METHOD FOR PLANARI ZATI.ON ETCH WTH | N-SI TU MONI TORI NG BY | NTERZER%TEMB
- PRIOR TO RECESS ETCH 5 10 BACKGROUND OF THE | NVENTI ON 1. Field ) :
| nventi on The present invention relates to wafer processi ng met hods and,
more particularly, -to efficient and cost effective planarization etch
operations for wafers. 15 2. Description of the Related Art In the .
~fabrication of sem conductor devices, there.is a need to performwafer

--planarlzatlon ces are'lnt'he
formof nmulti ﬁﬁmﬁhEMAmmﬁﬁaﬁi&[mﬁch are o

i mportant pr oclNﬁ-&ITUrM@NIﬂT@RINGOBY INEERFHEROMETFRY whi ch are

becom ng nore. conmon. One?FiI R[EE@ 'E"GHS in 20 integration of

enbedded devices is to fi a preV| ous etcg diumto deep trench (or

- contact) with polysilicon, and to etch it back down to a certain depth. To

insure a uniform fill, an excess layer of polysilicon (up to 3000A) is
depdsited above a sili con nitride mask. As a result, the renoval. of
polysilicon fill to a certain depth, has two mai n steps pl anari zation and

" recess etch. The planarization step is removing the excess polysilicon 25
layer down.to the nask |evel; and the recess etch step is renoval  of _
deposi ted pol ysilicon |nS|de the trenches down to a certain depth. In a

. typical enbedded-device integration scheme, there are several recess etch

stefls. The third recess BACKGROUNROFEGH EEHUEE!HONcaI led Recess 3) is
extrenely chal |l engi ng because the desired depth below the mask is very

shal | ow, - To ensure a controllable and uni form shal | ow depth in all trenches:
(or 30 boﬁt%p‘é',xheakwe%tson he wafer, ‘a very uniform planarization step is
typically utilized. In " particular, chemcal mechanical planarization

(CWP) oper atlihe rpsesamemgemmna’ela;esue edfar@roq:mbsa:@meﬁmdpamy gnéreartichlarlyi t9gs

bet ween recess etch processes., Wthouyt planarization, 2 8 APR 2006

fabri ca?élﬁﬁnb?ndﬁﬂs? Geliyg izatiom etghgrerations g wafeSybst ant i al |y more
difficult due to the wvariations in the surface topography. A chem cal _
mechani 3aDeprintion ofthie BelgtelBrtsyst em as is typically utilized to polish a
waf er includes system conponents for handling and physically polishing the -
-surface of dn the fabncatlon of semzconductor devices, there is a need to perform wafer -

planarization operatlons.___ Typlcaily, integrated circuit devices are in the form of multl-

level structures. Planaﬁzatibn and recesé etch are important processes for the .integration

of embedded devices which are becoming ﬁore common. One of the. intenn#djate steps in

20  integration of embedded devices is t0 fill a previously etched medium to deép trench _(ot
contact) with polysilicon, and to etf:h- it back down to a certain depth. To insure a uniform

fill, an excess layer of polysilicon (up to 3000A) is dcpositéd above a silic_on nitride mask.

As a result, the iremoval of pdlysilicon fill fo a certain dgpth,. has two main steps:
planarization and recess etch. The planarization step is removing the excess pblysilicon ‘

25 lhyer down to the mask level, and the rcceés etch step is removal of deposited polysilicon
inside the trenches down to a benain depth. In a typical embedded device integration
scheme, there are several recess etch steps. The thifd recess etch application (usually

~ called Recess 3).is extremely challenging because thé desired depth below the mask is
very shallow. To ensure a controllable and uniforrh shallow depth in all trenches (or

30 contacts) across thc wafer a very uniform planarization step is typically utilized. In
particular, chem]cal mechanical planarization (CMP) opcratlons are generally used to

planarize polysilicon fillings between recess etch processes. Wlthou_t planarization,




