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© Titl'e: METHOD AND APPARATUS FOR CONTROLLI NG ETCH SELECTIVITY [err]
Abstract: A nethod for controlling an etch process conprises providing a
waf er having at least a first |ayer and a second | ayer forned ové&gﬂg@ZWB
first layer. The thickness of the second 1ayer is measured. An etch :
selectivity paranmeter is determ ned based on the neasured thickness of the
second | ayer. An operating recipe of an etch tool (130) is nodified based
‘on the etch sSIEFHON ANDATERRTUS FOR'CORTRAULING EHCAVEICT IRy 2"
etch tool (130), a first metrol ogy tool (120), and a Process controtrer
(150). The etch tool (130) is adapted to etch a plurality of wafers (110)

based on an operating recipe, eachhg/@ﬁﬁ‘ 1%1 ving at least a first
| ayer and a second |ayer forned over g‘q:'l ri?ayer. The first netrol ogy
tool (120) is adaffhisd itventieasieiatesa genea®yt ab ti deRP ST mtbRive@rORGvEaYer -
The
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manufacturing and, more particularly, to a method and apparatus for controlling etch
selectivity.

BACKGROUND ART
US-A-6 133 132 discloses a method for controlling a transistor spacer width in
10 a semiconductor device. Spacers are formed by performing an anisotropic plasma
etch of an insulative layer in a spacer etch tool. Prior to the spacer etch, an automatic
process controller modifies an operating recipe of the spacer etch tool based on a
thickness measurement of the insulative layer and in accordance with predetermined
control equations to affect the width of the spacers. The spacer width is controlled by
15 modifying the etch time of the spacer etch tool. |
US-A-5 372 673 discloses a method for etching a layer of material having a
non-planar top surface. During etching, the etch rate of the layer of materal is
monitored, and the etch environment is altered to maintain the etch rate at a selected
etch rate in order to planarize the top surface of the layer of material. This document
20 also describes a known method of etching a layer using a two-step etch process,
which involves employing a first etch chemistry, and subsequently a second etch
chemistry, to etch single layer.
WO-A-00/79355 describes a run-to-run  controller for - controlling
manufacturing processes. The described controller performs feedback for etch
. 25 processes to control critical dimension line width in semiconductor device fabrication.
There is a constant drive to reduce the size, or scale, of semiconductor devices,
such as transistors, to increase the overall speed of the device incorporating such’
trapsistors. A conventional integrated circuit device, such as a microprocessor, is
typically comprised of many millions of transistors formed above the surface of a

30 ‘semiconductive substrate.
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process controller (150) is adapted to determ ne an etch selectivily
paraneter based on the neasured pre-etch thickness of the second Zﬁyﬁ Zﬁlﬂd
nmodi fy the operating recipe of the etchjjool (130) based on the et
selectivity parameter. 1 US0202235 2 9 DEC 2003 - METHOD AND APPARATUS FOR
CONTROLLI NG ETCH SELECTIVI TY TECHNI CAL FIELD This invention relates
generally to the field of sem conductor device S manufacturing and, nore
particularly, to : i : S jVity.
A CKGROND ART U B B B e o For - BopEkal e dhge s
transi stor ¥adidile spiage hetwigen g tzansistore S1ohed rbovedde sdsiraSpAbe manafetufor ned

by perform . Ay r opi t 0 insul ative layer in a
spacer etch (S)%Elc%ﬁu%%trt%%cﬁse%@z‘ggra g?:éﬁe,r %.t;’] PSnREPTES SHPSdBsEe Bt r ol | er
nodi fi es anpakegeit isagicoadicpe dévitehdrdpaner sehitbndRr Ragsdl OMhe vatiflickness
measur enent _of the. imaulgetci ve | aye qafn in accordance wth predeterm ned
cont roP equBfPPEHES gluge the il grqythqf the serpicordystas materighethe shicieg ofithtt h | s

control | ed gnicoaudidichyiathtb isiiGHEd wifs ﬁiﬁm- 0L s A- S
372 673 di scl o?sesua mg%fgd for eltchi ng a 1%6%33?8%&9‘%%?2% a&?’f ﬁéplélg’
non- pl anar o8pmplantiageor ther k), and: henpackepiog eind Hinah testing of Hthe lcagpletedf

material is nitored, and the etch environnent is altered to maintain the
etch rate at a Selected etch rate in order to planarize the top surface of
the | ayer of natAmoag.th§hinpodantuasetts?2h sdnsiCoriaser i deeRe an t had of

