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(57) Abstract: A method for controlling an etch process comprises providing a wafer having at least a first layer and a second layer

formed over the first layer. The thickness of the second layer is measured. An etch selectivity parameter is determined based on the

5 measured thickness of the second layer. An operating recipe of an etch tool (130) is modified based on the etch selectivity parameter.
A processing line (100) includes an etch tool (130), a first metrology tool (120), and a process controller (150). The etch tool (130)
is adapted to etch a plurality of wafers (110) based on an operating recipe, each wafer (110) having at least a first layer and a second
layer formed over the first layer. The first metrology tool (120) is adapted to measure a pre-etch thickness of the second layer. The

3 process controller (150) is adapted to determine an etch selectivily parameter based on the measured pre-etch thickness of the second
layer and modify the operating recipe of the etch tool (130) based on the etch selectivity parameter.
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* A processing line (100) includes an etch tool (130), a first netrol ogy tool
(120), and a process controller (150). The etch tool (130) 1is adapted to
etch a plurality of wafers (110) based on an operating recipe, ea GG 2003

(110) ~having at least a first layer and a second |ayer forned over the
first layer. The first metrology tool (120) is adapted to nmeasure a
pre-etch thickness of the second | ayer. The process controller (150) is
-adapted to dehMETHOD ANISUHP SRATHS mhyc@m@%@gmﬁr ed
pre-etch thickness o € secon a pe of
the etch tool (130) based on the etch selectivity paraneter. 1 US0202235 2
9 DEC 2003 - METHOD AND APPARATUS G ETCH SELECTIVITY

TECHNI CAL FI ELD Thi s invention relmto the field of

seni conduct or devilbs iSentionf @iitdsr igegeralid, to Mee MM (T Ybmicbnducto? @AetkBL hod
and appar at us 1f8 cantro Iin% etch el ectivity. BACKGROUND ART US-A-6 133
132 di s&l 0se& BV REHHR 2R G HRAE a0 gt%amgvapp@rp%épr ondroflingretci 0 - a
sem conduct okeléteivitg.e. Spacers are formed by performng an anisotropic

plasma etch of an insulative layer in a spacer etch tooL Prior to the
spacer etch, an automatic process controller nodifies an operating recipe

of the spacer etch tool based ondﬁ d&hﬁgﬁﬁﬁé surenent of the insulative
| ayer and in accordance with pre e‘f‘erm n ol equations to affect the

wi dth of the spacHBsA-6T1E8 EiRatisnloses didetliodl fopSintollingd thsisthp spied Mdﬂ?; the
0

etch ti of _the. cer etch tQol US-A-5 372 673 discloses _a netho r
et chi nglﬁg Ia?/esrgabc?)gi%‘%%rr g%?’i‘“ha@??fﬁrsdamn Fogst DR perforping gpfasisetroparplagpa

et ching, thecteh ofiai fiselatife ki@ ih a¥BacePEtcHRSA! PRbr tSth J and the etch
environment is altered. to najnt a%ég the etch rate atcgpégg{%@gaaau?wmrate

in order to PRSFErsoREolisrempdifics; ap foperatiog redipe bfither spobernaitletocdlbassthos a
docunent 20 @glckBedes&ishie VYHTAE f etching a |ayer using.a _
two-step etch pr%cess_, %%P%ﬁ#?{r%vo veé'g(e}%%?(%??n a‘écofqaf“é‘f (Pﬁe‘fq‘@'ﬁﬁ‘%qdr Y,
and subsequesfttspl gquagionnty affechtheovidihi aftthy spaters.e Thé sgabaroidt] BY6htrolled by
WO- A- 0Q£7935 i - I U 0-run ntroller for controlling

& i o SBA OBt S bR SR

manuf acturing pro ses. S roller perforns feedback for
etch 25 processedStA-5cimat 674 disaslbstek@aﬂneﬂibmét@ﬁ!n% b8yePiodlhtdridl havi

sem conduct o ongp i ce fabrication. There is a constant” drive to r educe the
size or scal%® E%‘P'SBRV et qnn(geg)p]ég&,the etch rate of the layer of material 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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such as transistors, to increase the overall speed of the device
i ncorporating such transistors. A conventional integrated circuit deﬁﬁltcﬁ
such as a microprocessor, is typically;gonprised of many mllions”of 03
transi stors forned above the surface of a 30 -sem conductive substrate.
EnPT2AAVENDED SHEET z0-114-LUU15 | a US0202235 2 9 DEC 2003 Many nodern
integrated circuit devices are very densely packed, i.e., there is very
littl e space bet fn@ég? ; e.
manuf acture of_ gg?lﬁg)é%ar}%ﬁ{ct or éggé/igréélsltf%Jﬁ?rﬁ%gﬁﬁg@g?é%?gért%%g%pr ocess
steps to creuaydittle spaae ketgsan Shenfransisthus faamed @boeethe substraewl be masofctuet or