5 wafer. Such conponents can be, for exanple, an orbital polishing padhr oy
a linear belt polishing pad. Unfortunately, use of such a system can be
~extrenely problematic.. To planarize wafers in between etch operations
typically requires transporting wafers froman etch nachine to a CWP
apparatus. Consequently, tine is |ost-ishen wafers are being transported
bet ween the CMP apparatus and an etch apparatus. In addition, transporting

10 wafergs, can increase the risk of contam nation and may requife additional
cost anoé@?félﬁgeocfrﬁ’&iﬁ’i B? Hflg‘%orb}?ﬂ?fé _ eﬁ%‘in%ﬁ‘i&‘ﬂﬂ“ﬁgy IROIR ’rcflﬂ ‘{Vﬁrtg r, a
devi ce tQ.tf:ans; etween the CVP apparatus and the etch

Arial St alrhie Mo

appar atus nma e nee nore, utilization of the CMP apparatus can

have addi ti oAathehticdl bheehaiteal plaatiesion (OMPEsyRAT astie tipiealyakitivePlogrdhi ng
operations. For _exanple, typical CWP 15 apparat uses magi be able to :

pl anar i ZsWafer ifrbides sysieragpmporsntgior hewdling aadaphysirelbspolisbingdhe surbge obat in

this : i th |i shi | i Z1. _ ' .
typi dal R SERLECPudl PGS Skl 7 ool PRV b P TR el o1
-after t hplihing tpadayBhforfiaate 3¢ a8 BObhchNE dya¥aYoan U Sltkewtdy hoblerhdtics T8t hod
-may have diffrculty in stopping the planarizing process before a part of

t he seciehariag evalérs in betwicenl etoh opbratipnd fypivally req@freCoanspauiong waferstfimg amay
present probl e in iple etchi procedures because a single .S N
br ot et 9 FUSERe; € 4 INR BPRA o PSPPI o men BHBED WAFIS i, bEing
Ci r cunstigcortdd\berwBi LR SCRP APp¥ratds! 4 ¥h $PP&afs, dh !ad@iftioh,hﬁ%rghﬂg\hf yer

‘before.the etching process is " conpleted resufting in inconsis fer’
pr odés siwafearodn pogeisblte delusi coptahsinatie 4ml mbe requizt edditidbal dostr akdaxpendeher e _
is a need for an appar.atus that overcones. the pr ogl ens of the prior _art by

* havi ng 4°ABEHBHCAOPIEUDRGATe AYIINg WASPPE nYOREONE & dFViCeal? E%‘HPML“C Réger

W t hout be}@%n%eﬁﬁ&l’\é@ﬁﬁém?ﬂﬁd ﬂ)lgggclggagg%gp_{glq% where the extent of

waf er polishing may ‘nonitore ¢/ OF THE | NVENTI ON 30 -
Broadl y speaKumigernions mtidigativn ofitenCMIN appdrhias iche dave addisiohyl poublésdrg a
met hod for etching and accurately planarizing wafers in qne apparatus. It
shoul d U&UsHPYEETesneat tp dhe wader PRCEHENG PPErIPBh CEQF SamBpipl B eMibn

o iDaet A 2o BBNESESE 1088 PO U5, pAigL 0y LAY o o
descri beslydlicow, bun ipnhisepivoessrendpoiit R tIROPolithingd (O phakAgnge paRssLich
operati Qf?psicziﬂ?y geutgcstéc{ %;[/ ggnsiinsg contact with a different layer of the wafer after the first layer
has been polished away. Unfortunately, this méthod may have difficulty in stopping the
planarizing procesé before a part of the second layef is removed by the polishin_g. '
20 Consequently, this may present problems in multiple etching procedures because a single
| SiN protective layer is often utilized for all of the étches. In such a circumstance, CMP -
processes may strip away some or all of the SiN layer before the etching process is
completed resulting in inconsistent wafer processing and possibly causing damage to the
wafer. 7
25 Therefore, there is a need for an apparatus that overcomes the problems of the prior
art by having a method of accurately planarizing a wafer in an etching chamber without |
taking the wafer out of the etching chamber where the extent of wafer polishing may be

monitored accurately.