et chi a layer using a twp-st tch process, _which involves enploying a

first qgtch ?ﬁ@mtgmg %ﬂ?ﬂxg’ﬁbggﬁ neenfrel, éié "@?@Hﬂlc@h@ﬁi@mgy,(cl\ﬁ’)gtc%

i ngl e | ayegont¥ oot BtASEIo R RBtral. W YobtBiolds) AOMCEO blcfar Yraier
2d controller pertorns

controlling _manufacturing processes. The descri
f eedback f offitisak dimensiops der semicopductemdevtesc rthe inced foi medisiion ¢ff Beomsi dth in

sem conduct grregevi 9. abi .C%&P-%Iﬁﬁfo% 3 s%b_cocrhsggslsa?v?iﬁé:%/e tzo?lr1 duce the

size, or scal e, .of sem co duct'or devices, ‘suc 1qTcr ease
t he over al | deyjsecid anf impostadte Eictor innensuging ptoper péifciihantd 8N SheS in@mHfactlred

Cypi ont |y comRaRatt Bk, Cifict BieSBes e Nbbriorepeainiave to e

surface of withi3 predetenninetlléidep@blURsERAbLerr&ENRT 2AMENRER r IHEEL: to be

-114- LUULS. . .
20 - v%ﬁhm acceptable manufacturing quality.

Generally, most features on a semiconductor device are formed by -depositing

layers of material (e.g., conductive or insulative) and patterning the layers using

20 pbotolithography and etch processes. There are many variables that affect the
accuracy and repeatability of the etch processes used to form the features. One

- particular etch process involves a plasma etch that removes a portion of an upper layer
formed on the wafer. Although the plasma etch is primarily an anisotropic etch, it

does have an isotropic component. During the etch, reactants in the plasma form a

25 polymer byproduct that deposits on the surfaces exposed to the plasma, including the
features being etched. Polymer that forms on sidewalls of the feature being etched is

not removed by the anisotropic component of the etch. Typically, a halocarbon gas

(e, containing- a halogen such as chlorine or fluorine and a hydrocarbon group) is

used in the etch process. Ions of hydrocarbon groups are generated in the plasma and

30 accelerated toward the surface of the wafer to perform the anisotropic etch. The
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| a US0202235 2 9 DEC 2003 Many nodern integrat ed circuit devices are very

densely packed, i.e., there is very little space between the transistors
formed above the substrate. The nanufactu of sem conductor devi%BE&L 2003
requi res a nunber of discrete process ste%@ to create a packaged '

sem conduct or device fromraw sem conductor material. The various 5
processes include the initial growmh of the sem conductor nmaterial, the
slicing of th Qg S i pdi Vi ers he

fabri cation st%gléit(s? (ngtchl %8%818&?#8@ rf:@Bn‘%f Hﬂg I?"ﬁ' b\gﬁé‘f%é’hl *We)“,“f“&ﬁ%i t he
pagkagi ng andpﬁtmashculestolthﬂglooﬁluxhe conpl ‘et ed devi ce. Among the inportant

aspects in semcon tar .devi.c nuf act 10 rapl d thernmal

anneal i ng ( RTA) co%*éfo&fmat rar?fcglgl e ?ia’l"gth FeaF'é‘Pv OEGrﬁhF@Wal etch

control, and etehﬁmkgaeﬁeaomaf fimovAs teamibBed GRY wheh:Ahe lyBﬁ:?'hbé Bé’éne‘s@{x‘ﬁé f
uttion o

criti caI d| nmensi on]z}}‘3 Oor- sem conduct or devi ces, the need for red

errors incred%8% HieRIFPIGECY coppensat als pffents the sidevallisufecss, lrigo i ledsen a
sem conduct or deggyﬂﬁgtﬂesm@,@uﬂ{‘m%;fgégg factor in ensuring proper performance
of the manufactured 15 sem conductor device. Critical dinensions of the
subsections gener apfigr Higydesired tayer it htan mmonved)ehe iplvisma chtar prREByBicABY Ji N

of error for m.e . ces h| n t abl e manuf act uri ng

qual ity. Gener§§ 3 &Q%ﬁ% B?neé@ééﬁreg’ soorllneagesg@?ﬁ fg} ‘8‘31% eé?!e'aﬂewé@ by

depositing | aynsmoxoh pusiaysmmralayéxe:sgbrmcﬂmﬂﬁtsﬁfé&a BioxidB kAT \ég)o 3@ nis
ses. ere

patterni,ng the ers usin hot ol j t hography and et ch proce
are mam}!avarl @ S%EBE“’PE‘@“% h fymeatgansistes getebi | ity of the etch

processes used to formthe features. One particular etch process involves
a pllasma etch that renoves a portion of an upper |ayer fornmed on the

waf er. Al though the plasma etch is primarily an anisotropic etch, it does
have an isotropic conponent. During the etch, reactants in the plasm form
a 25 polymer byproduct that deposits on the surfaces exposed to the plasnma,
including the features. being etched. Polyner that forns on sidewalls of
the feature being etched is not renoved.by the anisotropic conponent of
the etch. Typically, a halocarbon gas (Le., containing a halogen such as
chlorine or fluorine and a hydrocarbon group) is wused in the etch process.
| ons of hydrocarbon groups are generated in the plasnma and 30 accel erated
toward the surface of the wafer to performthe anisotropic etch. The ~~'~i.
AVENDED SHEET 28- 04- 2003 t