material. T L Nc t initial gromh of the
sem conduct gfs%g]?ééﬁﬁgfo? (?ehl;’%%g?? | ﬁ%r}ob&?ﬁ%‘ Qfgg‘ﬁﬁ%‘grﬁfﬁ&%&ﬁy\%ﬁ Vet HPaE & o
i ndi vi dual pakegel, séieobdustdrc dévian fidongawy Sehltbhdi@tordfRieRBl The®Various
inplanting, or the. |ljke), and the packaging, and final testing of the
Conpleded”” BOGREE ah At R ST basouicowcior Joteibrie Ghcing aéihice
manuf act ur i gghiedructdp chARI Gatb sdiiBhal aRI83] {HR G 6L i : 4
chemi cal - mechani ca‘I:.- Pf)}I%i shiwgg (CUP) control, etch %g‘%?érs{)@%mglﬁddg 'SF ay
control . AsiopcEmistiagy onihealkds andiéhd packeging rald| fnal tasting iof the dbmplesddons f or
sem conduct -c%evi ces, the need for reduction of errors increases
dramatical ly. Proper formation of sub-sections within a sen conductor

device is an i npAmbagt tht sifdportantn agRets’ inn genfit QAaELoP Rt RE 'R Racirideh Sre

manuf gctured 15 sem conduct or {ce. Critical dinensions of the

subsect i onsmﬂénéﬁm Wﬁémgo (‘gi&mmlm% Shemcgleeshaniaal d palishingt {6MP)mar gi n

of error f ofon&@li etet dosticll asleyiezRy obﬁtrb@AsWeEﬂHoibcg?%% abeRiRIWARLur i ng
or de

quality. Generally, nost features on a sem condu vice are tormed by

deposi ti ng Critipl dinensions tfar jsamicondugtor devieksctthe eneed fongodutivn edf aiors

patterni ng {hg.deay, egs) it hy. and .et.ch processes. There
: %%ees‘%ﬁ’at aHEAIDS Préier PRAhA B?%%%edéﬁ ye

are many varia ect the accuracy and repe i1 SEregp et ch

processes udyietis anoimportast feturuinesnsuriige propar béﬂ(;lhﬁhceebﬁﬂl@ﬁﬂﬁlﬂﬁ@l‘mieavm ves
warer DAt stiriisdf i BYRG CoBRl unGrRn At OF Sburis: sl deentotte. does
have an i sowitlipiacpredeteaniafi acdopfableOmirgih 6f &fer 08 a6hRBhGucdt dRGePidpae form
a within 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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25 pol yner byproduct t hat deposits on the surfaces exposed to the plasm

including the features. being etched. Polymer that fornms on sidewalls of
the feature being etched is not renoved Zy t he ani sotropic conporeBtC 203
the etch. Typically, a hal ocarbon gas contai ning a hal ogen such as
chlorine or fluorine and a hydrocarbon group) is wused in the etch process.
| ons of hydrocarbon groups are generated in the plasma and 30 accelerated

toward the sunfrge Shenk O ani sot hopic etc ~~ ~
AVENDED ey BB5Eol P fipBhed B TLALES 1 BOKRS' ARk P&ppﬁ
conponent aIs@mﬂmemémﬁohbapoﬁmner burIdup on the surfaces perpendrcular

to the ion flux. aaﬁn! aIsé ne ated in the plasm, have
an i sotropic chenlca N éf c§IF H@ngFﬁﬁﬁépﬁﬂﬁﬁm%ﬁbre

the pol yner ha&hhgeaﬁ‘ecﬁmutieﬁkﬁds meSsuamee/ﬁhJ%eteSmU %fer%i}eﬁpfgpm }» al so

affects the side surfaces, but to a lesser degree than 't flat"

surfaces” Aft &MY Cd&:mpé‘de tch Gempenest B’é‘e Affecs levial] surfheesnout a0 carieqseloc ess
typically et agase g ek ghnGuirauer to some degree. For exanple, during
the formation of a transistor, a polysilicon layer is forned over a