SUMMARY OF THE INVENTION

30 Broadly speaking, the present invention fills these needs by providing a method for

etching and accurately planariiing wafers in one apparatus. It should be appreciated that




-5 provided. The nethod includes fornming a hard nask over the su@? !
~etching a trench in the substrate using the hard nask. The nethod also™""
includes a dielectric layer is. formed over the hard mask and in the
trench, where the dielectric.layer lines the trench. A conductive material. -
is then applied over the dielectric |ayer such that a bl anket of ‘the
conductive material lies over the hard mask and fills the trench. The"

met hod further 10 incl udes etching the conductive naterjal to substantially
pl anar i ZBetpeseROHYAREGN eanbr ERplamenigh dn avmeEoust WalsnICHIdinghas & PIRFGES i2le

material_triggers. an en oint just before.all of the .conducti erial
e enovBr v aF: Adelee Pt a mittod ayeier paverfve PRPedRRRE abs Pl 7
Then t hegneemthiCirk WeschBtEpdialy. i S recess etched so as to renmove the.

- conductive material over the dielectric layer that overlies the hard mask.

- and renoves a ) e conductjve ial: I it hin: t he
frenchl e ant HEShRSRinCh BB BT robets Tepehioht Bllublirledts' N
oper & | ofgvided. SPRS hieBiodSintRdey QiR a HHE iRk NAds tenodbddas: andadtciiing i ng a
hard mask over the substrate; (b) etching a trench in the substrate_ using
‘the har direnebidn tiejubspataivgipgdheihatigoaski dHeapethod alge inclides adielectais layghis i n
the trench.where the dielectri.c.lines the trench. (d) applyipng.a 2
conduct | PR YT BF afapedasdh it ey e Saier s pdy B eBrls A ne
conduct | 4B irdlerial i heRVpIibARVBRRE FRRKRYE dich hiea biaRENO! 0)
-etching the conductive material using a first- chemstry to substantially
pl anar i zepnduetieondterial Vies meee theahardhmask wik fidlsche ngndi. (The methed uarther '
mat erj al, tyi.ggers. an, endpoi nt just. before all, of, the conductive materjal is
renoifeq inFIAPDSERng e ShreieRys naterial Br StbRaptleh pmange dhCTRAPEE YRaBRETIAN o ¢ he
endpoi nt [Holel G = Y, i | Qi béthle HIEGETSe
et chi ng "EV érectgﬁghc?:l%i g%téﬁpﬁ;@ﬁﬁ% ﬁ%ﬁgl g@?glﬁdangﬁg '(g{lﬂrjyﬁaﬁéfhgcne -of the _
i nt er f er comelctyvemaietial ismgmanetl fromi owed thet dibleswicdsydrahatroyanies thehbardamagbict | ve:
mat eri al_over the dielectric¢_layer that overlies tB"re? hard pask and renpves
‘at | east Theft the spndyctive Srtanal isfecssa cishpd po A FEMOVRHT SOREUEEBHCIYRYSY ) -
.repeati | [ ‘ ' f Gple
avers ofe RACIARIARE Hof bugEOHE hakd inall Fpfepfiel al iR alor B¢ Epiticlited
enbodi nembterial fremhwithif olic Pemhessi-ng recess etch operations in - substrates

~is provided. The nethod includes formng a hard nask over. the substrate and

! g _
“etching a treftHnPRCE fanRadiBentatde THEhPY 1OR PTREFSHNGRIGECSSTRIENNEPFHAUOR) 1B
i ncl udes,, ] Sk Xl er, : - ' he
L rench RERERE Foyidkl, SAL A SRR PR s RBRE RO Sufhale
further (Waeldldes aapplly iinghasystryeidsigohentpiré maak; @)dorning a dielcc;tric layer

over the hard mask and in the trench where the dielectric lines the trench; (d) applying a

