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WD 2004/ 015727 PCT/ US2003/ 025156 METHCOD FOR
CONTROLLI NG A RECESS ETCH PROCESS BACKGROUND OF THE
WO MERTI7CN The i nvention relates general ly to PEr/Osme3/025156

for nonitoring and controlling processes used in

fornin features on patterned substrates, such as
MERHOD FOREONFROLIINGA RECESStETCH

|nvent|on relates to apRl (?QEE detectlng an

endpoint 5 iii a receSs e process. Recess etch

processes a tor

devi ces sucﬁ%&@m%mémmy ( DRAM
and enbedded DRAM (eDRAM). DRAMs and eDRAMs store

i nf’be myentim relatdsigeneraly tromethpdador snonftating amt eintrolling

proofBBAGRA 3 Rt e bn PR Bubs Bt S e oo

substigtef NOrd §ReiCiBall)Zhd DK ERbnirblas Boh hﬁﬂfb@@oﬁ@é’fb&ﬁﬂf@ gﬁom’c
substrate 104. A colum of polysilicon 106 is ftorne

ih a jepess §Echdwessst.r ench 102, and a recess 108 is provi ded

~ab r 8

Rgge st Ft%h g@cg%ﬁg{g #S«f:)cﬁ It uf?ﬁlltlclla‘gﬁg g‘r?%mﬂ&?ctrnd%t%cé% 51%:9 as
dynaﬁﬁc raslomoack&s nadnsory IERPM yaidl enstesd JdDBRNN RIBRANY LEEAMS
S transfer devi . ces, above. The trench 102
and ?M Jigre frfermationgp infegyaied crayifsghatcaniaiucapasitatpt Figure 1A
ly 5 I

o TN PR et Bl obiE il geop
trenahf 1 02Hermedematpaft@ided semicypduecsdrIsybsiratet 1. ok delunmf of&ﬁ!}fsﬂlcon

106 Frmi e Gebamach | Thend ierst S BproddgLebmsct column of

polyﬁﬂ'&ﬁﬂ FI6. BhcGecess M08 May BOWRed RithAn 101 AN et eEnc%%hown) SO
shows the sem conductor substrate 104 prior to formng

as totiprdaty ébqapqu%lmpﬂi loélfmzn pimucRirgssach aS)tranls r deviges, gbdve. The

wendi 2R SREAY 120 o BP-A S bbbt B b G O pml e
deptlS bf the Qﬁnchil @ slgsitdliysev@yemhictdnd, deby,MtER] thy widHef @fe trench 102
i con _di oxide, and a mask |ayer 114, typically made

is tyHFalbi o1 tg 9rdsr of PR s adyanges Bisdnrdedh intagrgtipmieshn@agy, the
w1dth% ARALS! Ygﬂes(ge&e#a i bid %ﬁlep %%f é%@%aamibo 186 nm.

or e form r énch, an a
phBig(ureeBB showsathk sdiBondvetor sulbmratd HAghionitd forbﬁng the rdﬁqﬁtrench

R Sl e e oy At
subsﬁbt%‘I%@r h [‘O n%rﬁéélﬁierﬁﬁ'de%}%mb%ﬁ 4 MigfecRRA 115U ghﬁ’la%e of

| asma cha and the trench I s etched t
Slhc@x@@s@é mddenasg}q layer|1a9 gy gicalidmiad of silensutysker aihe

Af t er et e tr er n hot or t
semifrk i PR Te SR i & W e RO RR BT S THE! Betore
form®@1he HRALI b bred UNS of eleghbiitesidt itisk 816 RhB&: the GehdEREbe

102 and renoving the photoresist mask (116 in Figure

formpgys removed capsingthe underdying kapets ta becoms exppsasd The semiconductor

substrate 104 is then placed in a process chamber (not shown), such as a plasma chamber,

and the trench is etched through the exposed underlying layers and into the substrate.
After etching the trench, the remaining photoresist mask 116 is removed.

Figure 1C shows the semiconductor substrate 104 after etching the trench 102 and
removing the photoresist mask (116 in Figure 1B). In the figure, the trench 102 is filled
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1 WD 2004/ 015727 PCT/ US2003/ 025156 w th polysilicon

106. As the trench 102 is filled with polysilicon, a
whb@akei2pf pol ysilicon 120 is al so forned onP€TES100p025156

surface of the sem conductor substrate 104, i.e., over

the mask |ayer 114. Typically, a small dish (or

with mémﬂem 108) Asthe fieaeh l&apéﬁﬂgd Wﬂb@@lyﬁﬂ@on,cﬂo@ﬁmlf@g oppolysilkcon
120 14 {a{gc{‘fol a{i’ 5 gﬁ c‘ﬁ? %gﬂ%cg%g%"s%m%on%&of %'s{rﬁg 1611 ¢ eﬁﬁzer the

a recess in e colu

mask m@iey&s 14.i TopicdlBp aismall lcht(bledeFesﬂlaﬂ) IZMsdJ:h@&kletab@@e the
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opemggle eitipneh é@% @5 4 PONSGIPENER ? iﬁ B D095 c £O iafélt%ta giching of

a recegiglsnﬂig g?l F}‘C%glfc% PG’ h@%reﬁ&?f@{ﬁ e"’%ﬁg eBbE 1 rﬁfntIZO

is theakdmawredqont ylamrmd) ia® sho@fn mIFethrb abk e’lfheqﬂamulz@chmrfac@ 23 can
mved, durin

20.j F ) .
be progfian by 3 g1 e %%ﬁewhe%g@na%xeé el SpSiical et ical plishing.

It shoBfd PR thai A1l &9hly b Bsrﬁ%ﬁlowm m&ﬂ&pbﬂﬁdwdlﬁ&ﬁa (1@@111 FMgure 1C)
the trench 102 is ‘etched pr edet er m ned

may btepmvcd)dlﬁrmgﬁhc nEnpbzation p(oms mﬁ@upéanaezmg/ﬁbe blysaeet ofis

por SR SRRSO R TSR LB LRSSl RO P2

predete@mirdalzpibero fasn gleqesess (L0BIigHigRrd EA).t he trench 102
can be initially lined with a dielectric material 124,
s Ueons medifisatigas candieyaadeite 8i¢ seaieenea AL puscessesleseribed above

to orfiERRP b bl FOCMRD 0 A0 AR R Ootin o2

can beiniﬁail}ylsmeldl withna @rlecaiv miteriaeldK, suehies ad ddideaRolysilicon 106 can
| anar.i Lum_ of polysilicon 106 can be

then &t ealt%‘dm Tﬁ% ﬂiﬂ%ﬁ W&ﬁqpﬁ apd P 85%@ 5@1@851? v ljdy & previously

describ@l ThE bﬁnﬁét%%%ﬁysﬁm{n 4] H§§Q rﬁé%k%}%"i‘tl €4 BarPby f)l%ianzed and

pol ysilicon st for exanple. anot her exanpl e,
the clsms lobwolysihicen @Oﬁ eantbeGtchetl dowolta rﬁtvrrroa lipesl neséss (Erin Fgure

the trenc 20 can be.etched.to forma reces
1F). ‘1B phSockd PR Be 1598 iy Eis SR T8 s T e
anoth@f @&lail¢, a6 shaWhh B Figlire 13f) theSdtiina o1 pcﬁlyﬁﬁb&ﬁloﬁﬂ%él@énch 102
et chi n%fgrocess can be used to remove a portion

can be giched &1 loem e recasnd 2§-i Hie reaess 488 san then pe fifked withey @@@cﬁrlé

R e T

of the dielesisicmedtatial V800 asitorfofre helslectfiolindr (il 30 inhlégurza H) that

sen conductﬁr substrate, such as the bottom of the
extends partlydopay thedrenchy Wder  is a critical  dinension.

THHS$most E‘@%ﬁ%& tthetdé gt; s% s¥ rd BRI B1aREr RN {éﬁm Hane

to etch e co am o lcon in the tren
semi@otiiguesubkizateesich esithe dotters of gt slacmﬁcmlsrngslq Iy is amtitical

cimegigon, "} PETER il SRR AP gr GRanpIcR hE fgimn of
polysgn,%ﬁuﬁ ﬁleocfenbﬁ@o hdreaehhd BRI R débtht i eelryqa@éﬁalw hariB&s
etched is very tiny, and the 30 scal e of

factorsepalest thalenging &0 foma agerasaraf o flesiist ylepthiie &w tremch hEor example,
the oﬁén%kc gf & ﬂegﬁlsﬂéﬁgg%vh?& tﬁ’llé] $ecess will be etched is very tiny, and the

scale of the depression above the column of polysilicon in the trench can easily be on the
same order as the accuracy or even the absolute depth of the recess to be etched. Perhaps
even more challenging are the incoming material variations from one substrate to another,

e.g., the variations in the thickness of the mask layer and the depth of the depression above
2
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same order as the accuracy or even the absol ute depth
of the recess to be etched. Perhaps even nore
webaklestgi ng are the incom ng material vari ati PCEUS20031025156
one substrate to another, e.g., the variations in the
thi ckness of the mask |ayer and the depth of the
the colepnef pplysiligpw irethe frepgh. 2%&¢@1@?W@WU@%@@?S@§W@ be

o | ; SV 1 . "
e, BB R 15 R R o make
ther@?ﬁwlw‘ceis%qegm erm nekhow Lar down to etch the colum
o} olysilicon to e i red dept h.
Wt 5 derisf Ao R rarBTaog & GEEER STEPoRTLRIRg S
procegggy fﬂomtofiﬁ‘% the' B850 r@éeﬁ?dep% PLPGERSSINRY2deB Mt O] ﬂﬁto?sf@

ol ute recess depth that "takes into account suc
incorhimg neteriAd variatimmsni ng materi al vari ati ons. SUMVARY OF

THE | NVENTI ON [ i relates to
a mtalt Ihgde?f CEW%wﬁz\éﬁmﬁess. For a
u e,.havi r
T R Lo BB Bl R OB faforcess.
For 4 RLIACH e RABAbtERS halGh ©4 fbithnerainfant Stcotliniebmaterihl deposited in

surface of the substrate to a_reference point int eh
the trend)s theamethpg compprsesidstsrainiRea sk dmesiop frony  suiacs of the

ectru . j '
sl e AQRAL b lid EmBARL B Fectnc
spectr@hlogat least @ popsut sfithe afbstrite iphudingthe dfentlh @ospiting amedeled
as a weighted i ncoherent _sum of reflectances romn
net reflectngs FROGHERLOTBPOHEN LS SYRNRIE RS A HALBIEN FICORETER: SRt
5 4 i A . .