ENPiE AMENDED SHEET



| b US0202235 2 9 DEC 2003 ani sotropic etch conponent al so renoves tg

pol ymer buildup on the surfaces perpendicular to the ion flux. g%é&ﬂéd
radi cal swoabséssgenerated in the plasma, have an isotropi gcehRpads etching
effect that renoves the surface fil mwhere the pol yner has been "sputtered"
5 away. The isotropic etch conmponent also affects the sidewall surfaces,

but to &lettrods chhe silleoy dioaide isalso pantinllpreicted dfring the eiching cfdlegpolysifitoar Sitmila edkisg 6f6d )

| ayer hag \Qﬁéfﬁml@ w&vi@%o feheenp hOSiRGha &hcGR P fﬂ@u%s,ﬁm&ywep &Lé&é didrla€ hﬁﬁeﬁaﬁ
under | ylvn | e tion

 Sone ee. For exanmple, during
transi st 5’83“0%%%3? %?"I“P%@ﬁk?e%f’é fhe ugper g padgrlyiRgdayess aad l“l“éfosﬁle‘ﬂ’i‘"&&f% umy@\d The
pol ysi | iwoderlyings layebotoelhc plghaugdhngomss (@6 ot wePiE tel ddent @lathald @ he ipenand
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A et A Lot Ml Wb o e
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di oxi de 17D riatiqns |nthe|n m ness of upper
and under‘f@%"ﬁ‘é‘ L‘)’/n?%oné’?{%am ¥ ﬁlasg%?'sg{‘f?%?fe §° 8?33??{%‘ ﬁg‘ﬁtﬁ’fm‘ﬁfﬁ Eﬁ‘FaserI yi ng

| ayers to thdhgiresenhinventiohis pnwésosovemowng, ot kst redicing tfeaffedtshd odé Srinexeaiithe

mat g i alpblelds l¥ortdBBR!I and 5 underlying layers are different) result in
deviations in the post-etch thickness of the underlying |ayer froma

target post-etch thickness. THESLOSHRE OEIRKENHONness deviations, in turn,
may cause coOnespand txgpresantiisvbition s shdi\mﬁbxethm’iﬁmhﬁdllﬁfg aﬁfetch b;eceése\theﬁﬂeﬂﬁad its

per f or MRgEeies oofd{s%ai“a&r Rk faﬁ;egsba%dy PSS sgc%nd @,} od SveP f{—"s y'eraf

inmportant 1n t eatures such a fcon gate '# odes
and | oc HHicknsst efthe Serqstlayes tsr“ifé%“{ﬂieén °W‘h%18ﬁ1”élszﬂmnetem éﬂermqu baﬁedcnnrfmeeaureﬂ 0
ovengo n‘ﬂﬁkgnes@ﬁf tiel seboRd Seyerl @GUsperBihatrbipe Of fre@éhStoM fis mEUMRdVasedBA fhe Rfch bdRtivit} O

probl e orf Orth above. DI SCLOSURE OF | NVENTI ON One aspect of the present
i nventi n |s “seen in a nethod for controlling an etch process. the nethod
conprises pr &0ty agped ofvie erestabipvenifornis speads ¢ prrcdsiinesline| ipghaling an dtch twb @ dind

| ayer.. fﬁkﬁ’@&ky@dbﬁrand b@médssr htrdlBY €fhe etbh @ol 1 BiapKNRSHh A pilhRy SEFRRTb@YR an | S
“measured. An et.c 1 VIt ter s de rm ned based. on the neasured

r
© 15 t hi cRIESL rg?lpet ?‘?gh g%?fg‘ﬁvdugl %V%? ay8’p“8 %Tef"ﬂ ELmed Qyer thgfirgt dayey- Lhsdesti s
modeq i emeimi% tpolimadapted te medsury @ pwestch thidayess qf the sevwtddayer. Ahoprbe@ss casipbie fs addpted h e
present td Raithd Atch §e]&ﬁﬁf} B HaQA OR T Rashied %ré-@&l dﬁgltngg of‘{ﬁe efc&m 14y8C4nd

first rocess controlle The etch I's aapted
to etch™j ‘é’IJﬂ" g%/rﬁ“?re@f’e%ﬁcg%ﬁh@ée&%ﬁe ﬂ‘self)‘i‘)‘ élafaﬁ‘ﬁt‘"f' eci pe, each waf er
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llayer. The firfShveston 3B 5911199&&054}@] refbroncB R b vﬁn%({é%%ﬂét%ﬁ?akgl ?nétg&tﬁ)n with

