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The phosphoric acid strip also slowly etches the polysilicon gate electrode, thus reducing its critical
dimension. The strip rate of the phosphoric acid bath used to remove the ARC layer changes over its service life.
Accordingly, the strip time used in the operating recipe of the strip tool includes a certain amount of overetch time

35  to ensure that all of the ARC layer is removed even when the bath is at its most degraded level. The strip rate of
the bath degrades based on the number of wafers etched due to the buildup of reaction products. The bath also
degrades over time due to changes in the relative concentration of phosphoric acid oxidation states in the bath.
Hence, wafers processed nearer the beginning of the bath service life will be stripped at a higher rate, resulting in a
greater reduction in the critical dimension of the gate electrode. The variations in the strip rate of the bath translate

40  to outgoing variations in the critical dimension of the gate electrode. Variations in the critical dimension of the
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Ny u% rative \%EEBQ]%‘ imgﬂxton is%Ilscépplﬁe tBrv‘aairﬁ)ﬁmodiidaa{lgﬁtainé)gfemative 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 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.

35 MODE(S) FOR CARRYING OUT THE INVENTION
NMiustrative embodiments of the invention are described below. In the interest of clerity, not all features of
an actual implementation are described in this specification. It will of course be appreciated that in the
development of any such actual embodiment, numerous implementation-specific decisions must be made to
achieve the developers’ specific goals, such as compliance with system-related and business-related constraints,

40 which will vary from one implementation to another. Moreover, it will be appreciated that such a development
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stated otherwise, or as 1s apparen from the discussion, terms such as “processing” or “computing” or “calculating”

35 or “determining” or “displaying” or the like, refer to the action and processes of a computer system, or similar
electronic computing device, that manipulates and transforms data represented as physical, electronic quantities
within the computer system’s registers and memories into other data similarly represented as physical quantities
within the computer system memories or registers or other such information storage, transmission or display
devices.

40 An exemplary software system capable of being adapted to perform the functions of the process controlier
150 as described is the Catalyst system offered by KLA-Tencor, Inc. The Catalyst system uses Semiconductor
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35  ordinary skill in the art. Thus, for clarity and ease of illustration, such specific details are not described in greater
detail herein.

The process controller 150 may operate in a feedback control mode or & feedforward control mode. In a
feedback mode, the process controller receives the pre-strip and post-strip width measurements for the gate
electrode 230 to determine a strip rat{e. For subsequently processed wafers 110, the strip rate is used in conjunction

40  with the incoming data as to the width of gate electrode 230 and a target gate electrode critical dimension to

determine the overetch time for the subsequent wafer 110. An exponential weighted average may be used to

-4




formed over the gate insulation |ayer 220. The gate insulation |ayer 220
isolates the gate el ectrode 230 fromthe 10 substrate 200, During the
patterning of the gate el ectrode 230, an anti-reflective coating (ARC
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dimensions of the gate electrodes 53% post-strlp, whl?e at the same time providing a minimum strip time necessary
35  for removing the ARC layer 240. By using real-time control models to effect the variation reduction, the
throughput of the processing line 100 and the quality of the end product may be increased. Increased throughput
and reduced variation lead directly to increased profitability.
The particular embodiments disclosed above are illustrative only, as the invention may be modified and
practiced in different but equivalent manners apparent to those skilled in the art having the benefit of the teachings
40 herein. Furthermore, no limitations are intended to the details of construction or design herein shown, other than as