e GHRSL B0 - Rl B g e RRLBASL g
detetneihing Gtsencpaspaetrsihatpnaiddse ouxdehatch bartveerethe exdasurednet

oS UG, e LS ol o T B
dim 8{69 W onDthedBt W&Erspffhé BRHATBERerSh QIR O DBENGEEN a

nction of t st dinmension and a desired recess
endpoép bfithereasass ehprawess dse fnedtioned dee fist dimeapidn epnd Aidpgred recess

own fr f f .th 20, of teri
cept st Bodilp b RESsPaibiabn Sf M EoaTTor o e BB fme gotumn
of mhRYiENit0 hd &ldpbR$ istBacked®t hod of controlling a recess

etch process which conprises planarizing a surface of

a Hudndthesypepast! thainyentipmaelpies imymsthodew epntrqlHag a resesyfich

a cal.um_of .mat eri al. ' i . The;
o P Y SO BB 8t 06 g e
therdih @ﬁﬂh ] Bglgﬁmf(fbfaﬁﬂe@él dtejffi@itsdl hlsthe atach dlle methed éntder poludes

in the substrate after planarizing. The first . .
determinins Bt AEneaEiB AT £ B GE AIG TG e oL GFsacsRaint in the

| . c . . 1 . rhq d

s L PG AR AL P Bty ne
refledince gfccromarfaeleagiegiariion affthe sibspate inadwding thetfeench, computing a

suhbstrate as a wei ght i ncoher.en . .
modeled net reflectance specmﬂn o?‘%e p01gtlon of Ef‘het substrate as a weighted incoherent

sum of reflectances from n > 1 different regions constituting the portion of the substrate,
wherein the reflectance of each of the n different regions is a weighted coherent sum of
reflected fields from k > 1 laterally-distinct areas constituting the region, determining a set
of parameters that provides a close match between the measured net reflectance spectrum
and the modeled net reflectance spectrum, and extracting the first dimension from the set

of parameters. The method further includes computing an endpoint of the recess etch
3
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sum of reflectances fromn >_ 1 different regions
constituting the portion of the substrate, wherein

wao b@4nef’eect ance of each of the n different repdDOS2003025156
a wei ghted coherent sumof 30 reflected fields fromk
> 1 |laterall ¥-di stinct areas constituting._the req%: on,

procefistae p fineting of thedirst dimepsipm ard wdesire soeysdspihymsasired fpyp the
. . r t .

R S PASH S 8oL ATe R LA

endpoidt isxehdhed. t he first dimension fromthe set of

. Th d f i | ud i
o B¢ 25 BE BOTUGT A P e paiEspRpO g refess tch
procW%Qﬁﬁég%@é@straé ASRAS a ﬁ%nald&l&%ﬁf drfh QurhR 8f hdakestal

I'mension dnd a desired recess depth nmeasured fromthe
depasiédinghcenphi Mtheamdhed cimprisesidsternfiniomadfirstdimgosion fromtee

col 0 terial until.the, en ipt i.s reached. I.n
surtipgo B stpee S Efertihwoih FonE PR i of 3Rt ey fom
the Rif2&UThOSIYsRBe o b 86EFS®R oFtEd colimP bPEeRSal OTheXirst and second

~ multilayered substrate having a_trench therein and a
dimenslopsraresictemminedibyl obtaining ginesgurpd netiyefleqtancg spectyan of at least a

net had ' { 100N [ 1.St..di ' a
poref of 1 sEBRl B ERGHE e Fefly il mABDRecEncoiy
spechulSifiied poreiodl ofttesabnchtcisrensplnd fncoheretthmnsof feflegarmes from

the substrate to a surface of the columm of material.

n > friigferent sgions¢ongituiine thapaiegiodhs subirai determpuee pict of

obt ai i ng a. .neasyre t t
prs B} B0 g S B 5 S APES ARSIl Bhotum
the hb@Md et Rttt Shodtrimgieldskiaeing thé fies thad seond danérsions from
of the portion of the substrate as a wei gh

ted,
the sehelonerrarierss dhe srethast fusberinelacesiiopputing at endngintod therfecess
etchgog%ggsna% LRSI (ﬁ:thg grstt Bed MBIE& Githeld ioh@&cﬁ&@e}ﬁx@@}&%s depth

rmning a se parameters that provides a close
measmtd frolehevesferchbéepoimteadreedhingatowrefrdbract sanfaee sfibe column of

and the nodel ed net. reflectance spectrum and
mat%ri@?f‘%tblttﬁ?@mfm@tf“?‘ieg?hegnd second di mensions from 15 the
setrhde A8 R Sres dREadVRhALS, Jruiid MQEntioAGKUARSdiscussed in more
conputing an endpoint of the recess etch process as a
detaflin greifoliowingtdetrileil descrigtion ebtbo inyeniioreanst igreoniangtiop with the
folldeSi%‘ed recess depth neasured fromthe reference
(bvgfl% 1BUE et chi ng down froma surface of the colum of

material until the endpoint is reached. These and
ot her features and advantages of the invention will be

di scussed BRIEDRESCRIPHILN Ol THE PBIABIHNGSdet ai | ed
descriptiqn of the invention and in conjunction.with .
¢ ha e e R F PR, WHEP EADEISCRIPIIN Y Gijmitation, in the
j .. n i . I . 0 Ik& Q . .
Bl ARG P A0 A8 st
elenfidntp, pmbinawltiopanyi ng t he draw ngs, and in which |ike

referen unerals refer to si.m.lar
F?gure ?g slﬂows a cross-section of a typical s&)rage node.

Figure 1B shows the semiconductor substrate of Figure 1A prior to forming a
trench therein.

Figure 1C shows the semiconductor substrate of Figure 1B after forming a trench
therein and filling the trench with polysilicon.

Figure 1D shows the semiconductor substrate of Figure 1C after planarizing an

overlying blanket of polysilicon.
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el ements, and in which: Figure | A shows a
cross-section of a typical storage node. Figure 1 B
W@ heMe137bEe semi conduct or substrate of Figure 1P@IT/p$1003/025156
to formng a trench therein. 30 Figure 1 C shows the
sem conductor substrate of Figure 1 B after formng a
t ridgwng 1Et3|h@W§ﬂW sgpdcqdpetongpbstiete of Bigure 1B afier forminga trench
there LIX?IF the h 1@% §1egegtr fl‘ﬁé@@rl&l hﬁldsfﬁmlg ARAHEE Hench Wlth
substra I'gure af lanarizrng an overlying
polydiliconk et of poI ysilicon. 4 WD 2004/ 015727

PCT/ US2003/ 025156 igure 1E s m conduct or
%g{lr,eig éﬁB‘st P?ir?ft?ﬁ%g’ ‘if”céf’ trp%q?}ﬁf,%gxge ench therein,
@jﬁlOWS &netesvhabdved &i)'hﬁn? &t ﬁdlgs inSihilattench fifled w1th a
|ng l'ined trench with Icon. Figure 1F
dielesthomt@ua&ecess formed in the trench of Figure |.E. 5
ure a, recess ahovye.a col.u f .
g i S Bleaermne i 04 Fites Pl PR ning e grench of
Fi ulrgqt(,erl al. Figure 1H shows the dielectric material of

ure 1 Gpartly lining the trench of Figure 1 G
ﬁgur@ 2is age@ﬁrglezeérsahernz@@ of efikimedilincstask. a thin-film

st r0SS=S

At A R RGP U RGP IR e
p amlgeﬂem@khwi@ :ﬂ&d pdtenedd sﬁbgtateeot%gﬁb \zlAddmldlea o trwd laterally-
| at eral | di stinct areas or thin-filmstacks. Figure

distirgtareppichin-illat stagksance nmodel for a layer interface.
Fi a single

I a}%{“f% 3@@%\@81% %S{ Ig ?%Jd?g%?\a} | nftérﬁ{]e patterned
s u]bguneéﬂ)ss}mlmmeﬂactﬁm@un@iemm aEn@ﬂn’ ley&A shows a

ces etup acco n nbodi, ment, f an
P EeRennS o 1 Bencoins Pl Gy Bipiantom in e dtads for
C O RGUANChoRRTA b cds ShiHE AGBrdifd tobfm! éi‘l’ilﬁ)%hm%toq an invention.
according to one enbodihent of the invention. Figure
ATF 1garealﬂB xs\aamemwobf appcesdascollectingatormiahigcidensancBectance
dat reflcﬁ nce trurpfﬁj??to nodel ed refl ectance
ata aesertpE, Oé‘&? e 8T BN ERH8Y ment of the inventi on.

Fi ﬂr@ﬁ@ HADsiaf o&e@@dwaﬁé brocekS BbiChhoBingd ni¥RsEHd eflectance spectrum
reflectance spectrum Figure 4E is a schematic

to megehrdaeflerionse yperatuaraqcerdieg toame embpdianant af the invention.

Figure 4D is a schematic depicting a measured reflectance spectrum.

Figure 4E is a schematic depicting a modeled reflectance spectrum.

Figure 4F compares the measured reflectance shown in Figure 4D to the modeled
reflectance spectrum shown in Figure 4E.

Figure 5A is an overview of a process for detecting an endpoint in a recess etch
process according to one embodiment of the invention.

Figure 5B is a pre-etch model according to one embodiment of the invention.

Figure 6A is a pre-etch model according to another embodiment of the invention.

Figure 6B is an overview of a process for detecting an endpoint in a recess etch

process according to another embodiment of the invention.
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Fi gure 4F conpares the neasured refl ectance shown in
Figure 4D to the nodel ed reflectance spectrum shown

WO pookiogIee 4E. 25 Figure 5A is an overvi ew of BCPUSMEY625156
for detecting an endpoint in a recess etch process
accordin ﬁrto one enbodi nent of the invention. ure

]@E AILERIRESCIR BN QECEHE BBEEEBREEM MBNTS

i nvent.i on. ur.e e- et ch nodel
Eob e E et B CEibal tbtAilnic FheReeioa fop, preferred
embbHEnes, 8SillustrA6d RMUEE ‘déc%\‘lﬁﬁafl iftg Hfﬁﬁﬁ%s th e % E@J‘Iﬁé J&c@ﬁlon
endpoi At in a recess etch }6 process according t
numgrass Kpgciendabailsrase set dorth ineordente pravide a ﬂﬁrmmmemﬁg of the

i B RO OZRASE RETALLED. LS ETLON, CEE iy o

pracdestwithed sbiie GL41a0T thekd dpetifit Ae@IE CInt Fthed ihRMMdRS, /FQI-k&Fvn
enbodi rrents as illustrated in_the acconpanyi n

procgssFns gad/or feafues haeyr: pehbasy daecsibed jpt degail in qrdmtp @@g

nS e ovid
oSBT 8L 8 S CORLOLM QLALLM gy o
bettemmdexewbd vhth\mefeeafnce ltcothe rieaveikizd duﬁlcﬂlsdmsélm taatfollbwat the
[ cticed without sone or all of

t
¢ he B Hlsvp%gegﬁ? fé’V’dléf R ot and Tekiahls micthor Avtcdsiermjing aR gadipint in
a re&ﬁ@@t@ﬁ Ero%Es%P The g&yﬂ%’ Jﬁﬁ’é HiERidA%E bR Vl@e?ﬁgtodt%x%cﬁl??g gteps.