0 a

t hi %me s of the second | aye process cont Is a
eaccompanymg drawings, in w ch like reference numerals identify like elements, andmwhlch

Figure 1 is a simplified block diagram of a processing line in accordance with one ﬂlustrative
embodiment of the present invention;

Figure 2 is a simplified diagram of a neural network modeling system in accordance with one
embodiment of the present invention; and

30 Figure 3 is a simplified flow diagram of a method for decreasing variations in gate electrode lengths in
accordance with one illustrative embodiment of the present invention.

While the invention is susceptible to various modifications and alternative forms, specific
embodiments thereof have been shown by way of example in the drawings and are herein described in detail. It
should be understood, however, that the description herein of specific embodiments is not intended to limit the

35  invention to the particular forms disclosed, but on the contrary, the intention is to cover all modifications,
equivalents, and alternatives falling within the spirit and scope of the invention as defined by the appended ?
claims. )

MODE(S) FOR CARRYING OUT THE INVENTION

Hlustrative embodiments of the invention are described below. In the interest of clarity, not all features

40  of an actual implementation are described in this specification. It will of course be appreciated that in the
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to determ ne an etch selectivity paraneter based on the neasured prmﬁgﬁ@w
t hi ckness of the second |layer and nodify the operating recipe of t

t ool basedomuossshe etch selectivity paranmeter. BRI EF DESGRRMosHLSE THE
DRAW NGS The invention may be understood by reference to the follow ng
description taken in conjunction wwth 25 the acconpanying draw ngs, in
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distributed throughout a system. Additionally, the process controller 150 may be a stand-alone controller, it

may be resident on the etch tool 130, or it may be part of a system controlling operations in an integrated circuit

manufacturing facility. Portions of the invention and corresponding detailed description are presented in terms

of software, or algorithms and symbolic representations of operations on data bits within a computer memory.

30 These descriptions and representations are the ones by which those of ordinary skill in the art effectively convey

the substance of their work to others of ordinary skill in the art. An algorithm, as the term is used here, and as it

is used generally, is conceived to be a self-consistent sequence of steps leading to a desired result. The steps are

those requiring physical manipulations of physical quantities. Usually, though not necessatily, these quantities

take the form of optical, electrical, or magnetic signals capable of being stored, transferred, combined,

35 - compared, and otherwise manipulated. It has proven convenient at times, principally for reasons of common
usage, to refer to these signals as bits, values, elements, symbols, characters, terms, numbers, or the like.

It should be borne in mind, however, that all of these and similar terms are to be associated \;vitll the

appropriate physical quantities and are merely convenient labels applied to these quantities. Unless specifically

stated otherwise, or as is apparent from the discussion, terms such as “processing” or “computing” or

40 “calculating’_’ or “determining” or “displaying” or the like, refer to the action and processes of a computer
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An exenplary tool suitable for performing the functions of the etch’i86f 2003
130 is a Rai nbow 9400 plasma etch tool offered by Lam Research. The
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35 ) In changing the recipe of the etch tool 130, the process controller 150 may change a parameter or
parameters within a baseline recipe or, alternatively, the process controller 150 may provide an entirely new
recipe. The process controller 150 may update the recipe on a wafer-to-wafer basis, a lot-to-lot basis, or for
each group of lots simultaneously processed in a single load.

The process controller 150 may change the recipe of the etch tool 130 in a feedback mode or in a

40  feedforward mode of operation. In a feedback mode, the thickness measurements from the metrology tools 120,

-4



5 An exenplary software system capabl e of being adapted to performg e 73
functions of the process controller 140 as described is the Catal yst

syst em Wo evmssiby KLA- Tencor, Inc. The Catal yst system pggasofi@azsconduct or
Equi pment and Materials International (SEM) Conputer Integrated
Manufacturing (CIM Framework conpliant systemtechnol ogies and i s based
t he AdvHfaeR bPugsd ds sonimetion gtith (amgyt pPyt-girle figkhess to@en{iSEMeVED 218 & ipe for

Provi si saasadlueé‘el@qucédséa&hdf&@ fr0% fleMwEﬁmx\Qﬁ&prmﬁ%ﬂmﬁ&CBb 6 L) in@Rshe APC
on for.. CI M Fr amewor k Advanced