described in the claims below. It is therefore evident that the particular embodiments disclosed above may be
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account for the general decreasing strip rate trend evident in the strip
tool 130 due to bath degradation. The process controller 150 nay al so
receive an incomng ARC | ayer 240 thickness fromthe pre-strip nmetrol ogy
tool 120. The ARC | ayer thickness 240 may be used to det 6ﬁhge ihg m ni mum
strip ti meWAYEHatively, a fixed mininumstrip time na§ U4 and the
over et ch alteredeor wmndified el #lhewh periatiene direi epngideteh evithia cthep ecopdf arndhspirié tof jths wation.]1 30
by the pre&RSsly mGRMclidRlsbught hdroRis A kdforihfin (8 RBhs@Elol.Nan the m nimum strip
time. The process controller 150 may adj ust the operating recipe of the
strip tool 130 to change the strip tinme for either or both of the
hydr of l uoric acid bath and the phosphoric acid bath. Typically, the strip
time of the hydrofluoric acid bath is significantly less than the strip
time of the phosphoric acid bath, so the process controller 150 nay be
adapted to only nodify the strip time for the phosphoric acid bath. 10 The
process controller 150 may adjust the operating recipe of the strip tool
130 on a lot-by-lot basis based on neasurenents froma sanple of wafers in
the lot. Alternatively, the process controller 150 nmay receive

measurenents for each wafer and adjust the operating recipe of the strip
tool 130 on a wafer-by-wafer basis. 'Me specific frequency sel ected
depends on the anount of variation present in the incom ng gate el ectrode
wi dths and the desired degree of accuracy. 15 Operating in a feedforward
node, the process controller 150 may inplenent a predictive nodeling
technique to predict the strip rate of the strip tool 130. The predicted
strip rate may be used in conjunction with the incomng gate el ectrode 230
wi dth and target gate electrode critical dinmension to determ ne the
overetch tinme, Again, the incom ng thickness of the ARC | ayer 240 may al so
be incorporated to determne the mninumstrip tinme. Feedback fromthe
post-strip netrology tool 140 may be used to periodically update the nodel.
The 20 feedback nmeasurenments may be perfornmed | ess frequently than the
measurenents of the incomng wafers | 10. Inputs to the predictive node
may i nclude the chronol ogical age of the bath used in the strip tool 130
(i.e., to account for tine based degradation) and the nunber of wafers
processed in the strip tool 130 Qe., to account for degradation caused by
reaction product buildup). Turning nowto Figure 4, a sinplified flow

di agram of a nethod for decreasing variations in gate 25 electrode w dths
in accordance with one illustrative enbodi nent of the present invention is
provided. In block 400, a wafer having a gate el ectrode forned thereon and
an anti-reflective coating |ayer forned over at least a portion of the
gate electrode is provided, In block 410, the wwdth of the gate el ectrode
is neasured. A strip rate for a strip tool adapted to renove the
anti-reflective coating is determined in block 420. The strip rate nay be
determ ned using a predictive performance nodel, or alternatively, the
strip rate may be based on pre-strip and 30 post-strip gate electrode width
measurenents of previously processed wafers. In block 430, the width of the
gate electrode is conpared to a target gate electrode critical dinension
to determi ne an overetch tinme based on the strip rate, In block 440, the
operating recipe of the strip tool is nodified based on the overetch tine,
Controlling the operation of the strip tool 130 as descri bed above reduces
the variation in the critical dinmensions of the gate el ectrodes 230
post-strip, while at the sane tinme providing a mninumstrip tinme necessary
35 for renoving the ARC | ayer 240. By using real-tinme control nodels to
effect the variation reduction, the




t hroughput of the processing Eno 100 and the quality of the end product may
be increased. Increased throughput and reduced variation |lead directly to
i ncreased profitability. The particul ar enbodi ments di scl osed above are
illustratiweoQee @s the invention may be nodified and peagkogRshsi N

di fferent but equival ent manners apparent to those skilled in the art

havi ng the benefit of the teachings IMSrein. Furthernore, no limtations
are intended o t hé mehodid dscrafingverisions incgete elertrode witiisi cgmprisisg:ei n shown, ot her
than as descﬂ%llg@ﬁ*né cnwatf'JP?ll@)lh@hl{E‘% Ll@éﬁ’odel(ﬁoj @rﬂk@@gr%%cﬁm%ﬁ’d Qﬁe@tﬁvet&ﬁr‘g I&y@ne

articul ar enbod i scl ose 02/ 0
IF:)’CT[ Iusgl/ 21338 :alnﬁé"ﬁ Z"d’“‘é?r““ffﬁ‘dfaft agg ‘a‘r?&aagﬁte“ﬁ*&"ﬂe @% ‘*é?t%‘&ﬁ‘?“&ﬂ%”@dﬁ‘&?%er ed

withid the scope andthspirit of the invention. Accordingly, the protection
sought herei nmga'suragthsetdmfo@ﬁ,g Q,teieréct;ohazmb aims bel ow. -6 WO 02/05300