in detail 1n or to not unnecessari | scure
In onewrendimant, ffhéirﬁtesmpunelsdamﬂtlmdmma@;msnmmg @naterial variations.
i nven on_m be be under st ood th referen eto
This iR ﬁ@%‘y%falsst SErdlas R o witstiocsi Tesg laver
thickRYRBLstAHAnPEteN Héﬁﬁﬁs @and ?Q:Hﬁ&n Mtoriatdial be tHEPstuBQcijaté Bf
determ ni ng an endpoi n a recess etch process. The

diffesencadin Wenr@nsm&m ang substrateeto dnothee dltierfinst steyalimysothe

d f
T R N N -

The e&dohdate Giiledes psing FRQRS 3t asilt-GavilaidtRit@fGomsts fo A®nitor the
|fferen s in mask .| ayer thicknesses, starting etch

hiag olfherasess: (hhg ﬁntsﬁaromeirmr@pp@h Gectiomenethpd invalves
t
detegﬁlnglt%rtg!t: gﬁltﬁg&;bﬁgﬁ%%ﬁ rQ%feﬂ?(ﬁeg?lp ed)émge{d]qjg&ésg ﬁﬁ%th The number
of fribeeecan eaddtaomindd dacherawhsaloetie absolitccwadrtichl dBnaiston dffthe
the colum of material to be. renpv e second step
colupin f rpteriah &9 beyremyayget and 58 sting o I%FF@HW
| NEesf s RFTh¥nt! Be FRRIEOK udel %roaﬁﬁéﬂﬂ%t&@ét&ﬁbﬁg t(PéStl ?e the

recess. The interferometric endpoi nt detection net
mconmg;me‘@gal deibens. dhege embodimehi theahethod figestimedng the (ﬂncomlng

t he esired reces
matcy 3 LEBTBnt IS pR88 e Eiring S RoReciRS ane o, e FeniBabiior o
substtetet Thalphglicat palapietedd of iRtrest e Wsimakd B Lk dlahe 1R R&isured
renmoved and the starting etch depth are known. |In one

reflegiapesiinestium tq s eadalpd feflestange epechvmad Hrerneniedndactoo sbsstrgte. In
accokPinbS WithBLE emBEdiment of the invention, a model for calculating the reflectance

spectrum of the semiconductor substrate is provided. Advantageously, the model does not
place any restrictions on arrangement of features on the semiconductor substrate, i.e., the
model is not limited to a semiconductor substrate having special test features and can be
applied to a semiconductor substrate having a complex array of random features.

While not wishing to be bound by theory, the inventors believe herein that a

patterned substrate can be divided into n laterally-distinct areas and that each distinct area
6
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nmet hod for estinmating the incomng naterial

WO a004@1370ns i nvol ves neasuring a refl ectance sSperuUs2903/025156
of the sem conductor 25 substrate. The physi cal
pararre%‘grs of interest are estimated by _matching the

can

as pispiERNiG MemogpRsors tin-fibm stagkgBpiadfustration purposes,
P8V ATRS B SHEL O AL CORMS o UD 11 208, 0gon
substraigdhyef @08.c Bbroaxhmiplen thetlhwer 262 ket o aeade 9 poltysnlmmfthé hager

204 [S;qe,].gh Egnd ¢t géggql@%r{%: ‘glgi X gﬁé%’ L Sbe fAr}%\ég g 88# 310¥1de and

the 18dr 208 858 Abe Hadt %@EME&% E&htd?%hesﬁyérg 96@' %140206 208 has a
substrate, i.e. 0 nodel is not [i'mted

thickeess (t)o A defeactive S@bs(n)aurei mmntmgtlcgp@mffmlent o) R@hwtﬂm%

meaﬁlg%rpc (! %rke):ggfﬁ,%r’i&)% llgqqplgyn% Fheecgfﬁdtglmd .%[ o{ﬂﬂeag %gt ; :iﬁtnémﬂ%)(ce with a

lighteaii 209 dndl cBRedpay itk Ipsht bBAANRY1 rdfieted M6ANAIBS SFold&hé BVEfIm
herein that a patterned substrate can be divided into

Staclﬁ2@(2atléqranorlyaldm@flﬁrrc@tre%@%et% thapsnonsaefandisetrome thogrogeneous
tin SR Rl o B e et SR b
subsirhle 290 rcat be asspmeq:b ﬂsh@ze a rioinginaly pblsfansn-dndepemdent tefflectance,
tack 200 a stack of three-fil ayers 202,
Whl eaﬂ?’o%mBE tﬂ%&‘ﬁgﬁ"ft%(@’aﬁ%ﬁ?ﬁm QE@.@ “F‘%rge -exanpl e, the
I a i ohed .
oG R e G R TRE fol QRO S ok {enb i RS corklifhing
the thim-filmdstacks agd difteoencds ordiciights afittie Shiv{fdml smpks PaSilogration
be de licon. Each of the |ayers 2, 204, ,
purngis! Firecs A Bt s Voies cross-FaRp et § DRicRRaieTrechsubgie 300
havifd) a @aekk NSt 90D, ﬁ@@ﬂdb%@pgo:( kohd a BEbuRELIBNEB06. A trench 308 is
nmeasurenents are nade by IIumnatlngt e thin-film

forme e thezgbsteate Hiorand) ﬁlladom&emdﬁmmmmﬁ 8. A srgaii d@mamcmc(gr dish)

314 Fehl T R o b PSR s o MR PR R

consE:@tﬁdneé: bf)ﬂlietﬂlljng prbeesk Eﬁcpplﬁﬁﬁlzaﬁo@prdcsssésf OfigGre 3B shows the

r%u‘%neous thin-filmstack
pattf‘;slaq staate 4P divisled dnfadwe latq’fHHY'ldWéﬁttaé?@ opghipdilm stacks 316,
t
S8 B i B 2 OSB! etk A 22 BRCUIRE NG SR, ndy
subsgatedayey peitmpl3i06a.eEhd thén-Gbmptatlas 1 imeludesthe coRmaf oft godysilicon

nodel .. The main fac defining | ateral distinctness
310%‘?Cga Elqu?r%treé?y@égomﬁnggéérs constituting the thin-film

St T8k fefRAMANEY éfftﬁé ?:ﬁfe@ﬁed b RLHIHOPisQf cobdbEndidh br il Bflected
stacks. For il rati on 15 purposes, Figure 3A shows

ﬁelda fronaihs \ﬂelnsf'dnmtayks 3@l Bod hoteftectegdfietdfor p@uvwﬁhmdﬁlm stack

o 3 R B B o S L,
settlﬁgDﬁﬁfEﬁH $dlvihB e boulBky ploBleadOr Wnekid Fﬂe@&l @% aﬁhons For example

l'ysilicon 310. A small depression (
using 8 Fovael eqpations, thwﬂ@ﬁtafl?ﬁeat@damﬁntewfaq@dﬁ%m lﬁg@w 3'33.1)01s|gmven by:
the trench 308 as a consequence of the filling process

andupighé&?_zati on processes. Figure 3B shows the (1)
n, +1n,

The reflected field for a single layer (322 in Figure 3D) is given by:

i Agnyt
Ha — 7€

Py = 2B )
123 L iddgnyt ( )
14 n,rye
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20 patterned substrate 300 divided into two

| aterally-distinct areas or thin-filmstacks 316,
WR1i®4/0T4127 t hi n-fil m stack 316 incl udes the nmaskCT/EHy®N3/025156

302, the oxide layer 304, and a substrate |ayer

portion 306a. The thin-filmstack 318 includes the

c oRetuming toBigysi 3B, darthe fuPosasdf aalculpting ntteellenyance of the

parteld Pl S0 S RiEt i ARG rackh 2P o F By be g some. A
layed d@lidsr Jab@ih 308 id 4aided fd thetsy Graks calddn o bBlysilidén 310 to

reflected field for a given thin-film stack
compensataiferthe diffsyense jin hedeighisotdhe thiliimistacknylio §1&nd
polarizati : L .
SO AR 5 b s A, 4t v
of fe@fikal doaftiutii®od typicahpdi@rneduabsigitd; tigsmebctedifields fom the petterned
reflectance at a_layer interface (320 in Figure, S%Fis
subsiypigare Wkely tpaddpohereitly pyer spre regionsiidhe paticar pnehingphsrently

T Y
contAButionddf ARQbherth? InFGToHBR O Johtidcsdiel dRatoutdivarg as a function

Figure 3B, for the rposes of, cal cul ating. net .
of freqsppase MANEEGH: %oh@% S iers Sl CprePand e ppfal area fractions
) RO f i ! ¢
oo RSN Sod6 VAE L BRACS 338 n3iR bt
stacl bgpvedfech balculatednthe nét rpliéotaick ifmoma patfernal substmgie naabeecalculated

for the difference_.in the hejghts.af the .thin-f].
as 2 yeigHeS Ipdiorept SOt IleCtARYAB oy & ChSprpn s it ffae the
pattghven the wide distribution of the lateral extents of
eatures constituting a typical patterned substrate,
t he R efd €4))ed, fi-ek dsl, § oy the +pajtigy Bd” substrate dBe
likely to add coherently over sone regi ons of the
pattheraR anidhe naicoflertante inyeasweéyrE; sunthbe dndiddual dngabarently adding

he pattern. The inventors beljeye.that the | ative
feld5reE A P G fre D BERCREASIg: P ResHeF el ehhS. The

C ined fields coul [ ) .
use 6F 021 Blnctt S BB o0 o DBt 1 Be BBelingyfomain
notatiBh 5?@1‘8%&%1&@%1@%&@& area fractions on the

patterned substrate. Thus, once the reflected fields

f r dlacle aclividuad tncoberently adding termdn equatina® abeesmcould be the

T A AR SO T SRR

on tBaIEa_fateef | ectances fromn different regions
constituting the pattern:
E, =0 (4)E, + o, (4)E, ++ + (4)E 4 4)

where o;(A\) are the weighting factors for coherently adding field terms E;. It
should be noted that in equations (3) and (4), a “region” is not the same as a “distinct
area.”
| To further illustrate how the model above works, consider the patterned substrate
300 shown in Figure 3B. The patterned substrate 300 has been divided into two laterally-
distinct areas or thin-film stacks 316, 318. In operation, an incident beam 326 strikes the
patterned substrate 300 and is reflected, as shown at 328. Figure 3E shows a top view of

the patterned substrate 300. Let r; represent the reflected field due to the thin-film stack
316 and r, represent the reflected field due to the thin-film stack 318. The inventors