( SEM ]19 93- 0 Pr.ovi si onal, Spe ﬁ§£
Process ie r“bef’s“ffﬂlﬁ'b% Fem e Prg; B@*tf“?tf" ¥.14 |t‘b° %Ld AEdist PREFAETTEP RRBMEteR fo5m
SEM . Tdeutrqbiing -tist addh sale¢tivity. o §ybsdquant pdsP@chmeesurmests tfag bt ned o nglatt e pkadiewees of

t he suppgsdeBiduid gﬁlwxfe@g | ayers and provides the pre-etch thickness
measurenents to rocess caontroller 150. Based _on theélg)re- etch
<,

t hi ckness neAa%‘?ﬁ‘fheSFr‘E ' medekmayy bs gencrated By, the gropest conteplery\ S alicmativelydt mai beg
reci pe geosrawiityerdiffetent pro@ssing @dsburd@Qnd: Sidwillane ktoled Siethe priotess doytroliér IBMmeeﬁeﬁig t ool

g—ggl %%%Jlt&% "lf[%g g&:lb?el ‘&g 841 ?18{ %VdeSeY é% ! a%gxl Etﬁ%lé I%B 8rms{ng£ gi%‘erent EOﬁ{Eotet ch

af f ect | e havine yipiar operetine tchfif?ﬁ@ﬁﬁ!ﬁ%e or ymEpstes Of éhstratm etklh essswnq&é% theestabnt s
promi degleddiyit hidelio génerdk £ 4hd iBdated bP By pﬁ)&@sl cortfbiler TBY orldhe &stﬂerebeﬂ@Eﬁedtoﬁe etch

sel ectiyvjty .nodel e roces ntro e t.he
oper at i n{(j1 al perforgance, p P@%%Che%/’gl Bﬁ B‘gPeaf‘g by eeﬁfﬂ%g\} éc‘?%rlgo t t"tc E‘E‘tyet ch
sel ect imqdelyis mdtbem‘ﬁ)elr kistericel, daia coldsstert f20m BumEbroue Protessing rgaf the AP0t IBO NThe 20
Gener al dich, settivity BRI AbybeCa hﬁﬁ&e@%‘iﬁﬁe equitRA bR YRS (JY Ak L&ﬁonenﬁaﬂ &

the plasma reactants. This decrease in . byproduct formation typica

i ncr eas¥EARHE) %8 AP SPEPIE: Befeh S asgmetrlge brk 2y PEgcipy! erpppest “P%l,yslﬂ ased,
- t hel5 erraqdgly orgf prajévéion torgent simrteas@ES) m@iels i The spedific implempreatiof of thd m@lelinytvirg

sur f acefpdd@hPe e fidlidhhg febuntqEscRlfed] aﬁ@w%spe&ﬁcnﬁx\f)@%ez{%ﬁ is leF«!WXJ to Bdseof
result, the anisotropic etch rate is 1ncrease typl ca asnma reactive
gas mi X4 SHA B one or nore hal ocar bon gases, such as CZFB, CA4F8, 25
CHF3, CF4, OBk Hllowingexalbinys pedvided ahﬁ@QmMmmmaﬁ&&oaraeeﬁmmmwmmﬂdmeThe

etch SQJtcﬁ?Jol ié'();n\éy e Td %ﬁpgpgc@* ﬁgelpéﬂtaﬁ&ao@ggggx e at‘)a&&fghga hal %F%ﬁ‘gon gas

concentrations In consli

CH?8 arfd ﬂelm?dehweaﬁlqa&saﬁﬁ?deanéﬁw pResifi¢ wlemal@m welhh\evvesat@ee qfav@m il lflor ned
by a THES:. GBpdsd cﬂmqrhnméaﬁﬁl‘cﬁﬂﬁstraﬁ@i $uen/¥peLifia)etails 3RinB-dodtrigHd @ Sicateioial héiiﬁi)05| tion

and cure. [Cei Y ES,, a narizafi.Qn e
where both ?ﬁmg?% E%ita Sfénpgée%osaéramt‘)fanﬁ k%@ pmw J ﬂ’ﬁé’ '?mgl ative
30 et cHepatkego H’Fl“tiﬁﬁé% @Pﬂﬁ Inyes21@9et b‘ﬂ‘%‘ dryert 238 apday @@ubhyqa P%(héﬁp sngutilowr 8P t he
resul t irét@vé‘sttlidd@iupu’t Qalu@ﬁe&ﬁﬁ& Bpprpriith Bor 0deBhg thé Ltéﬁ’%el’e&lvﬁy of th%\?to@- b, %ﬂleequal
anc&svar eglgodr %5 of t he t\é\p ?as S ﬁ]e ecti vi t an be o é zed