PCT/ US01/ 2 133?(ﬁermmm%a r1p rate or ] sFtr FBJQOO] { g{) a(glpqu’ tg" rae‘%!)vre]%( ﬂ%orlet? 1ve coatmg324§at e

el ectrode wd ate
el ectrode (230YPHEE #ﬁawfswefi é@ﬁ °§‘i“i%lga§r?‘eﬁf?fi? @Rt aé@;"éﬁ‘@*’éﬂ f‘é“ﬁ‘éﬁdF ﬁtjwa ipgision 0240)
formed over at | easdernfingiotereah 1imé babdden gedney rab;ect rode (230), the gate

el ECtIIbOde (23 Qiggélhggpcﬂtmg%c% glItlna’strl @F(WO tﬁg:dtnhtﬁe c\%rg&}nu&f the gate

el ectrode (23 termning a strip rate for a strip tool (130) adapted to
renove the anti-reflective coating (240); conparing the neasured w dth of
the gate el ectr odeT{eZ3flpd dfolaimn 1t @ieGiideterainig e et tae the the ktiif b @l30)dompeinsi on t 0

det ernine an s%xd%ru?gtc&fae&dn%cm@@gnmmgﬂag aprip rate; 10 modifying the

operating reci he stri on_the overetch tine, 2. The
net hod of cl aPrFﬁ‘T“g %sérfpéf‘tﬁbatieéil"éf‘ ?ﬁ‘“ﬁ‘i W@f‘cl"ﬁ%e tpr"?°b(1?°z}?’5 &Fé?rf"ﬁf‘éceé”ﬂiellp t ool
(130)i5conprises: nodeling the performance of the strip tool (130); and

lorgdlt ﬁtl ng ]Eh@ strmnﬁea]fo@obaa%ﬁd Phereh &m{nafgttﬁersnwa@ f@fthetmtsalraa@) doRpHses( 130)
an e @er or

det er mi ni ﬂ:a—mtnwngxg ftrrqi rﬁte gqa%d png Brc-sl{lﬁﬂncB}ess Iarbd atpos(EI Ftrqt tigltsx)ass of a kevmusgl sDrocea fl g?ﬁf‘ﬁ ni ng

the strip rate based on a pre-strip thickness and a post-strip thickness of
a previously procesge@bdekinm 1, ftheddpid@b:nod of claim 1, further

conpr.j,si ng: 20 _neas |-reflect|ve coating | ayer
(240)2|0 det er meabur% y{h!cﬂgss oftB %ﬁ%&??&c&im%%r(?[bz the thickness of the

anti-reflecti é%ene'elaﬁrﬁ@muw@i@ ‘"(“2‘21’6’)’ on thefickngsp off theyaptivistlsctive cestirgriayer B f¥ci pe of
the strip toohoedifh3f)hc bpesadiak ©dipetoh tre grig@bler30Dhaset e the grat@to€ the biererh dmelarid hie
mnimmstrip timey;Zo,Swp &g Method of claim2, further conprising:
processing the wafer 1n tﬁe strip tool (130);

25 5. The method of claim 2, further comprising:
processing the wafer in the strip tool (130);
measuring the width of the gate electrode after processing the wafer; and
updating the performance model based on the width of the gate electrode (230) measured after processing
the wafer,
30