8



10

15

20

25

R=wl (20) I El 1Z +w2(20)1E212 +...+wn(a0)lEn 12 (3) 15
where Ris the net reflectance neasured, E;, are the

wo paiewizieal i ncoherently adding field terns, BEMUS2003/025156
(Xo) are the weighting factors for the incoherently

adg*qng terns. The _use of | E;. 12 denotes the .
Propegg iRty it there in @ region pakovarlepping the bpunderyi33a dawrvrey the thin-
i ' . . ' ' Iy, ch
i 5816, S O o SELLATIARSY! S ALELE AERIH S en
1> woathibadsl cobetedtlp betanse lataril ghitrfeteneadfiecenThs wefleofantd Bbahsthe

o3P B G i) LSk 0SSR e
from the thin-fikn 6#6k 36 6Ky (4) where a;(Xo) are the weighting

factors for coherently adding field terms Ec,. It
s higameedyatiem (3 dthe heitrellertanga ditinoihe peBYrnechslibEtdte 340 is:

"region" is not the sa a "distinct area." 25 To
fu?ﬁher—“ﬁﬁ@s}'r%ssg F‘T&Wr:‘t(e’?’ng?ﬁudgl above wor ks, consi der®®
t he, patiter.ned substrate . 300 shown in Figure 3B. e
oot P Rath 4 5] SECIB0SS 1R Tifomey P0G Bip Hoss are the
individiaPiabhefentBi SldinpCiel @Fef@s fidi thBkdlibdsl 30533 kpSkely, and
318. In operation, an incident beam 326 strikes the
wiso(pat Wew@ed agtbs weighting 6rtarm foritke inebharedtbohddams tshosmFram
. uat3284 Ilj%?u.r'e 3E shows a top view of the patterned
q é(fﬂ:)(st)’ ©5300. Let rl represent the reflected field

duegt o—the yehi n-fLlymspack 30 316 and r2 represent theg
refl3é°cttg§ ?)itéfﬁd %ucgmt@t)tﬂ% thin-filmstack 318. The

| 1Ty stiduld Be n&ed\ PR BP4sQ], T, %As BCIAIRED O Q@l@v\gﬁtenﬁﬁ PRASH).

herein that there is a region 330 overl apping the
Thusygayatien (0) 3312 bpegwaiten ashe thin- fil m stacks 316, 318,

dermmr cat ed hy, i naginary || 334, ere the reflectio

£1 os oY selded 1Ty ‘ZQ%HWéé%&ﬁ%éé‘@%ﬁﬂ%g&dse of )
|ateral interference effects. The reflectance fromthe
region 336 outside of the imaginary line 334 is

exXpfatiets (39 ahe(4 peovide 4 fpli '
t hi_n- fli I m(th ac&égg)w onl ﬁ. Pﬁggénﬁ%gﬁgﬁ%ﬁih?%%&e{nﬁgﬁﬁgﬁ

patternsd pekstrateccanioe panieéerizad réthnespestib seveaalauatics of iferggigsuch

e LRI 08 bR e e
normslibeideateare8&AomEBBEs a fedfiqwy @r iitesuringdeNécthirt, meaning the

|n§o erent|y addi né; field terms fromthe regi ons 330,
patterpgg subsba|sds fliupaingted by a begip Jeridanf nowwa 6y the)subsiate andeonly the

i LR Aoy ke LOBYAOESL 5 N0 s
colleet¢d.- Howe ) ESadse(ahnge of orientations can be seen in any pattern, not all of

the light striking the pattern will reflect at normal incidence. There will be non-specular

reflection due to, for example, the depression (314 in Figure 3A). Reflection losses due to
such non-specular reflection should not be ignored. In an embodiment of the invention, a
scattering loss factor is applied to parts of the adding terms in equation (3) or to the entire
reflectance in equation (3). The scattering loss factor could be a function of Ag.

Figure 4A is a simplified schematic of a system 400 for estimating in-situ
incoming material variations according to an embodiment of the invention. The system
400 includes a light source 402 for generating a light beam, a spectrometer 404 for

detecting and analyzing a light beam, and an optical system 406 for transporting light to
9
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It should be noted that E336 is ri, E318 is r2, and

w330 can be rewitten as (1-WB36). Thus, equation (6)
w@andbeseew i tten as: R300 - WB36 (20) | rl1 | 2re1/IS2003/025156

VWB36 ()t )) I a(lt0o )rl + (1- a(20 ))r2 12 (7)

3 4 d lified node
ond RS PR B FUBE IR AmBRRsheee a1 | Fexcrxampis etcatiealsystem
406 @BulD MANRL I é;&ﬁgl ﬂ%értll ﬂﬁa{;géspbﬁ @i’t%%t ;if@% L{r§es4d&f toa

i nter est, such as ness an
collimager Adépwherelthe mihmatdném isendynte¢daboive deniarof08y sgban optical

o LASPIRTE FILEEL A 47 SlSoLL e
semivoh@ict@tsabitfatd 41 wmﬁtﬁﬁ@a lﬁgd@thé %%Eeké"&iaﬂﬁ’)@f 41® fﬁ@%woﬁ&)

the substrate and only efl ected norma
obsquag dheavendtoa, the detsils eﬁtile @roqesseng equipyers pecndtahéwn. However,

t b
R R e A T e
the ead‘,ng)f Fortek@mipleg iftth tockds i1@ BehBrmed Vit hihsial ehchi®f HRGubatate
nce. There w Il _ be non-specul ar

nor i ncid
418 wop fP%Wta(g%n g ghugkdpotsaayrp) B the peocesshambeiohl O 3adithien

t
appropHE SqutfientTSt Lih0l S OPRGH, MBI R oSS 1 1) i
enbodpareiin, afpradess nnmhﬂa ui@athat eontiHiAirbedsking of deSemavhfictor
terrrs In €eqg uatlon

' li t t f t ddi
o 208 e B AT Rk lfr i
sourdd\ 08 CW%EﬁfHeﬁ%hlt Q&frcé‘ @(ﬁtlg’ ﬁlgg‘%i'gdd 1t%@n€'}?tfeyg?1§h?& 8@10% is

Figure 4A is a sinp
trangporte@ Hropyght the gpiural ﬁlbtnﬁlzutq tendotigmatat ét4. aTha/@‘elraiinlg@VF&elength
ntion.

f th
band] &C‘ eﬁgﬂ%a @e‘%ﬁ? bﬁ?ﬂ@%ﬁ%}éﬁl ;! EfefSS?Sltjlé‘FVeﬁoé]ﬂff ng

paraﬂle’[erfgdiﬁ 1n’&%$l‘ﬂs I@lg‘ﬂ@&féﬂ I GeEdrElly 4R4kihe! a bl‘éﬁ@l&%ﬁg@% ﬁﬂge useful
anal yzi n%l a l |q?ht beam and ‘an optical system 4

In one gxaEYR: thegayelegisth rapeoofime Helgss00ms 192190 fo 1000 nm The hght

beanlrf)> %I%% iéelggc%c ﬁé g%lﬁilrggof (@Qgpassreg )[%ﬂarﬁ,p@o he Pﬁg 4(98,( ?I]élaﬁ%‘l Elgee%bstrate

418 difroalindidenel (e callingén 418 collehe thedibdt bhiat 426 ﬁyﬂ%&@dt s

li & fromthe |I?gt source 402 to a collimtor 414,
normglg pirate Al %t newmal incidensat dhe seflvtedilisht peam 426 travels

to thé %ctr%ﬁféte@ Br051? Rlrb: %l thig?glk?&'i ﬁﬁ%l? 1;62 géhte sé@dﬂ?ﬂ?e%‘f%lj_)hlaﬂggzes the

fromthe collimt tot
reflegtedilightiehant 426 sndbehdsadatn @msematmwfttmeﬂwm sbB&rum of the

h b th
Subs&ﬁt\?%:i?%%% cg}inﬂ'étefj‘é%gfqr g’o g’??i“&?oi gg; : 28 eqﬁl pment are
NOThé bstpute 8EMEludes d thoddl lbr &fcu%%%%@ec&ﬁc@ Bfa g{lttcfr?ed

ordinary skill in the art what equi pnent IS nee
subsiseles ehas suhstratedd 8nand aontinedhatseerches for heetraf pemmeiaizEd

e TR R L A S e B ettt

the nedasurbé rem&nc@mctrb@ rd Qi v Y 2 EHeAp Bt RIANIENTRIAL TH Bhe
generating the plasma woul d be provided. |In operation,

emb%h‘&ie% theseash Gpeingana poprliness segressiongpoiduss Howevet, ot types
of seBfe M-SR BE as multivariate regression analysis or neutral net matching, can

also be used. A model for calculating reflectance of a patterned substrate has been
described above. The set of parameters obtained can be mapped to several key quantities

of interest, such as mask layer thickness and starting etch depth. The quantities of interest
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substrate 418 sends a signal to a data collection unit
422 to trigger operation of the |ight source 402.
wOb@a/o13127 | i ght source 402 is triggered, it QePEr/HSME3/6R5156
light beam which is transported through the optica
fiber 412 to the collimator 414. The operating,
can then/sl usad tndeternyan an grdpofis in thgrecesnelel arogess, aswilkbefurther
o) i.p the region where sensitivity to the
d““%%?ﬁ%%‘@rs of interest is heightened. Generally
s peightier® isantoveader of apgeedsSonarlectirgefiarinal reffleciane data from a

i SN EAS B AT o  LOBL SOMESE e
high-gtaél:nk'}@ﬁ&'ian%éé n:i’laei/%ﬁ%*ntg}? g%égﬁbetdi'%‘i idantOBkgRRAd light levels

es the substrate at normal incidence. Th
such@e tHei empisHon &drh cbidisauslashra. [Atdgha sty afithe TBogess, (lecnreerss

0 rmgl.ly fromthe substrate 418 at nar -
modiln ¢F ALfdiete i Tubige T e hite abaR G Rl Ban i Fieps 44
about R&w IRECHEQRBatAbuld BedbBcté M endlibeadd (4BDRT FétRample, the
The spectroneter 404 analyzes the reflected |ight

procéss amdaiestels theglataieoligetion oatplawdiihe prmbeint refiectance spectra and

refl ectance ect.rum h
the 15 G R° 5 PREE WPl R p PR Erdeiol Rahogyls i
gived fhe ldaghesllactidntrbDinitabaeligi reflgctiiel spedtame eyitally a bare
patterned 25 substrate,. such as substrate 418, and,[%e bare

silicoroigtipetaneerrpectauny fonedibrgion ot hamersuisa aiediance SeeFia-
silic%@?@éﬁéeésp#@@%m N Qleles Pﬁ& @%&a&@ém@ﬁfe%ﬁbﬁﬁa'{é’."e%eﬁ hR data

ance spectrum the neasured _
controd Ebléetian centsql emitrrecnives Grsirvetibrf toctart dndlesiirdata it light source

404, In e _enfodi nent, th arch _routine is .
02 Rl 80 UGS B AR F e BB VEEh B ERereq fgke the
subsBhte SERY RO séé&%hfé?e‘i (468 FigaRe AN EbIVRES RStk dRRSkEN the

anal ysis or neutral net matchi ng, can 30 al so be used.