silicon dioxide Ia@@?fﬂ*h@%¥©¢%§ﬁth@bhﬁmSRmﬁﬂatnhheﬂmumnﬁgm procaii ic

pl asma etch t 5~ NDED SHEET 2 9 DEC 03" WO

02/ 065511 PCT%%E%S’?@%’W%EW’L‘& “’Fh‘%"gé‘?“rr Ob T PRI othg| %@aﬁ!aratqfar ly

et ched duri ngtrisister alpohgiliodn Iafyer e%m&uld\e@a siliSbriTHioRKe Blyeh 1T ﬁg
s.al so evij dent sma et ches of srlrcon tr dver

underIy| g laye

silicon Qr oxXi %‘8534W¥£ME°P1°9&?%W§&Wattﬁ@srsmmmng t hi ckness of t he
upper and underlying layers and in the selectivity of the upper and
underlying layers to the plasna etch process (i.e., etch rates for the
different materials in the upper and 5 underlying |layers-are different)
result in deviations in the post-etch thickness of the underlying | ayer
froma target post-etch thickness. These post etch thickness deviations,
in turn, nmay cause corresponding variations in the properties of the
device and its performance. Mnim zing post etch thickness variations is
particularly inportant in the formation of features such as polysrlrcon
gate el ectrodes and | ocal interconnect structures.
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The present invention is directed to overcom ng, or at |east reduc] E:\{%Ehe
effects of, one or nore of the 10 problems set forth above. D SCL

| NVENTI Cwo(azmqgspect of the present invention is seen i npapRbHRg:sf or
controlling an etch process. the method conprises providing a wafer having
at least a first layer and a second | ayer forned over the first layer. The
t hi cknesisctefle. t The sifiern divefide Bylse parallretgled deilg thaetcigbrdf teglolysitidon Sinilpatckingifer i s
det er m RRARGERM 1&9& & hio @ﬁ@é&' ashra egcmsq)‘f @ﬁ&ﬁ lﬂj’ldé B&r §iﬁﬁ)9r!ﬂ)xld yi%[ atﬁ{)ll vity

oper at i recbgﬁ f an etch is nmodif based on the etc

par amet epuata] éf“c%‘ﬁ%@l"k‘ﬁfs ﬂfﬂ’é upReRdd H{‘deflﬂ’i‘/gelﬁtelfséﬁd Wéhﬁééwwfél‘ep‘lalﬁt #¥si ng

| i ne | nohdedyimg)lagans ®t thé) plasmel gtchaprbdesssi.e., a1eht aled g Yhet dimérent afatlrigls pr m@ @fpSr and

cont ol L,gf t 0 Lur glssbased on
an f)pelrugé eﬂyl;[_ﬂr?{yee%l &1?1}%5%) ﬂeﬁﬂt?ﬁj o ag@lls# thg%& e&% cige s%l Es% 'Ieﬂ er §T8mEccond
| ayer f &f&?&@sm lﬂ“‘tkH%S fTheetpoqtaty'ethlclmrﬁféevxameSt mzm mr p@swyesp@ding I@a@dapt ed

to m;as Weq)r@enassa;femec&vfcmﬂakx&qﬁ&omncb h%ﬁﬁﬁﬁg@o&%@{hmﬂéﬁvﬁﬁ&ﬁﬁﬁ%mﬁaﬁ&ﬁo| I er
is a apt. ter m.n

ctivit based
measur ed pr aentt lentﬂ%?ho tlwélkﬁfe% sos1u el?é‘@?ﬂﬁﬁtle é’& é‘?ﬁ pigrepnpedt ﬁ’é‘“&rﬁser ating
reci pe of thdhenreskntinyeritiobis disgited fp qvibreonging; br 26 lebsethicing the effentsafimheor. moBRIf e
DESGR Phioblbn{¥e: iiianb2AW NGS The invention may be understood by reference to
the followi ng description taken in conjunction with 25 the acconpanying
drawi ngs, in which like refer®NCLOSUREPEIRVENEON fy 1ike el enents, and in
whi ch:  Fi gur ©ndaspst of the pripkiit finvertliob isedn igla ﬂx@hﬁhﬂ)ﬂfont@olmfg(lﬁeﬁﬁ priogesd. Itﬁbﬁnéﬂ{bd
accor da@&fpnﬂs%&vﬁﬁ? '“!akep ﬁi(y[ngta{ %gt aﬁfm l'g)%qtsecgg V%er ﬁ(;:)l'li\‘le(.'lS entthel Er\s/ﬁage}eﬁ]\en