I ncrea5| ng e s HCERRE PR o %?tnéeﬁsé'%e © eta%‘ﬁeg Y &

TECS r é’?e&?‘P&’é"qlSouS@@ al‘f«lrm@e inputg) alghoeghoihaginutsenay alse iy usedc Mg@@ ltyhe’l20

relati }[f‘lkmjtﬁmle‘fbﬁ@diﬁ’ 18dt ocipk Barﬁiibteeilﬁ ltle B?erﬁﬁ@%ﬁéof\ﬁleteﬁh ol1139 Iﬂgvre o%émmm% the
concentr ormation is incre se changi ng
the red’} ge&’ﬁp“c e%sese'f@ 'f"g?ﬂyglii%?r e gfpagtngproc ‘%ﬁtb?(ﬂhl“’ fhe 'Uir’f‘ﬁ?"’ré k%hEe a
par anetesposadto higierical perfanmancelataof the siclbiagld BG ore simiavi eph tool (potahdwa). VAt hivdeh jayert he

Pr a0es 226 QBikktObdele bf é@%ﬂ@h@&%&:ﬂﬁbﬁ& & el ifiyisYo PRt £BR! RBormde @ﬂr&&gﬁss
on a wafer-to-wafer basis

troll dat
ot - 1 o TaPBE Br ARy Bt weighti v b opest 41 Gt Acbtie? § PrbiEsedd | n a
si ngl e predist theThtgrepredoagse.c hd owyluk dyer 230 distilly the heanipalatidn &f the hidden 1afer Imeto etch
t ool 1%Qnel'a'ﬂ= aapréd?c%glpé’i‘:{‘or Mgle%e leﬁpé?aturélg)réss% dgngfoy\ﬁéga#g?aggf 0si (Rlergcﬁ;ré In a

f eedback nod t hi ckneSs’ neasur eng fom gy tools
. perform the etch and arnve at a target post-etch thickness for the underlying layer.

35 Once the model is sufficiently trained, it may be used in a production environment to predict the
operation of etch tool 130 based on current input value measurements. Based on the results predicted by the
neural network 200, the deposition control parameters are predicted, and the operating recipe of the etch tool
130 is modified accordingly. In the production environment, periodic measurements from the post-etch

metrology tool 140 are provided as feedback to the process controller 150 for updating the etch selectivity
40 model.
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0 nciryrge. éFP°f¢ﬂ§lXt the prgtentiopspoght berdin islateet fortyimthe A@fs badond an out put | ayer
230 The input layer 210 receives those input values deened appropriate
for nodeling the etch selectivity of the etch tool 130. In the 25
illustrated enbodi nent, the incom ng upper and underlying |ayer thickness
measurenents, as neasured by the netrology tools 120, 140, are received as
i nputs, although other inputs may al so be used. The hidden | ayer 220
"l earns" the effects that recipe paraneters in the operating recipe of the
etch tool 130 have on determ ning the post etch thicknesses of the
underlying |ayer during a training procedure by which the neural network
200 is exposed to historical performance data of the etch tool 130 or a
simlar etch tool (not shown). The hidden |ayer 30 220 wei ghts each of the
i nputs and/ or conbinations of the inputs to predict future performance.
Through analysis of historical data, the weighting values are changed to
try to increase the success at which the nodel predicts the future
performance. The output layer 230 distills the manipul ation of the hidden
| ayer 220 to generate a prediction of, for exanple, the tenperature,
pressure, and/or reactant. gas conposition required to
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performthe etch and arrive at a target post-etch thi ckné%sDE%QUathe
underlying layer. 35 Once the nodel is sufficiently trained, RepladedenbRagésed
in a production environnent to predict the operation of etchit g

based on current input value neasurenepnts. Based on the results predicted
by the neural network 200, the deposition control paraneters are

predi cted, and the operating recipe of the etch tool 130 is nodified
accordi ngly. .@b_Aﬂ@ipr oduction environnent, periodic nmeasurenents fromthe
post-etch nmetrology tool 140 are provided as feedback to the process
controller 150 for updating the etch selectivity 40 nodel. -5 2 9 DEC 2003
WD 02/ 065511 RCT/ USBRbAXDedReioliingiah@tohGiodess, Eb&gﬁﬁﬂgs, a flow di agram of a
met hod for controlling etch selectivity in an et t0ol 130 is provided.
In block 300, a M%Y“%H%\?i‘ﬁ CF N3ang afrleast edbrtdayenyed 8 sesondrimwer dehed THR
second |ayer thsfilsopp@d over the first layer. The wafer is patterned to
expose at least a portion of the second layer in block 310. In block 320,
the thickness of @aswyEedheipreasiel thicknews agthesebontinayee embodi nent, the