substratet{dad). flencthe tightaoireg is wied ofbansithe reflecisace datpisgollected
i b SR T DL R 50 RSP TR B Rlgootomecrs

due %@k@%&hﬁé soubes] §licAra8 Fom Saiia @8ishBAK ahdyekectohheiks) €Flse next
and starting etch depth. The quantjties of interest

step joto\sob e Aiaredrgtanqecinta shmns) g stepsig4 frofm thefsHlegiancg obigined in

t e ] %19 i i etch process,
Stepg’gz\?\c/l’ {efl{%rvgqﬁeur ter B edgghrei%g%ggglﬁcgv&vﬁﬁsgure 4B is an

ov ahy iceme@td mfletanasspettam saldrmealizaddynobasaline spectrum (438).

reflectance%ﬂata from substrate accordin

T it O EeS T HifEe (ITREREIBRE! ChTEIGHGE SPuaRes pest Lollected

| (44dt) R BY Bedred nﬂkﬂ?ﬁr GHRAE YNE]pLAGIRE 66t Rdell Q@iﬁe&é’d@ fhel $stem

he presence of significant background |ight |evels
retumis et stap 48 hend stags caiectingdatafdrand flo¢tameeespegirum (f2). If the

Start of th rocess, the process dul 420
e EPon T PR TEE HRERCL O [l R KURE A GTe b p average
of tHetdAeétBd FifRefa8cd dectr@Ribiail aiatdiggddchbgedliasd gelidttace
shoul d be collected and calibrated (430). For exa

spediven (49¢d c Blasavenaisl geflasianee sisetraatiasebiq B CPBRUEDH (ﬂ%gﬁ Figure
4A) lfgrl rtnattcﬁl%g%% & rr?(gde[ 8% thmg AT (ﬁfﬁptﬁf?er @ijding the averaged
reflectance spectrum to the computer, the system waits for the end of the specified length
of time, after which it terminates (448).

Figure 4C is an overview of a process for determining physical parameters of

interest using a non-linear regression scheme. One objective is to quickly reach a
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10 the length of time for which the spectra should be

coll ected. The process nodule also gives the data
w@oiokeec’eon control unit a baseline refl ect anckCT/US2003/025156

spectrum typically a bare silicon reflectance

spect run} for calibration of the neasured reflectance
conkgygrd geh of mramptisr alues by wesmestells stenpivg thpparamgier values in the
oo A P pREREEL Aol IR (RPN S el AL Pl o st
of thewginFlireiat fegrdssiontadallysie,ahe aai-limgr daltime rédedvek ugditinm0s1(456).

15 (402 in Fjgure 4A) is turned on to generate a | ight
Theiserrifowth inckidedniiie} gledse o1 St Pt pasanpigrs 1o s sletermined iq

4. ] ' ol 1 :
e e BTRE S i e ol Sl B R epoin
roufinegh¢n elgains ¢he avetaged evagfréd mhdctiine spedtivae (4620 Ndat, thei s

|| ected [ 434) . .the |ight [
modera gl ee i fralepialiiing Byebdts G RaH @S md e iniga
gueSHd§ (452). DBR:D HRUH-BIAF F2Possion EdUtims id hisRAt®LASMBe increments to
em ssi ons, and detector noi se. The next 20 st eng isto

the parbmetgrs intekpations |(2cans(d ptodeeve dasentotbel best neatelpbet@den the

f t fl tained, | t 432 t
T T R R
pardiRetére 6t Efhakiehs G0 bad ¢ SPBE keflodedTioy, iRl weigitidpyfadtors w, and

basel ine spectrum (438). Then, the system checks if

the couplide Saoterd onwhirbrean e fafclions efibe frspepace avavalsngidet.

col.J.ect ed 440) ., LI the. desired er. of refl ectance

S DB SRR wasther it 1 sk & A i S ¢ i Souen
to be@eiggPle 48R)ANPths iddréBe@Ohie @6t 4rigll Safugh t®be ABKIMNSE, the system

refl ectance spectrum (442). If the desired nunber of

increpents theavpbeesi dleg paametsrsyde) apd roters dolstep Hé4 &g/ recalpylate the

. t t
moSRIREAES 8 BHSHA9SinE 08 G SEL B T, RS G
smalpRotighio ‘tl(qeéhib@)igidej eheesyetéeggmﬂpu;sﬁiee@ﬁmﬁ) parfametet wln.bﬁ @64). The
sent to the computer (4 in Flgure or mat chi
Phyw{ﬁrpaf%et% @i anpeqestt%&@a GxiFaciaddTom Al optimal parameteriva ds (466).

. : r
Alﬂ%(ﬁlgh AUELALE ré%r@olfs% '}Iﬁetqﬁsgﬂgﬁf (P)e}?:%fv‘é& ® &6 45¢aco FEgn‘{ﬁgfh

system wai ts the speciflied
infapiatiomahouahowrto wihdivide thetsebstiateaintslatedal §) distiicy areas diGhirsfilm

n avervi ew of .a process.for deternni ) si cal
stachy, ST S aif PREE Bl hgPE R AL fach SR i3t f et hpt the
reflSGEEREIds 6Vé1chhiBG1hY RadkSoah Be BMbEIkIeY, 4s8R6H 0I5 deddibed.
2004/ 015727 PCT/ US2003/ 025156 converged set™ of

parlamee embedinens, thy invastiarses amogdifipdespionyof aveon-linear

oAV L RSB SR 0"

acchlateDf lobate Dbtifral valfied dfdke @hralicfte ABluECYHRIBE ifQIn Hedhyigl Suesses
the non-linear routine receives user inputs (450). The

of theprampistiv alups chlifersghnihe Lavengeresiariupet Gompspmise technique is a
pref%@r%@é@?@h@g}o%éﬁ?&ﬂ %gspﬁgas%%lgilv%%ﬁg %g?&sfoﬂ%nqlﬁséis and neural

spectru spectrum
net appreohdheg anay gy bs amployed touwdkirag patmmetabbiimaetthe

A R e alE Bow the nbs liheas regrcesionworks, Fire 3B shows s mheasured
reflectance spectrum 470, and Figure 4E shows a modeled reflectance spectrum 472
computed using initial guesses from user inputs. The first step in the linear regression
routine is to calculate a least squares difference error metric between the two reflectance
spectra 470, 472. Figure 4F shows the measured reflectance spectrum 470 superimposed
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nodel ed refl ectance spectrumis cal cul ated using

equations (3) and (4) and the initial guesses (454).
wab@n/0137be non-1i near regression routine i s useCI/US003/025156

calculate increnments to the parameters in equations

3 d to nove cl r_to the best match between
on 'ﬁ‘h‘@ %3 %ﬂ%ﬁ%ﬁf?’é‘éﬁ %PS?mgzﬁc@ﬁ%lﬁ@%@ﬂw%&fefme HoreaInaied by
takinedvaat
At one (4 3;%“{6%2'%%2"?‘%% g ol PRARIERE Byl diffprence
betwgsn &msnw@ra“b 873 atygach point, tahé smmmmig thg sfeat of thealifferences at
all A pcills o7 Rt R Ryghie P BB BRS Reri e dotertiine the
incr@admtdfortiecharimsiteldab are snall enough to be

ne Iigitlﬂse (458). If the increments are not small
endt %crw@gn iof thsi nen-lingar regression anisbysinahovrinstandahe

t. d t t t
o gl 19,08 AURC50, (150} N L D b A B
cause hgnﬁ&mtpﬂaagaatlﬁ thevaltie@odd&Pspectrimtvifle the heaBRteSs & 1ﬁterest
nou E 0, be negligible, the systemoutputs the
causg gﬁ nﬁg‘? giops ghihg aro ]@é@pectrpm; phabew kel parameter values
of 1n@@és@f@$@l’b§a‘c@& q{u@k@r atac&{r%tﬁ%rh@@ dﬁﬁrgﬁ&g %ﬁt fﬁg%lsh ?ef fhe

opti mal paraneter “val ues
specgu@wmthp patdnecters of iriterpsitage expeded eﬂxnake sﬂﬁf&réﬂ'@@ afd &fplified
I ude i pf ormati on about how t o subdi vi de t he

0
byaf a, ‘§t? A é T AP oPTH R .SW% § 8913 ofethe diffaspncen pialk the peints.
Thus Uﬁqga%t sqUfes B Erel fﬂarg% H?géc {1’1 Q-Jt%%:]é 1?1%&1% region of interest

properties of eac S
are langérl. o tenptefit et WS1ghf1ng ﬁactorlnlmyr&ls‘ol Berappliad to thaanBiification factor
usly descrjbed. In one

to fugﬁ%‘%u Sﬁé?l eaSttsﬂB eﬁég 5 e{f%re@efélcrmdl fied ver sion of a

NOPighieBAfs anf RBNESH 09 A ptRENTHINE é%
Levenber g- Mar quar dt 0CorI;pr om se to qu ckizln it in g recess etch

procegs @gfoadiag jo pwembedinent ofethe inakutim. dfhelsmft @Fciha prdcess is triggered

by a \ﬂ?e'r gﬁﬁ)t) Zw/eﬁﬁ tﬂgglforcga@ ’t,]a Q&)}Ec{qgéslljgﬁ% E{CQ& W&“ﬂgﬁgﬁé& sends the

appr@:mmprm@e réoﬁfélpﬂrﬂﬁ@tetsﬁo all e seh&rs exd23. eﬁ?é‘bl%‘égss r&di
techni ques, such as nultivariate regressi on analys

paramggigrs ﬁgulrddpcluﬁ%tfora@%g% Heestaregiaggcess depthaclatipt tp)/zenbfqrcnce point
on tHe%hbsAGte, BRhIRRAEE S0 of z{]ltnggkelg%_e quf e'sé%”c?hé@égr srﬁ%Wrate of

non- |1 néar regression wof
interest sbereidansBBradad tecpracse clepaiet (4rm it Figurand ) FdrGhidyealdady be in

sh d d
the LR h DR DT et bR uraates: Tgtes T oo pro e cburpqsel
506 dsBurhd¥ein thid §Rbcete gnﬁép% QRh AW 506 n'cﬁldkge iiQ\AééegH&f‘%? ihnductor

| east squares difference error metri ¢
substrai¢ fQhayinga septaterlayet 30). @FRor ﬁbgauaperé;l% showask ger 514 and

o o 30555 R QS0bS P 4 1 v rSB B LS forme in the

substEzd Stmzmmmadswshwmrﬂm?& poliflich#350. ALY Iﬁédéi qu srence
nput ed t aki ng severa points across t

POIYSI}JE\?’@ Hasten (ot ﬁh%‘g@ preipesly avirlying the mesk layenl 14ihds mernce
Plaﬂagl%%gw%%g tﬁgﬁcg)tregé flo atgﬁ go4%}gv]a? { tﬁg ggf 0% Q L an gr?lount of
polysilicon may remain on the mask layer 514 prior to recess etching.