Figure 2 i's a Si neur al
accor dafte&nsg ?predeénd 'él‘?bémeﬁ%!ﬁ?@ 4 °tPlh%Ie?§W€szﬂmnch deteringd bfﬁmn?}@ Rpgyede 3

i's a5 si edkndsd eftihel decond thiyerq 'ARNOperbtin rotRied08h §1 tos] S hEHEIdVEsCH Bf 1B lelc Befeciivity 9t €
el ect rog &hoths in accordance with one illustrative enbodi ment of the

present "1 nventl on. While the invention is susceptible to various
modi f i cat i ondnefkrd agpdt of Hatpresest inyentien issgeadi # ipocesarehioni inadyiling ah lvish eof, atfasre

3ete n F h mwowgy tawm@ai pl@ifeﬁ{j%h@ol!eﬁ FH3 Qechl EdVYs a&%@&@k@&%ﬂ%& bﬁfﬁ‘&§€aﬁédt&ﬁ% ' ”f
“det ai Qu under weve e descr] on herein o

© speci fi cp % ﬁ%ram%e"f }éwaf? havtge # ﬁ?sg?‘l% AYPIng § $ppqp gsaﬁ"é osmeq ?Y\‘?'émpt%'ﬂ 1Y ero Therfisst

par 89 cumatroldey toakis aHapted to meaure b pte-etsh thidkaesoud ik seaond laybrh §hé pro@sstcbrowolldr § aliapted Over
al | modid deeaﬁmoﬁ%tch seauw%eﬂ&& baft an % tafhstRd 'p\leeéchftﬁ.l;xyeéa Qs Wik Eéab:{@&%fag? pirit

and scope.. the jnvention a the appended clal ns

CARRY! N% Wﬁﬁ?@mf&ﬁefﬁfﬁﬁaﬁgﬂ‘@ SRRt the i nvention are
described below. In the iBRIBFDESCRIPTEONMOFTYE DRAWENGS features 40 of an
actual i rrpl em&ﬁﬁo‘ﬁ'ﬂa ?5@11&11@&95& lgﬁ'gfeljerﬂ:e lothefo 'c{ekf\iﬁioh%en iLtcon\Mnl:tlon %th

cou&sse reC| ated that in
e acc panying drawings, in which like reference numerals identify like elements, and in which:

Figure 1 is a simplified block diagram of a processing line in accordance with one ﬂlustratlve
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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actual enbodi nent, nunerous inplenentation-specific decisions nust Rfa&”é
to achivweebéssiidevel opers’ specific goals, such as congldmaRegomss h
systemrel ated and busi ness-related constraints, which will vary from one
i npl enentation to another. Mreover, it will be appreciated that such a
devel opAeRiormaat ofgny syeh geival sabodisieptt Bymezays| implementetioprspeeifie decisionst mugblel rgade to

neverth a&h&ssmbaévaopéﬁwpbdif& gUé]d Slich @&bﬁiﬂlaﬁ& Krith %@@ﬂ-réﬂted and &éﬂ%s@ﬂ%béd &Jﬁkula{nts' n the
ef errin o Figure

art hav benefit. o
sinplif w%h%ma grr%mc()’fl © mPIe?)’ t?n8n t°8?°%§ﬁ s#?rf‘ﬂgrt? Hbﬁéppgn”‘até‘g%sv’fb g?vﬁlép“i“@b f or
pr ocess EHYyt mtéle@lmgﬁ 4nd Uae@mswang; dutywyauli rievrethqbese beentouting wedvttaking fborsthqae of/i ded.

The pr ocRB&y BEl hikar kg LTl aubbgret oh metrol ogy tool 120, an etch
tool 130, a t et ch troI ogé tool 140, and a process controller 150. The

process cont n°.’f'5t6 liffed djasramyohaPprdiontiep dluwigyvepesissng g 1001g0 and
adj usts pmmsmprefe&tlilm:g; acoetdaqnewnif thé preserit Ghvertiohis proditiedl 30k ﬁr&eselﬁgmdé Qb0 iBdhkbs 2
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of the rocessed waf ers sui ng t he
funct i oa'gwéﬁ copippllerdp@ Freqivsg riatalfw the mairqiwms \i2® A80nng pdistydbe oemr@mg teorm ofdlief er ed
by lLam Besweirich to kol RRh kedcaty ahdtbSbylrdfhce JRkions B thdPosteRl SRardtRASY RNt