6. A processing line (100), comprising:

a first metrology tool (120) adapted to measure the width of a gate electrode (230) formed on a wafer, the
gate electrode (230) having an anti-reflective coating layer (240) formed over at least a portion of

35 the gate electrode (230);

a strip tool (130) adapted to remove the anti-reflective coating (240); and

a process controller (150) adapted to determine a strip rate for the strip tool (130), compare the width of
the gate electrode (230) to a target gate electrode critical dimension to determine an overetch
time based on the strip rate, and modify the operating recipe of the strip tool (130) based on the

40 overetch time.



measuring the width of the gate el ectrode after processing the wafer; and
updating the perfornmance nodel based on the width of the gate el ectrode
(230) measured after processing the wafer, 30 6. A processing line (100),
conpri si ng:y 01;/ ;2\63( met rol ogy tool (120) adapt ed to nmeasupgr g kgt h of a
gate el ectro e 0) fornmed on a wafer, the gate electrode 6 havi ng an
anti-reflective co"éltel PERgesFiag lise (109 pHylaim Gy W‘Eff‘"d%ﬁm&? cqnizofies (130) ﬂ)‘d‘F"(PfeEBF? Sigfe a 35
t he gat e petoetiteombeel E2BONTip tavl §BA) kgl prediol the skPOIte imcke pt e chatagerisiizmithe sttighieol (130)
anti-refl.ectd M@l hdg, (240); and a process controller (150) adapted to
determne a strip rate for the strip tool (130), conpare the width of the
gate electrode (230) to a target gate electrode critical dinension to

det er i ne an @8ver eTlglprocessimgeling AHBIPT gl f¢he procispeontadller, (LN adaptdil foydetehyane the

oper at i NGrif, G i%neQhrip tdaB(1 ) belsdd oh @ Bte-sikid BlneR TR0 Burib m@kneékf&f@mwc@ymo&ssme -7
WO 02/ 05300 PCT/ USOE/21338 7. The processing line (100) of claim®6, wherein
the procéds controller (150) is adapted to store a performance nodel of

the strip tool (130) and predict the strip rate based on a characteristic
of the strip vool f{HkIkessidNie 1100 op@dih 6] FHRAABCHRMPREAL b second TnetroldR topT (OIS SdaptéH]
line ]Q)J‘OQ() meaqurecal t@!}km:s? P.'f tﬁqutl gﬁe%&v%%?amfg?%lg@ét %g&}ég’}mée& c%@ﬁ’e} ggf)t)t)s%d%}ga %I’ m ne

the strip ness and
a post - sthtPrﬁmt’ hmwﬁ@sgﬂwne&as&ﬁ* BVoliskngs gt %@@gﬁ’actwwt@ﬁ layq (24?}1@(1 prdEdessi ng
i ne ( 10Qperddify redif@ioNthdstripftant (1508 bas@i@ATE pr8dtdn of tie cs@adnithe araitiicalitgym tnipalme( 120)
adapted 10 to nmeasure a thickness of the anti-reflective coating Iayer
(240), wherein the process controller (150) is adapted to determ

mi ni mum st ri p i meTisPusesivging ({0 ohglaip fdurdergempriioe & spegnd F@W"?l%f@\/é‘w&??&?tfdn

| ayer1s( 24dheaauncthaneickh bf/thé fae electipéy @Q10) afyr preessipe ofthe wafke insther strip toad (IB0)( W1BkRin tﬂaas ed
on the g ﬁﬁ)@&@%t&flﬂ%@@ 1&%&%@%@4@@& tﬂ?urt n&%d%a@édmrlme%diﬂ b hJ@:eiectJDQG (2-5556

processi | aim7 her conprising a second netrol ogy

t ool (14®easéra%ﬁf@é°°esil¥‘tf3‘e%f8fsure the width of the gate el ectrode (230)
after processing of the wafer in the strip tool (130), wherein the process
controller (150) is adapted to update the performance nodel based on the
width of the gate electrode (230) neasured after processing of the wafer.