Returning to Figure SA, after mounting the semiconductor substrate in the process
chamber (410 in Figure 4A), gas flow into the process chamber is stabilized (522). A
breakthrough process is then performed to remove any native oxide buildup on the
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all the points. The | east squares difference error
metric is then used to determne the 5 increnents for

wao b@4psr7anet er val ues. So far, the descri pti onP@f/US1963/025156
non-linear regression analysis above is standard.

what . happens in ny cases is that a |l ot of the
serny GG PO SieBABY SO PREURRRI0 SIEEdE Thehienkbeaveh

proceAREeR al tﬁné@&cﬁ?fdc@% dmdebad t}ﬁ)ﬁced?l rlérk‘?}féﬁ‘]hétea] f]‘ej%eseconds It

par amet ers of erest cause
ShOldﬁ be hetedrﬂtﬁe thedbregieimongimprotess abhih mault relopsofunetesin) ﬁ‘@h ttkestop of

e iRl PhPL RSkt Py S PR P bR B e At
the brbgktPRnANBI0ESS, 8fs oW BitE He p@&&sseemﬁ%ee e{gam@éﬁlz%d (5%6) The

difference are amplified by a factor, g +y
nexiggrys ta @twmnn@twthe 1@qma"rgem@ﬁerm1h@ndﬁlmse(6 $c e’El,nmteIaWbuld

di f
inctf QB TR b0 By bR AR RES: SR TSRS B Reliak e
stariafgeeté}ad@d{ e.d depﬂs@fa;mprssmomeb@attw@olﬁmto%opa Wiceh §PthBErench.
Ileﬂtothe lification factor 15 to further

ThisaR.couikbq igicd éurane ar affer therstabilizatipn sieppa6+ Performigg the
estngﬁl nSstepl s 2RV h Mk Bt Wl‘al Qe8aRat st%f; 320 goﬁ]l% ?Ve surI])strate

ndpoint 1n a recess et process
promeent of the invention. The start of the process

h
st 9 e BACFED . 8 Tinn 8 Kb P e bgio S4p ob theaesk layer
514 ish@,ed asp@fe@e%h&t 1_&})1@ Q&R RGBS RA &H& Jﬁ)ﬁrﬁs bR i dublt Ze 508,

sensors he process recipe 2 aneters cou
e.g. ,lth%toﬂ@éthefsabste@talwbleélq, han alsy gteusedes essfempe hoine| Blid desired
uch as the

ence 0|n on the s rate .
recel Pl PO ERRBAE e SRehl nd STt S e B S pSin ey, The
first Iveftfem&ﬁmehsioﬁ bﬁ‘iﬂtdrés’it (Ef ®664hdrObe the v&&i@@ﬁﬁﬁaﬂdm}ﬁ khe top

in Figure 4A), or may already be in the process

5 08%@% aosiraig 48 tqrt-he referanse peimt difapwhisbsn #his FasgeogedBnds to the

thic gé’\%frtfei‘e it L ghfaknﬁ(} ]]rﬁoglg% s;eg ) % @ﬁ?cle{ %éltn%hgf;l E)"é’ 81‘[9 t o’LC(?l)Swould be

the weetidat disducd fom2be fplB08a af &e%ﬁ&tﬂaﬂa\ﬂ 0%%o Qh@lé)?i)tf figd Iﬁ)lysmcon
| ayer 510 ghe or. nore | ayers | ayer
col Okt e depth&f éie depesssign 621 étrth%EPPd?f thpolgsicen @ql@mn 520.

Onct ﬁ%%mérk@o ’%‘I ﬁc?&t%.ﬂz | fhe tfﬁc@%go}){;rg%féﬁgloﬁ‘ﬂ 2@35 ?eitnﬁoved from

08 and i1 um o
the tpp pﬁthnpdbfls:,hcah IcokuhmaS20pxah s idbﬂenn)ilmadi ayzarT € 3Dt DshdwWRkturning to

. preyiously.oyerlying the mask | heen
Figdlt SXBF i chl atistels Pt e - b duants estimiyd imatep 528
using AR teE®and reflectoffet IR d ﬁsc&&d%ﬁ/@' el (Bgrﬂef@ﬂ‘mﬁﬁé@ b& of
on the mask layer 514 prior to recess etc

parametesy thitigovide micipse endioh beaweara mmsnradrmﬂcdtmce spectrum of the

o TS HBRRod il DENBLISERE 208 BRER g i

dim&iss fbzete éé&&baraﬁletéag eakt hrough process is then
perforned to renpve any native oxide buildup on the 13
WoORgR e dhiskaess pEmatagabiodeaemass! from the polysilicon column and the

starting etch depth are known, the recess etch process can be started. Any suitable etching
method, such as plasma etching, can be used to remove material from the polysilicon
column. In one embodiment, an interferometric endpoint detection method is used to
control the etching of the polysilicon column (530). The interferometric endpoint

detection method involves counting the number of fringes evolved during the etch. When
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sem conductor substrate as a result of exposing

silicon to air (524). The breakthrough process can be
w@2aosiexi2et ch process and shoul d typically | aseCt/82003/025156

JUSt a few seconds. It should be noted that the

akthro ess can result in l.oss of materi al
a Pr?‘ﬁ 3 “8‘83 Ef’?ﬁtf’ﬁss %ﬁﬁisewﬁ%% ¢ higlaesaianatgripldn be
remBved Hb@%@eﬂ QubfedC RRERAIALRRInG gfoc@ s 1§‘st|o & stage. After
5 the breakthrough process, to t he process

c hdsanteifer oa@aumamwhumméwbs (cﬁlz&}ng él'hglt beandtto sheglysdlicon
variations

o, 51 B Bl BT 5 0t

paﬂﬁlly@ﬂﬁﬁs@ﬁeﬂﬂfr@uﬂﬂﬁﬂl@ rp‘élysﬁiéSﬁ' cSBnm, ﬂﬁﬁ%ﬂl&&)f@fa tlﬁrsudﬂ@h%rm
t he startlng etch depth, e.g. hﬁg of” depressio A
Sub%&ﬂéyqrf@ teopefirpiliopn palrypsils ¢telond. | Thetrbidectodosigiimls cobhbise

L T T N ——

mingnaeel the Biterfenence rfangé &’ep&hdshort the pathddidth aathie PFhEb&h BSugh the
tine. In the pre-etch

woul d. save substr roceSS|n
thicji 0f BOBOENGRRR Polumn g masessie %mmlmsmbsmed

i6de
perie Mok A ind i 31 2 ed Bt RS MR el g o
calcgkagd reduictjon int the thiockmess of tlhe pelybﬁmoratcﬂuﬂnﬁ)te estbiddle af @Adpoint in

Iso b d.as ref erence int, The desired 15

the a88s S T e S Pl GaioBt s 1or o SN BRRE Cispiens etch
procedstieciusy kith d@ﬁol@té‘tﬁf&l&leéﬂ@ﬁh‘tériﬁl toT1]3§10v 'ﬁ%ﬁf}%ﬂé?& Ijtsﬁ%g{l column

di mensi on of interest (H) would then
is kngivngy, aﬁcﬁfomrtbﬁblqﬁlébmdge &0@netoy schhme defrsibedtboE08 t 0

t he Roint ol4a Lch in this case

cor UERER AR Ga MR i Buontl e G e Sypeferssanethod o
moni’ihﬁn@ eceR @tchalg dftd hcdlirieRdefm@fing e Shigiat th(ﬁeé@‘?}f kil be

the vertical distance fromthe top 508a of

polysilisen solumnsibshquid baelerdpataithertiechpisiugsiney ebsn b@@lsc:fbl o
exan?@@ thé bida baﬁlﬁ%ﬁ&%rﬂe‘rﬁ Scthglgﬁggycrl éh@({‘x/ﬁgcza% ?réﬁé 161ns§tuﬁp

he po ysilicon ¢co

deteamide theaabsollteainickndsk of thei pokysilien af itiasehdddovinHo fofin W& recess.
of .the polysilicon colum 520

This 1 Egls 8Pty hesguringrs nétaeicetsnce af ttrapbirie gidise @ se
of peﬁ‘hﬁé‘tgﬁ R préhife Eﬁ‘bﬁ?ﬁrﬁﬁl ﬁ@i{l ﬁé\‘g{e@l{ ﬁ]g%eaklﬂreg Elgtslte‘ﬁle&al%e

, ¢an be estinmte
spech pwcagd amaodedd refl e ansterspesteinh ofithe eamstrateeahcbé)maeung the thickness

o o A s bRt A0 oo
polytilieon ok had BecdRebcRedRASTBEs fhl p?&ée@:{‘g% %&Qﬁ@{] edMAfimed-

t he substrate and extractlng the "desir Si ons
etch proggsstaey aeq borsedarfhnbiscthe tlm@nc@neﬂeo eteh dlomsasprezﬂetermmed

t mt he oly silic and
anof il Rl BB b B BT
column@am&&nbaﬁtched fdrahé pﬁédetéﬂﬁinédltlin@m e etching 30

met hqd, pl asma et ching, can be used to renove

ma B1ious chf gfﬁtmé capbsBIafle toghe procesmrequancodescribed in Figure
5A. SEPOdITR th d nt, detect i on

B T e Ao RPN e ARG i1 Bl 506
FigupoiB)svlidrdnm poblsilivon (520 pverltey, ot exam@le) Baidsk SayePBROIIREy
been planarized using, for example, a chemical-mechanical polishing process. In another
embodiment of the invention, the process sequence may include a planarization step. For

example, Figure 6A shows a pre-etch model 600 that includes a patterned semiconductor
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detecti on nmethod involves counting the nunber of
fringes evolved during the etch. Wen 14 WO
wWQRMMMIE3727 PCT/ US2003/ 025156 a predet er m nePCHUs®e3/025156
of fringes corresponding to the thickness of nmateri al
reppved has been counted, the recess etching

