owviding a senijonductapubsgiats wisle iroingulatichustiuetere amah wwbdr eyrfafathereag t he

trenches. gfinshfifen gmlwafe@orefsm%le@bmﬁly,ofMﬁgﬁeexaﬁrmdm@&lyﬁm&laﬁyst em conpares the
signature to a S|l%nature br ar determ ne trench depth. 5. The

met hod of cl ai F™ g%l‘\‘*é‘Fté’P‘h"“’a°p8‘}“t¥§'é@e ggsior gRefEc®dcont rol system for

term nating thenmuftameqmm on of the trenches according to the determ ned

trench depth C%% %&ﬁﬁqtnamguﬁaw FREdRnd @elngl ,?oqm{,{fed abolER la@seqmg via the

cl oseﬁi | oop feedbac contr systemto a trenc contro erein
the tiench °‘%9‘Eh133!?"t%mdﬁ'?ﬂt‘le‘éﬁhC?%t‘tﬁé‘ﬁﬁ’éét‘aéﬂa"taéfe’&’@?%gr?éél neur aI network to
facilitate tel’l(ﬁl)mﬁ)hitdﬁlﬂgibfmﬁélﬁetf'eﬁmgﬁ)ﬂat&f‘onieﬁﬁ@@thﬁﬁy 6. The method of claim

1, wherein the  scatt r tem f.ur ares the signature to a
signature |i brélhrrec o 5aTnBttmrf'|YdﬁI§¥‘§htatrR’ehmsu Il FUC%n};nd termnates formng the

trenches when aOl&éslgﬂléﬂfeﬂP@d@hmrﬂwmsvlht@nS‘Fus‘rtumta| ned. 35 7. The nethod of

claim1, Meremsm@@ﬁk&séc&dsgﬁhms imaase&lateh%nﬁfoqmgm@enap a signature
I|braéé‘ to determine french depth VI a JAN 2007 8. The

itk treich 42
met ho8" of cl ai MR HH erséﬁn?f“rff‘?eas&f‘%‘fr% 'F’l%‘?l“iﬂ‘ 38”%?'? ses one sel ected
from the gr oupmomtmgﬁirmmgth@frer@hWhegadesdeddwndei,epﬂmslaﬁamm nitride, silicon
oxynitride, fluorine doped silicon glass, tetraethylorthosilicate

bor opl i osphot et raet hyl ort hosilicate, phosphosilicate glass,
bor ophosphosi | i 1Rat e Tgr Rethod ‘156'@‘91 %W&}‘érgm “’FIW&F?‘FI&‘P‘@‘&P[B&‘I“}PF‘?FP d‘é%selecwd from
pol ysi | sedgigoxpbasisting 02 lidpe Hiotide, siken nitrfile) sylichrasxyhieide flaGine ddped fildoy lghsse F,

paryl ge [t\é lo?thsEIBQQ Lh%ropl%s%gtgt}are@f{']l dl!fl'l% 'Hc%;eh l{g)g;{ﬂgsﬂ cgte géssngérgb%gspﬂgsﬂltzgg mng a

dual arrasce opening I n Sem Cco
glass, polyimides, fluorinated polyimides, polysﬂsequloxane benzocyclobutene poly(arylene ester),

parylene F, parylene N and amorphous polytetrafluoroethylene.

11. The method of claim 9, wherein the signature associated with forming the trench
30  corresponds to a particular depth and profile associated with an upper surface of the insulation structure

as it appears before, during and after forming the trench.

12. The method of claim 9, wherein an analysis system compares the signature to a
signature library to determine trench depth.
35
13. The method of claim 9, wherein a closed loop feedback control system for
terminating the formation of the trench according to the determined trench depth comprises feeding
information related to trench depth via the closed loop feedback control system to a trench etch
controller, wherein the trench etch controller is connected to a trained neural network to facilitate

40  termination of the formation of trench.

18



10 providing a sem conductor substrate with an insulation structure on an
‘upper surface thereof, the insulation structure consisting essentially of
a single layer of a dielectric material; formng at |east one VisajAifiélii ng
in the insulation structure ; and simultaneously (i) formng a trench in
the insulation structure, the trench positioned above the via opening, 15
both the via opening and the trench constituting the dual damascene

openi ng, and (i4.) nbe methadngf diam e, mertih ehet scarOMets bysgmafusiea tingaes Tk r y
system by s,gna@ttertgstlgdagreq.bggagh&émln Gl Rl |aBd Wornidatel ttﬁnmmyt&tﬂe il ucture,

coIIectlng %’Ft reflect omt e Insulation structure, transformng the
refl ect ed 3y “‘ihﬁt"geé“’é‘i”@‘?‘iat ure associated with formng the trench, 20
conparfng the signature to a signature library to determ ne trench depth,
and termnati fo chpahen a desired trench,

e ned Do o I Alinds e Bl BaRGP LAEH, SRERE e Slthll 8 o

conpri sesS‘é‘ﬁ‘é‘fesltbtaé/dt’é‘tﬂﬂmm@)ﬁ‘tnc‘t%thgiiwe@bﬂa sting of silicon dioxide,
silicon nitride, silicon oxynitride, fluorine doped silicon glass, 25
tetraethylorthosilicgate, borophos tetraet hylorthosilicate,

phosphosi | i cat gosgl ags ﬁ'ﬁ%?%ﬂb‘?ﬁﬁﬁ%?ﬁaﬁcﬁf‘?ﬁ BB ni des, fl uori nat ed
pol yi B des, po blymdlhgespmim@uer subrtyafe ool e bmatlmpct-p@bly(narpyérem’eceetsetr@ﬂ) ,

paryl ene e id@dibh QRS coHIkind TRERRRULS 2 Byl Jfafdleté%pﬁttmal ene. 11. The
met hod of claim9, wherein the signature associated with forming the trench

30 corr esponds Bng2 Pupity m‘%&pe%bPﬁhedWH atign gFycfuge. whergngronpef Wi t h an upper
surf ace obpehings arapssificatd io a subbtansielyusireight se; | t appears before, during and after
formng the tregpghneldy The method of claim9, wherein an analysis system
corrpargs t he S|gnature to a signature library to determ ne trench depth.