t ool s, ?‘lﬁ ﬁﬁ q)ltol probe thickness neasuring tools offered by Thernawave,

I nc. Al oug dr stinct netrol ogy tools 120, 140 15 are illustrated, a

si ngl e tool ?‘%Elaluﬁ@blsuft@le foriperfopning the ﬁhctanﬁcbfpestbhtettldw iiveRIbe BE0 phsmaT he
et r ol ogyh tB&Q)ki&ecﬂ-QOLam ﬁé&&rdﬂaﬁ‘h@ﬁe&dﬂfg? HoR1186] 144 &chﬁci&%ss%&%ﬁretmgﬂltoo%s:ggmh Fhe
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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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cont r ol lleeovetl@@regmdéy aAssgesolydreatisagpic edirpeisprfeas@t ers for controlling the 15
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and r eaedevad a f)aariAGRAH] Wiefboth the TEOS and SOG are exposed to the etching plasma. The relative
30 etch rates of these films determine the degree of planarization of the resulting structure. By keeping the total
flow rate of CHF; and CF, equal and varying the ratio of the two gases, the selectivity can be optimized.
Increasing the ratio of CF, flow to CHF; flow increases the etchrate of TEOS relative to SOG. Likewise,
decreasing the ratio increases the relative SOG etchrate. In an etching process with a higher CHF;
concentration, the rate of polymer formation is increased.

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,
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exposed to historical performance data of the etch too]l 130 or a similar etch tool (not shown). The hidden layer
30 220 weights each of the inputs and/or combinations of the inputs to predict future performance. Through

Dd

analysis of historical data, the weighting values are changed to try to increase the success at which the model
predicts the future performance. The output layer 230 distills the manipulation of the hidden layer 220 to
generate a prediction of, for example, the temperature, pressure, and/or reactant gas composition required to
perform the etch and arrive 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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| ayer 230 distills the manipulation of the hidden | ayer 220 to generate a
prediction of, for exanple, the tenperature, pressure, and/or reactant gas
conposition required to performthe etch and arrive at a target post-etch
t hi ckness for the .underlying layer. 35 Once the nodel is sufficiently
trained, it may be used in a production environnment to predict the
operation of etch tool 130 based on current input value neasurenents. Based
on the results predicted by the neural network 200, the deposition control
paranmeters are predicted, and the operating recipe of the etch tool 130 is
nodi fi ed accordingly. In the production environnent, periodic neasurenents
fromthe post-etch netrology tool 140 are provided as feedback to the
process controller 150 for updating the etch selectivity 40 nodel. -5 2 9
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met hod for controlling etch selectivity in an etch tool 130Reslagdnent Hegé
In block 300, a wafer having first and second |ayers is providedpT &
second layer is forned over the first_kayer. The wafer is patterned to
expose at | east a portion of the second |ayer in block 310. In block 320,
t he thickness of the second | ayer is neasured. In one enbodi nent, the

t hi ckness of &hAIMS:st | ayer 5 may al so be neasured. In block 330, etch
selectivity paraneters are determ ned based on the thickness of the second
| ayer (i.e., and based on the thickness of the first ‘layer if so neasured).
Det er ni ni ng the etA mesteldefot cotitiollingPalelgi6dss, BBYipREnACCOND! i shed using a
feedf orward predictiv ,nndel}n t echni que, or, aFter'ativeLy using a’

f eedback techni qu@™Y %Pdﬂ%egﬁﬂTﬁhﬁlﬁﬁﬁgﬁiﬂﬂawiMHéusbayﬁﬂmksﬁah&h&dmbased
on the efch shtfetlayéty paraneters. In the feedforward node, the etching
is performed for the current wafer. In the feedback node, the etching is
10 performed on sdsdaytngithe peerdelsthickoess o6tteise@ndtlghr;sel ectivity as

descri bed above r%@&ﬁﬁﬁhﬁh t-gtech thi ckness variations in the
underlying | ayer, hence, g?b?%é5?§§@HYdmﬁuﬁﬁ?é“¥¥%5ﬁ%FDN@#EE#%bfdmpﬁmtess.