S“b%ﬁa&é&hﬁvglgﬁ Whpiete layreo(4nt @re eraore aves, g@rada@sfk laser 608 and
| t h

s pten i 1 Gk RORR B 8 DALY S

subgtiatef @Reandffilletl evitiod gadivnhobpolysilivom616. SA dapiieksdn 61 8 is formed at

fransmtted thrqugh th olysilicon caqlu . and
the {op 37 BR dolyily O lienst TR 5 st iie o Ffyling eocerse A layer
of pBkYisbh 6TPR 260! foFied <§n &k 91%13 layEP60d &t @%@ @kuﬁig%gﬁ&éss

conbine constructively or destructivel y to produce a
pedigae éBllﬁiﬂEWf@W@W(ﬁé afprpgege for fatectimgdmendpniht ima rdcaws etch

ol 0GB Rl ARSI b R bl &

trlggwécylsy 4 120 (6220) WHenhbd Pbceds QEESSRE pro@e'sfs'rﬂ@dlﬂé @moriﬁ Figure 4)
the observed 10 periodic maxi ma and m ni ma of

sendsdhepnEepTiakt RIPEYSS EeriRe Parpmefersite al dhersensare (624 ahe process
i f e
rec1%%¢a9éi£?t€1§%8ﬁ@§ %ﬂrlrlrilé) ?oﬂ &a nirj:ea{tﬂ% gllréeﬁ% esd idﬁ]%ttﬁi rﬂeas%uﬁ:g from a
refepnocpsiat orfthe sulstrate] euchrmtt]ﬁe eot@pp6oOBhe tha@la hyee Tsesnlidnductor

bm)nl tOrI ng .t he rece S ﬁﬁ‘;}h process ecause the
substrgle i jpigrepts theipsgcepye /& 1Pip Figwed), or may

alreRQ/ Béﬁh heCRBedsO l:h%fﬂi‘ber' (6269 ALy ougtu%}ge{l'l% %gh%&ﬁﬁ@&@%%%@ﬁge in

refl ectometry schene de cribe
the pracess thatahept gais dloapintothe prosssiihambsisis dtabbired (@'B)a A

eferred net d fo nltorln recess chi after
brea P s et R bRl ey S e pate
semRSh¥fkdri seBIrabOd s sult bf e?;lﬁ)@h{hg s@i@oﬁoeaﬁf (6t3 st AﬁEp’L‘ﬁE
techni ques may al so be usSed exanpl €,

breathseithaiecess ighe ovrivtorthe Bmhmhdab@m bewdn aﬂabﬂreed: ) lbneThe

oo RS O S0 . 1S e

etchi@q633). AlDorldHle a\pottdh dMholaye df@BIylsiﬂié@hI iﬂa)y R8s df all of
refl ectance of the substrate, finding a set of
the RPEYS&‘M@%@Y IHEMONPHIeTe Ay bssemedpss vk meterisd fingehe misk layer

B A e —

for att Iaéatbrhit&gen egsintenferdrhetrip apyebdh exanhet ghisahie hredivdtdag bs @bed to
dtof. ar,.a terdz % .the desired thickness of the
eeHB]I“ggYheP OEHE RiARaHZ 8RR S Rached, the recess etch

Pr ogRs$ %e%aﬁ%at%rpﬁﬁ? das ﬁb\fv fhis ‘ilh@ﬁ_}o@ésg EhRRBSRe g%fﬁ?ﬁ%re 4) is

al so be used. That i's, the tine required to et
agaip S’@bléaed 531 Bk nextsients wfestimbterin-altu incomitgmaterial variations

(63 el S o B Bt 6 Tl eenst S e e

refeéaéd Suist oOHE bilahicO AEhGe thd W HIRAS thOniabe 1a|9&10 %ﬁ& ﬁhe vertical
sequence described in Figure 5A. For exanple

dimensiwdiem dedop redacerf heuberBntoths topeef the pelysilivahcatone) 7 e
start n% el dbpth. This estimate will factor in any material loss as a result of the

—1

planarization and breakthrough processes. Estimation of the incoming material variations,
.e., step 636, can be done concurrently with or after the stabilization step 634. Ina
manner similar to the one described above for step 528 in Figure 5A, the physical

parameters of interest are determined in step 636. These physical parameters are then used

16



10

15

20

25

30

30 Figure 5B) wherein a polysilicon |ayer overlying,

for exanple, a mask | ayer has already been pl anari zed
w@2i0an1572or exanpl e, a chem cal - nechani cal pol PGHUSIY03/025156

process. In another enbodi nent of the invention, the
to AV OGESS.58qyYence ma%? ig\él ude a planarization step. For

‘Qatﬁl‘p‘nr%,es%‘? PRPIRCSHBIR> B manner s¥nilas S pnesdcribe for step 530
in Figafd 3udes a patterned sem conductor 15 WO 2004/015727

PCT/ US2003/ 025156 substrate 602 having a substrate

| ayf8p ipEAtionprevisies ane or haseadsantagey. Fonexungie,|thy aretHd®f the

. ] ' 610, . . d he, sub .
imvefih oD IR o Edpoi il Foine Rovee™s Wbl matrial

in a fié@tharithefrhdth@blis\Wpphicableciolaufof e rosksy stidchi8Nd&Abedin the
h f the colum o

bacl giipd s s Bl e comssativeiise nst Tiussakil Basigaly, th
e e Sy AL AR Rl Bl EL Bide
whidhi wjillraffe68thie shielmesyeff mbtexialad rémeVeok@a $hef @IuMB 08 Glakddi] Bthe
trn 1535k Sk felied Feoe dapr G tengm) Koriiendt i detominn e

o oag st o A Re ot e Rt Be s el pang e s

this tégkaesstth drisp heepohing propess.c Fhes inventiqgreuspan droidbarsd fe@le@bhetry
sQrs e parameters

. 624)., Th 1 [
met SR bt e LR BB R M ai gl b Bhemsspemion
technTgas @cd:ufd%élggﬁimz!i@ R BNk ReR OF Hat?f] %f@hlg%%é& Hatching.

..such as the bottom of the mask |ayer.
Withthiti aseiatscosématesubinterferemeticiappronds or othet fitable method, can

f.ery rocess cha r (410 in Figure 4),
then bt B0 6o fhubid R PR R T RS HEE Peitber (620 Af1 er
moWfitilenige inentivartias basddseribeduh S of séveral e REPERBSdiments,
chanber, gas flow into the process chanber is

there gic ARATpIRR. Rpafations, pod seeisplents sdith foH ot thesscopreo this
inverR&f qfo%ﬁ‘arﬁﬁe,rtgggl‘sb%es%%qﬁla%ésviﬁuﬁﬁtegﬁg?li" é(r%sﬂ%’%%gd Bre just

sem conductor trate*as a res
exanypllésibasedl ¢rothaipre-¢t6BB)odeBishewn irthBigukes 6 Bkindraay G&p@é@sﬁe@ﬁ SThe
as flowii rhto t%ﬁ process chanber is again stabilized
proogig 3equenct il gengiafly e hradisisshbageshen i prs-ghatagf the
bstedie BnPlha RSl ' o, LOg, i
su s( aes A:ﬂl%&fe@e.(@céﬁ stngbtub Asﬁﬁ‘%\?@%sﬁé m]Qﬁt?oi{éﬁb@%tbﬁﬁc ia is to

. | or only a portio ayer
get ap aeqpsit eetmaterafthodhickmsy efimatetialablbeaématedt 4@ the starting etch

depefRioth eleR. MR parim b EEEAR Brnoe (oeb iverhg G bing Apocess.
urielethley,iin gstinR@ingahy FicbmG mhBNArvaribdsNotiBY te@ﬁﬁﬁ%éts?zlegﬁes

conpensated for at a later stage. An interfero
the Lgyenbere-Magjuagskt ompsoinisgishe beraseddol npdoh the messded eeflectance

' I ri zation,.process. After.
L e S S
regressiamimelys{wihd netraFhgungtc hppréachedScadai et abi | i zed

(634). The next step is to estimate in-situ incom ng
.—r?n'?lg%lyegm%ﬁorlgg Phhe reqesserh process is aefilimiedetotandnterferometric

appros€h hGhedliBRBROR URIB (18u 1BPedMiiaCe Of the

substrate | o
Further, the invention is not limited to making trench capacitors. For example, the

invention can be used in monitoring recess etch processes used in forming chip

interconnects.
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reference point on the substrate, such as the bottom
of the mask | ayer, and the vertical dinension from
wao b@4vop2sur f ace of the substrate to the top oPCT/H82003/025156

polysilicon colum, i. e., starting etch depth. This
es te. factor terial loss as a result
S35 e&ris%ﬁlﬂef%rﬁl%wahﬁa follovgne ApRsRg ﬁf flabache mierpreted as

hi:eﬁﬁ aAptichhefatibhe it i
ine st egp 636, Canaﬁ ggﬁlg‘ﬁg%ﬂ%u@e f@ien saaL Sl W@?letrhettrﬁlg ‘spirit

and@mmbpfﬂzanV@ﬁmgtep 634. In a manner S|n1lar to the
one descri bed above for step 528 in Figure 5A, the
physi cal paraneters of interest are determined in
step 636. These physical paranmeters are then used 16
WO 2004/ 015727 PCT/ US2003/ 025156 to drive the recess
etching process (638), in a manner simlar to one
described for step 530 in Figure 5A. The invention
provi des one or nore advantages. For exanple, the
met hod of the invention can be used to detect an
endpoint while formng a recess in a colum of
material 5 in a trench. The nethod is applicable to
any of the recess structures described in the
background section as well as other recess structures
not illustrated. Basically, the inventors recognize
that there will be material variations from one
substrate to another which will affect the thickness
of material to renove fromthe colum of material in
the trench to achieve a desired recess depth. The
general idea then is to determ ne the 10 absol ute
t hi ckness of material to renpve prior to starting the
etching process and then use this thickness to drive
the etching process. The invention uses a broadband
reflectometry nethod, including a robust nodel of the
substrate and a biased non-|inear regression
techni que, to accurately estimate the thickness of
material to be renoved via etching. Wth this
accurate estimate, an interferonmetric approach, or
ot her suitable nethod, can 15 then be used to
determ ne when to end the recess etch process. Wile
the invention has been described in terns of severa
preferred enbodi nents, there are alterations,
permut ati ons, and equi valents which fall within the
scope of this invention. For exanple, the process
sequences illustrated in Figures 5A and 6B are just
exanpl es based on the pre-etch nodels shown in Figures
5B and 6A, respectively. The 20 process sequence w ||
generally need to be adjusted based on the pre-etch
state of the substrate and the desired recess
structure. As previously nmentioned, the basic idea is
to get an accurate estimte of the thickness of
material to be renoved and the starting etch depth
prior to etching. These paraneters can then be used to
drive the etching process.
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Further, in estimating the incom ng materi al
vari ations, other techniques besides 25 the
waeaeibwey- Mar quar dt Conpromi se can be used t oP@EUSI¥03/025156
the neasured refl ectance spectrumto the nodel ed
refl ectance spectrum of the substrate. For exanpl e,
multivariate regression _analysis and neural net match
appr oaches can be used. ﬂhﬁﬁﬁds noni toring of the
recess etch process is not limted to an
Whatri$ elafreecdoiset ri ¢ approach. A tinmed-etch process coul d
be usegi far ex le. 30 Fyrther, the |[nvention is not
L[ o BdHodt careollbe # nsers delbBiostssreommnsixanpl e, t ho
I N\iE4 hﬁﬂilﬁ?éi‘e@&bk‘t}?ﬁg héuﬂné'g %ehél{ HBRiA &S Solfhf I?){ 1711a\t/%ial

processes used in form ng ip 1nterconnects.
depodiied B iEnciRCEteusins4 026 dbsensighatom g sirfeeerfdble substrate to a
her ef.0 tbhe foll owi ng appended cl ai ns be
I

t ' t.hat
refefei]?f’%??)lpgﬁ’ethesﬁ%bs%ﬁtg ¥di ng al| such alterations,

pergrifiht @MSeas@Bd nSidLfl¥ARB specktin &ff dt 10Mst DpoYtibRBS tHeWBbstrate
spirit and scope of the invention. 18 WO 2004/ 015727

inclpding stowgh0n25156 CLAIMS.  What is clainmed is: 1. A
t torolli tch ,
me c%ﬁﬁi)uﬁ;l%g%&g%ﬁg nl}arﬁ]%fl??té@c%resé%p@gg g{ e %%ﬁﬁ"?&vo.f the %bstrate asa

conpr rsin rate n

weightediidohdiefiteum ereflcttHebiHmal > TRl fBirbdt regid8PQTIstiRting fhe
the trench, determining a first dinmension froma

portignrgfgbesysirglie substrate to a 5 reference point in

th %e’?e%’fﬁi%?g g%t%g%rgsfe@rﬁhg&r%vﬁgg 3 ?{9@9 mqgcg-ltb:eaf elee%ccflg Nefsured

spectrum a por on o e su

net teflettdaéepetthen bhéthemodeldtiet etk cansdgrRbednNaid
refl ectance spectrumof_ the portion of the substrate
as extraciinedhe dist divecasiondrm digrscbol pasINietsances from n

e ubIER ok s ORELLAYIAAD LIl AN pre
dimpnsioti atelsa desokd seeessatepth thedswedfrdoh éherrefeserce gointednd

refl ectance spectrum and. the node] ed net refl ectance
S pEtREO OB mgthﬁ el e bk ShopEe
reachgd. of paraneters; conputing an endpoint of the recess

etch process as a function of the first 15 di nmension
and a desired recess depth neasured fromthe reference