thi ckness of the f{ihfeshintBYS eﬁihr@%ctal.so be neasured. In block 330, etch
selectivity ;l)grnarret ers are determ ned” FEEES, 8 thjag ates mie pf theefirssecond
| ayer (i.e., londrdasedtoothet feeondilaykinbssd n hhRad daBYEH thifiSQ ur ed) .
Det erm ni ng the &ich sel ectivi ty]@gar aneters En%{/t tggt]%cconpldlnélﬁ?&s gg%ﬁﬁg a
feedf orward predl &rié%odel i ng techni que, or, alternatively using a

f eedbaclo t echni qugwodiffin®! &€ lop3din : t, { first yer i.s etched based
on the etch Sﬁ| ect viﬁ?;@par ahet er%%cllfr)]@%?haél ngd# 8?\)%#@ ﬁ??ﬂg,mt e etedhi ng

i s perfor med PR PIEREEHe Afrbat lan aeeofitbe dhacistcsuiahe FhR MHCRLLE | S

10 perfor rredla%}svsubsequent wafers. Controlling etch selectivity as

descri bed above reduces the post-etch thickness variations in the
underlying |layer, hence, giving rise to a nore stable, repeatable process.

By using reah-ti trol dels to effect the variation reduction, the
t hr oughput oflz' thggpég@ggsafﬁgﬁ?ﬁ@’ it dnBmther comprisingymedsuting thenthiqkineduct

may bdS5i ncr efisled firdtnk Q@&Qﬁbﬁiﬂl’@ﬂ&hﬂjﬁg d -.variatign | ead directly
to increased,profita iiryi ty. 15 The parti g%ggﬁegﬂg%vﬁrﬁ% q?cl%’?@ﬂ“ébove
are illustraf _ &e%@ﬁmeﬁermmeasmdmmﬂsmm&md in
di fferent buindegetnddhyd. nmanners apparent to those skilled in the art

havi ng the -benefit of the teachings herein. Furthernore, no limtations
are intended to the details of construction or design herein shown, other
t han as desc3z.i bedyi i . t.is.therefore evident that the
particul ar errbod;id&msnliﬂbttl'ss(mgl?sg‘lf:l oseé‘p a@o%/é);‘%f‘zb EYRRISBE stgung atdeasind al |
such vaPi at i Bnsccandlayentpisebomethe wperiing tebipescope and spirit of the 20
invention. Accordingly, the protection sought herein is as set forth in the
clains below. &G J-VY-LWJ 2 9 DEC 2003 US0202235 Repl acenent Page 15 DEC

2003 7 CLAIMB: A method as chimed in claim 1, 2 or 3, wherein determining the etch

US0202235

selectivity parameter comprises determining at least one of a temperature, a pressure,
and a ratio of the concentrations of two reactive gases.
25

5. A method as claimed i claim 3, further comprising:
etching at least a portion of the first layer based on the operating recipe;
measuring the thickness of a remaining portion of the first layer;

comparing the measured thickness of the remaining portion to a target
30 thickness; and

Enrfan AMENDED SHEET
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1. A nmethod for controlling an etch process, conprisi ng:Z ngE&vin@i ng a wafer
having at least a first layer and a second | ayer forned overRegadehenf Pdgst

| ayer; measuring the pre-etch thickness of the second |ayer; dejf@Fiming an
etch selectivity paraneter relating tog@n etch rate of the first |ayer .
rel ative to the second | ayer based on at |east the neasured thickness of
the second |ayer; . 10. nodi fyi ng an operating recipe of an etch tool
(130) based on’ t h&'%H¥RE e PREpling Fepmsaptatheteteh tool 4730 dasat oh @adiffe@ng, Of
the etch rat estwebn tHeandaki SEHMT, rs...2. A pethod as clainmed in
claim1, further conpri slihéh%tmrrg%gurl ng tcﬁg%%ipgﬁtﬁoé]saé’d tl%gtaaget{}ﬁgmpﬁsf st |ayer,
wherei'n determning the etch selectivity paraneter conprises determning

the etch sel gcti vigt ARt e sed on the nmeasured thickness of the first

and second | ayers. %?&%%COQO@;C%‘P%?% inclaiml or claim2, further

conpri sPng et chi ngn atchl teak {130PAd4fed sCeRAt: Em%g@\%%ﬁer?@ f"ge‘}aggﬁ%ﬁ-t%gt "
or ereirn de [ e