35 1315 The net Hbimsine & Phraliy of troiches dr e dpselption sfnciusosing @d@pficich comoledl  syst em
for ter mesAtréndigpdsiiened lbﬁ‘g&ﬁd semtaeftauy ktelghﬂaasﬁi g&ﬁﬁ@ﬁvﬁhdﬂ&nﬂg@ ahd1e det er m ned

t renCh dept h nggac Ol'lngn(?r 00|l'm§10n Op fre Cg‘astdsglgerns% tt%rO{nCtHf sys%rﬁltebryo%elnergﬁ)lt h Vi a. t he

cl osed loop fe Stem ¢ S\iher ei n

t he trencpigiuhassasiated olith fprnjing tdz@ trenshes eepmpying ther signawrd ta eusigaturedibyany ko t o
facilitat eeter{;,&etr@kmdpatdn@n of the formation of trench 18 2 5 JAN 2007 14.
The hod of ¢ in the scatteronet stem furt her gnpar es

t he égnat ure fjttg ggtwlﬁﬁgf'ﬁﬁélepfﬂ? 5 gF Ytk aﬂé‘f%‘t &er"éﬁewe{)trﬁ'ﬁt fi‘é’ Sand

t er m nat e &struwting theytrénbheetthr @ntedilersto whnginueaformiigsthe micltes ardoiptignalhf adjust o tencht t ai ned.
5 15. The @i bRd Bhpofilntl M 9, wherein an anal ysis system conpares the
signature to a nature l'i brary to determ ne trench depth and via depth.

16. A method off 'Ih?)%ﬁ‘F’ﬁ’d‘ea“‘HElhldeP&‘affa‘é’@@hé“ SRttty Fapee ebApBredsirengh depths,

provi di ng idne ey tiarakdictch EongblRs ot Ratéfotrhingdie frddclids pdnl ON St ructure on an
Uppergur face tﬁﬁﬁié %Qtrenches and via openings with a conductive metal.

17. The method of claim 16, wherein the dielectric material comprises one selected from
the group consisting of silicon dioxide, silicon nitride, silicon oxynitride, fluorine doped silicon glass,
tetracthylorthosilicate, borophosphotetraethylorthosilicate, phosphosilicate glass, borophosphosilicate

30  glass, polyimides, fluorinated polyimides, polysilsequioxane, benzocyclobutene, poly(arylene ester),

parylene F, parylene N and amorphous polytetrafluoroethylene.

18. The method of claim 16, wherein the trench etch controller and a trained neural
network facilitate determining if the trench depth is within an acceptable range of desired trench
35  depths.

19. The method of claim 16, wherein generating the signature associated with forming
the trenches comprises directing a beam of incident light at the insulation structure, collecting light

reflected from the insulation structure, and transforming the reflected light into the signature.

40
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the insulation structure consisting essentially of a single |layer of a
dielectric material; formng a plurality of via openings in the insulation
structure, wherein groups of via openings are positioned in a 15 JAN
substantially straight line; sinultaneously 15 (i) formng a plurality of
trenches in the_insulation structure using a trench etch controller, each
trench position®d al Jgﬁd“g‘ﬁ@ {16y y¥hergin e signsture essqciated Jith fopming the Bepghedt i g
openi ngs, <rrespérids to apaticulap dapthgnd frefilé asdviated @vith af upper ainfade@$ thelmbubgodstructure
scatterone&m%mﬁ%gLg&kgwmg%mqﬂydﬂ%%é%e@*g@@ture associated with formng the
trenches, conparing the Signature to a signature library to determ ne
trench depth, and 20 if the determ ne trench depth is not within an
accept @bl e range of desired trench depths, instructing the trench etch
controller to continue formng the trenches and optionally adjust a trench
etch process conponent; if the determ ne trench depth is within an
accept abl e range of desired trench depths, instructing the trench etch
controller to termnate formng the trenches ; and 25 filling the trenches
and via openings with a conductive netal. 17. The nethod of claim 16,
wherein the dielectric material conprises one selected from the group
consisting of silicon dioxide, silicon nitride, silicon oxynitride,
fluorine doped silicon glass, tetraethylorthosilicate,

bor ophosphot etraet hyl ort hosi |l i cate, phosphosilicate gl ass,

bor ophosphosilicate 30 gl ass, polyimdes, fluorinated polyi m des,

pol ysi | sequi oxane, benzocycl obutene, poly(arylene ester), parylene F,
paryl ene N and anor phous pol ytetrafl uoroethyl ene. 18. The net hod of claim
16, wherein the trench etch controller and a trained neural network
facilitate determning if the trench depth is within an acceptable range of
desired trench 35 depths. 19. The nethod of claim 16, wherein generating
the signature associated with formng the trenches conprises directing a
beam of incident light at the insulation structure, collecting |ight
reflected fromthe insulation structure, and transformng the reflected
light into the signature. 40 19 15 | AN 2007 20. The nethod of claim 16,
wherein the signature associated with formng the trenches corresponds to a
particul ar depth and profile associated with an upper surface of the
insulation structure as it appears before, during and after form ng the
trenches. 5 20
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