2. po'ﬂlte;me%Hgd of claim 1, wherein obtaining the measured net reflectance spectrum

comprises illuminating the portion of the substrate with a normal incident light beam.

3. The method of claim 1, wherein the reflectance of each of the n different regions is
a weighted coherent sum of reflected fields from k > 1 laterally-distinct areas constituting

the region.

4. The method of claim 3, wherein each laterally-distinct area is modeled as a thin-

film stack.

5. The method of claim 4, wherein computing the modeled net reflectance spectrum
comprises modeling the substrate as having a nominally polarization-independent

reflectance.
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etching down froma surface of the colum of material

until the endpoint is reached. 2. The nethod of claim
wdaomer7el n obt ai ni ng the measured net refl ect BCES2003/025156

spectrum 20 conprises illum nating the portion of the

substrate with a normal incident |ight beam 3. The

met hod of claim1l1, wherein the reflectance of each of

O onrRatEl Ml PR WpriallE BFhaOPAIRER caiimel

calcalatisg a taast sygaret Hefferage error Abtri€. beTheenrth¢ hedsundd wdtacfiacBince

wher ei.n. eac terally-distinct ar [.S del ed as a
spechiiAnciths Fiodelsdinct Heckase sor ok 1 Shdife 1 s gicheimelers that
mink9iRUhé BEot Asti¥odel ed net refl ectance spectrum 30

conprises nodeling the substrate as having a nom nally

pol ari zati on-i ndependent reflectance. 19 WO

2004/ 015727 / 003/025156 6. The nethod, of claim.

7. O R T iy ERapE Spe o ndE S9¢ Bbnfhiielin the
first@@ahensicd dithe@rdoedririccsquares difference error netric

bet ween the neasured net refl ectance spectrum and the
nodel ed net refl ectance spectrum and finding the set

of . I NL T L{.Qr ' 7
5. 1 JPUMRRIRRED ) DRGSR LB RLLAne RO e oot
comPrissfre@iving bs mpahasgef initidlp@essts fop theenvfisdrametets. t he
error metric. 10 8. The method of claim7, wherein
computing the nodel ed net refl ectance spectrum
Co | . . o | .
O { ot pRAd ikl D3RRt IRpaBoEhs taiod 4RSS
broadhancerefiettometmdpd aninterserbases emdpaintaprooavht i on of
br oadband-refl ectonetry and an interferonetric
endpoi nt approach. 15 10. The nethod of claim?9,

10. WhE R tEQIBRE4iRD0, R @R dBRhMin COBRAER MR c%ﬁﬁSﬁ'lskltéé' ting a
. e

_ fringe count required to reach the endpoint.
fringreeoiotiregiired i ngachghe odnogitn et chi ng down conpri ses
counting interference 20 fringes evolved fromthe
portion of the substrate during the etching and

11. st apRinighdef clght 10, Rghevdie Biching doeohieec@uhfihd RS ference
. evolved fromthe portion of the substrate have )
fringes svplvgd fipe the pPREONGS t substrate during the etching and stopping the

etching when the interference fringes evolved from the portion of the substrate have

reached the fringe count.

12.  The method of claim 1, further comprising determining a second dimension from

the surface of the substrate to the surface of the column of material.

13.  The method of claim 12, wherein determining the second dimension comprises

extracting the second dimension from the set of parameters.

14. The method of claim 13, wherein computing the endpoint further comprises

adjusting the endpoint by an amount proportional to the second dimension.
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12. The nmethod of claim1, further conprising
determ ning a second di nension from 25 the surface of

wo b@4spuistrate to the surface of the col utm of PCT/US2003/025156
material. 13. The nethod of claim 12, wherein

determ ni ng e second di mensi on conprises extracting
[erﬁ g <&I CE%Ws% S¥riher seRpHEng Blaneizipg hgrmprfasesof thosubstrate
pnor% de{@}lﬁn{{ﬁé hRdef difleadisn 13, wherein conputing the

endpoi nt further conprises adjusting the endpoint by
an anmount proportional to the second dinension. 20 WO

2004/ Q15727 / US2003/ 025156 15. The nethod of. ¢l aim
16. 3 TR PR o ST P o PSR AR TIag i OEE @i aice ogKe pHadp on

S Uﬂ&tsﬁﬁb@é offthé Qt!ibsh@teqﬁfb? i':cmlé%lﬂﬁmhg ehd fifsBlinflnBBAS! ON.
16. The nmethod of claim1, further conprising renoving

any native oxide buildup on 5 the surface of the

t t di
17. 3 RSO BBt FRLF Ml Skl Sowbbifog” pr ocese,
coplanarsdinga spifaeatiazhlblagersd @ﬁ@ﬁﬁteqfavﬁlgm&éﬂch @ye@élﬁ dnd a
sub trat Bégaw ng.a trench therein and a columm of

coluypg o, F‘iaé?“ pRpsited an tha trepghs t r ench; 10 after
| d th
gu?f]{?eg éﬂle?ﬂ Qr &&ﬁ‘%’g]t@g A% cflfnaﬁgzrl%r? KBBNRL glli]l‘gaCﬁ { sﬁh%trate to

erence
arefstan@tpcantanblycsmuabibwg a measured net refl ect ance

s ctrum of at ast ortion of the substrate
PR e s AR pefc A oA orGblentia Heskon of the substrat
mcluﬂﬁ{gltﬁg{r@ﬁ@p spectrum of the portion of the substrate
as a 15 weighted incoherent sumof reflectances from
n somputihgfaf moedeled negeftavtance peecirtmt dfitle pdreion pHtheisobst@te as a

p te, eint erefle nce of each of the
weigh B i5eBF s it g Bl ctoes T SEHhEABIanS CaRstying the
portib®bf £ lsG6ktfake lvﬁr%reflﬁ K Iof‘&fc‘n%lf liye rghﬁﬂfeﬁﬁ? teiri38a

constituting the region; termnln
weighted anbtrentsutrhef reflecivd flelds fronl losd lamtaﬂ:lb diginoeaad dstituting
h neasured 20 net reflectance spectrum and the nodel ed
the I¢RI0N.  of | ect ance spectrum and extracting the first

di yRasdigRg a8t ieami&brs Mat ﬁ%\f?&@gtaed'loc‘s'e n?ﬁﬁ? tlv?& Al easured

endpoi nt of the recess etch process as a
net reflpstance spectrdinrdshomodeled netdeféatade spaass; dadt h

t f d t chi d
(TS P Y Bpeh oo s ST bR unt 1t ho
enetiReiutingiag en@ﬁoﬁ@&&ﬁl@féces%%tohﬂ?@ce@?ﬁ?é’%x 9{101‘95%%}% L om

further conprising determ ni nlg a second di nension
dimension and a desired recess depth measured from the reference point; and

etching down from a surface of the column of material until the endpoint is

reached.

18.  The method of claim 17, further comprising determining a second dimension from
the surface of the substrate to the surface of the column of material, wherein determining
the second dimension comprises extracting the second dimension from the set of
parameters, and wherein computing the endpoint further comprises adjusting the endpoint

by an amount proportional to the second dimension.
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the surface of the substrate to the surface of the

colum of material, wherein determning the second
wa@lRomnsi7on conpri ses extracting the second di nRCHUSW03/025156

fromthe set of 30 paraneters, and wherein conputing

t he, en [ further conprises adjusting the endpoint
19. by f’aﬁiﬁ%ﬁﬁww BRiensey Clely PIORESS eI IRE: nensi on. 21

WO fgpQﬂ{uﬁﬂﬁy&Zd E@Eﬁ%%%ﬁé Q4R AHtherein adt AESNLY o?fmaterial

controlling a recess etch process, conprising. for a
depesitetl in thedrendh sletermimnga fiast diemsianrfeom a sutfeceesfithambsaate to a

I . teria eposi ted in.the trench
refeel Piefin (8 55 Ble anf P R e Pt o Selgof thesubstrate t
a susBS6H the Eolufrof HABRABHCE POi Nt in the substrate and a
second di nmension fromthe surface of the substrate to
5 #bkaining aanessutep actisflegipncsfspenttuar phdt 1¢nst a pixtiah of thy sabstrate
: 1 reflectance spectrumof at |least a
mdg&g?g;d%ﬁfgeg?ﬁt he substrate including the trench;
Ccorpuiputing a niedRidedt rétctaedel spedtARE 6f ﬂl@?@ﬁfdﬂ'@f@ﬁe §ubStrate as a
.portion of the substrate as a weighted incoherent sum
weighteq wepharenifupsolitefeatances fromin & diffrentarggionsconstituting the
port %fb%%éé{}ﬂs{}&ef he 10 portion of the substrate;
etermning a’ set of paranmeters that provides a close

matdeteriating s settof @anBRsus et proeides £E1oe€ hARGSDERQGthaeasured

aﬁd t he nodel ed net refl ectance spectrum and

net iellertange; spectiue apd thermedsledaist imhlgcianerespsrisws; #ndom t he
sets I ' | ' t.he..
;o 3ot BRNATRIE A scob ARk EROFIP R D pRlalsy 15
s ecomgutihgremsidpointafi theacass étck graceses s fie@idn dfelestitseshd

fromthe reference point; apd etchi down from a |,
SeCOgS?’FB‘E‘é“‘B’fS 1@ SRRt OrRlh Ao o e FefCrReRBAIAE and
| S etdh@ACHRFh 18 a surface of the column of material until the endpoint is

reached.
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