reci pe. 4. Ao€§%tk1}10d as cl ai nred iz ﬁoiai m 1, ,

etch sel ectivi ygp?ff’ffﬁﬁf ‘%fﬁ‘b* dayieg et st Adfirsit layeamtd asecql Byer
t enper at ur e, foampd 68 Uhehirst g, a rati o of the concentrations of two reactive
gases. 25 5. A nethod as clained in claim3, further conprising: etching at

least a portion of frfienttioleay tog) ¢F20adaptedrio tivaswpar @tichth HR&LES: of the
measuri ng th@c&mlgyé}e of a remaining portion of the first layer;
conparing the neasured thickness of the remaining portion to a target 30

t hi ckné8s; and EMPHrotdAENDRR0BHEEI0) 2ddpiel Go 28R 3nHS 3 |'acement Page
15 DEC 20038, nodi f yi ng. t he oper ting r eci pe of t%é%%c%ktcgg’?y P38 *pased
on a difference & e%@vggh RifQ Byenglatik tosthe skcand dayes basedi digatiedst | ON
and the tar ght nicaimkd pfeSetctP thidknPéOGERS | i g,,l({)o .conprising: 5 an etch
tool (130) gg.%gt ed to etch a plurali tyls%%nbwa]%}grrs Wﬁ‘&’s%‘%ﬁga‘ﬁmpe

i

operating r ot 4Rl () hasqdiam heretahi selpotitityl mambeter thi drebe AAYEY oA0HE 2
second | ayerthe &0 ek SMES fitsh i dobisild thyAXe" -.

15

7. A processing line as claimed in claim 6, wherein the first metrology tool (120)
is further adaptgd to measure the pre-etch thickness of the first layer, and the process
controller (150) is adapted to determine the etch selectivity parameter based on the
measured pre-etch thickness of the first and second layers.

20
8. A processing line as claimed in claim 6 or claim 7, wherein the etch tool (130)
is adapted to etch at least the second layer based on the ope}ating recipe.

9. A processing line as claimed in claim 6, 7 or 8, wherein the etch selectivity
25 parameter comprises at least one of a temperature, a pressure, and a ratio of the
concentrations of two reactive gases. '

10. A processing line. as claimed in claim 8, wherein the etch tool (130) is adapted
to etch at least a portion of the first layer based on the operating recipe, the processing
30 line (100) further comprises a second metrology tool (140) adapted to measure the
thickness of a remaining portion of the first layer, and the process controller (150) is

Eneian AMENDED SHEET
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a first nmetrology tool (120) adapted to neasure a pre-ef8HECHIBkness of the

second | ayer; and 10 a process controller (150) adapted to dﬁgﬁgggrr{é@ltpgge
etch selectivity paraneter relating to an etch rate of the fiqsﬁt%@[ﬁ?ﬁﬁ
relative to the second | ayer based on af | east the neasured pre- _
t hi ckness of the second |l ayer and nodify the operating recipe of the etch
tool (130) bizedegn the etch selectivity paranmeter to affect at |east one
of the etch adagted tofconiperef thesineantbds@aakneks | &Y 8k Sre i essing line
as clained in.claimsé, rein the first netrol ozryn%gl(‘)% {)?Ztggl%iés[?@gf her
adapted to rrerbgg oy ‘f”r‘ilem‘\f,)\cf”}&tg? ORI IERDS of Hte etpletchl (150) baspdon aadiffetehe:
process contbemtdes the(A&Sred thi L EerJaae the, efch sel.ectivity
par amet er based on the heasu?%gﬁp(?gl}etel?c P%i%gls?gg?e{%t?}f’mm second
| ayers. 20 8. A processing line as claimed in claim6 or claim?7, wherein
the etch tool (130) is adapted to etch at |east the second | ayer based on
the operating recipe. 9. A processing line as clained in claim6, 7 or 8,
~wherein the etch selectivity 25 paraneter conprises at | east one of a
tenperature, a pressure, and a ratio of the concentrations of two reactive
gases. 10. A processing line as clained in claimg, wherein the etch tool
(130) is adapted to etch at |east a portion of the first |ayer based on
the operating recipe, the processing 30 line (100) further conprises a
second netrol ogy tool (140) adapted to neasure the thickness of a
~remaining portion of the first layer, and the process controller (150) is
tnt fan AMENDED SHEET 2 9 DEC 2003 US0202235 ‘Repl acenent Page 15 DEC 2003
-9 adapted to conpare the nmeasured thickness of the renmaining portion to a
target thickness and nodify the operating recipe of the etch tool (130)"
based on a difference between the neasured thickness of the remaining
portion and the target thickness. ~nG iar AMENDED SHEET
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