By using reallayer mdatoentor dle smodsd $aytobasfif@Ch: h8 Halhal .eductian, the
t hr oughput of thgl roceising line 100 and the quaF?€$§%?8?ﬁ%8%ﬁ§;Bféﬂhct

may be i ncr 889882 héPCased t hroughput and reduced variation lead directly

to i ncrEased prof WodlRihgtan &%ﬁéi [ odi ts discl osed above
are iIIustrative,pnI?? %S tﬁ%é?§§§ntion(ﬁgépggﬁggﬁgﬁggg gﬁﬁﬁ o dbe isgedd i n
di fferent bufclRRGNIY Premetsrdamfiest ablsastame dfahe ketcherasdsi df tBe ficgd dnfSeddda
havi ng the bg?ggjt of the teachings herein. Furthernore, no limtations
are intended fo the details of construction or design herein shown, other
than as described in the clains below. It is therefore evident that the

particul ar egbodi i_sclosed. above nay, be altered or nodified and al
such vari ati g’ﬁs agg'ﬂ%%ﬂsi &haé%c??\ﬂ t‘héﬁé%ﬁ@nm&mmm@thdﬁ&ma@

i nventildn. Acf dhedifingg| Jayerf hehepéint @gds Hohtphenein.d, s as set forth in the
clai ms bel ow, & J-VY-LWJ 2 9 DEC 2003 %502%%‘%’3%&&]&&’6* a?%:aé%% T B3UBOES DEC

2003 7 CLAI MECTRIIDE the giehyselestivibh prameter basedion decthessiued ehiskneSOShE Sirdd O
provi di ng a amifseconddnjeng at |east a first layer and a second |ayer formed
over 5 the first layer; neasuring the pre-etch thickness of the second
| ayer; determning an etch selectivity paraneter relating to an etch rate

of the firsts. | ay@imdileld ek it Bfin PSP Ul 3 BlnRAS S o 2o eSS, e
e ¢4

measur ed thi ckness of t her comprismg etching at least
20 the second layer based on the operating recipe.

4. A method as claimed in claim 1, 2 or 3, wherein determining the etch

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
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second |l ayer; and 10 nodifying an operating recipe of an JEEHIB0 ol (130)
based on the etch selectivity paraneter to affect at |east Reggaiehiaget ch
rates of the first and second layers. 2. A method as clai med ifnDEL iy 1,
further conprising neasuring the thickngss 15 of the first |ayer, wherein
determ ning the etch selectivity paraneter conprises determining the etch

selectivity paranet e basged on the measured thickness of the first and
second | ayers. 3. TRIHXDEIbE qreraling meseei of e iteh 100b(136)) dtiased2on fUdiFBRAe
CONpri sing ebewicBPtRtimd8@8d thidAeld Vi oAeEPased on the operating
recipe. 4. A nethod as clainmed In clgelexr%h ) %’F"%‘,a‘\aﬁg‘?t&%t%@?l@ﬁﬁﬁ-ni ng t he
etch selectivity paraneter conprises determning at | east one of a

tenperature, ga pr L atio.of the concentrations of two reactive
gases. 25 5. A net og ggsm%ﬁ%(j(r%g%ilc?fnﬁ?% 3, further conprising: etching at

| east aSportion ofn etd tbol (130) agssted &S @EHON ' i pe;

nmeasuri ng thg é[r}‘;kiinckness of a %fean%f ang port?%]ﬁ&gfgfﬁ@%??ls{ﬁfbggﬂ on an

conparing t hePAEREUFER: Fickiwafes (bY0) thawing eideast Adfirgolayéromd ® secdndr Ggdy 30

thi ckness; afotmed/6¥erAMRERSHEET 2 9 DEC 2003 US0202235 Repl acement Page

15 DEC 2003 8 nodifying the operating recipe of the etch tool (130) based

on a difference »&H ooy teoh{120) chdapied ko1 esasit af fie-kdBidkndY cﬁglrhgi on
a

and the targ&goﬁdﬁ%f&nﬁﬁs. 6. A processing line (100), conprising: n etch
tool (130) adapted to etch a plurality of wafers (110) based on an
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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.
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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
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nodi fy the operating recipe of the etch tool (130) based on g% @iq@
selectivity paraneter to affect at Iegég one of the etch rates _ﬁ%
first ‘and second | ayers. 15 7. A procesSing line as claimed in claim®,
wherein the ;&rsténﬁtrology tool (120) - is further adapted to neasure the
pre-etch thi ekemed tofcotdperef thesinedsayedr thickighs t dYethRr ler, (150) is
adapted to d .qégine thﬁgghﬁh selectivjty paranetgﬁﬁgég%ggﬁﬁﬁﬁﬁegt SSur ed
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processing line as clained in claim®6, 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 claimed 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
| ayer, 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 remaining portion to a target thickness and
nodi fy the operating recipe of the etch tool (130) based on a difference
bet ween the neasured thickness of the renmaining portion and the target
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