20  conductive material over the dielectric layer such that a blanket of the conductive mz_xterial

| lies over the hard mask and fills the trench; (e) etching the conductive material .using afirst
chemistry to substantially planarize the conductive material where the etching of the

‘conductive material triggers an endpoint just before all of the conductive material is
removed from over the dielectric layer fhat overlies the hard mask, and the endpoint is

25  triggered using interferometry monitoring; (f) recess etching the conductive material usi_ng

" . a second chemistry and one of the interferometry monitoring and a timed eich so as to

" remove the conductive material over the dielectric layer that overlies the hard mask and

removes at least part of the conductive material from within the trench; and (&) repea_tiﬁg
operations (c) through (f) one or more times to form multiple layers of the conducti\_ie' :

30  material in the trench.




~dielectric l'ayer such that a blanket of the polysilicon material® Bi @9Ros8E
- .the hard mask and. fills the trench. Then the polysilicon nmaterial is

~etched to substantially planarize the polysilicon materi.al where the

etching of the polysilicon material triggers an endpoint just before all
-..of the polysilicon material 'is$ renoved-4romover the silicon dioxide |ayer
..that 10 overlies the hard mask. The endpoint is triggered using :
- interferonetry monitoring, and the etching of the conductive nmaterial uses:
~a first cheni dor¥etianethgtiempodinent, e methed $mpprovessingetdeess ethle rPPEEAEERS iRt ches

irenel ShOMBPEUBSARL R AR Shot B bRl her PR LPAREE" ©

~di oXi de |etihg & BhchoMeRd LibsratB @sia i PRAknARI THE RS Abo Litfiles Riddingh t he
polysilicon 15 rmaterial fromwthin the trench. The recess etching uses a

" “second clsdidostdigxide tiyerioveg ti@lRard nidek aaddn Sfebtrerhewlze tet sibem dibxidhdayeresent.
~.‘invention, are_nuner,ou Mosit )ytably, by creating a, nethod of, planagi zi ng
. a wafér ﬁ&?ﬁ&gﬁ’? 7Rty The ml%ﬂﬁﬁlf&e Higlydes; anpling, ﬁd}?éxsarﬁfﬁ,onwaﬁ@ﬂal BYSdHeti on
. may be rrqﬁi‘g L f-@r e | 1 WQI ﬁ ' eat er
-20 wafer yi Sﬁéﬁﬁﬂk%ﬁ% er Srrfgﬁsu%‘%l %ﬁc@olgﬁtg. '% %E%Pftlﬂg?%éwho \ggg&t he
use of mifiilsi heerenehchTivg theepolgdilicods mardiabtic Richband eubsioitthllyi slasarive the
~different etching operations may be used for.recess _etching and for
pl anar i z ROIXSHicen dpateripl Wh@rea@aietq%m ofi the pelysilispa matersad tHZeTs F SRS jusid i n

sonme enbadi f : ' ' rd er onet R SANE Q.

aocur ate SRR AL pbEERES, BRI rnhdVefiigih SVEL I oot diolif danh shar o
et chilog - awerlies tel lard friaglat TR enippint es @ipgtiedtiutiny ifeiTetitieds) thonitiRing] st e
rapparatus without having to transport the wafer to a CVP appar at us.
Mor-eover etahirg off hiasonduative matenal meesio fisstichemistydreluding (Flattie, vad $8%. (han is

typically i L.abl KLl zin R. _This may result i mre controlled
_planari zé?elq%(%d ﬁ%lcggggﬁécpg%ﬁh%g%o%@phmaae slffl%fn%e&uﬁﬁ irl]i‘}l‘%%crf)g}e_ o _

nul tipl e ni@fRsing eindhe Himbdt dehso fRAG febitve tthe gag;sﬂicaﬁshat_erﬁm Heer"BERIRGNDY a
CWP process. 30 Additionally, because wafer doés not have to be taken out
of the etdoxidpbaenthss eediestthamepbmaskl and rehwvenat ashpat uf thepolysilicon

- pl i i or fer. i opi fi tly.reduced -5 2.8 APR .2008. \f
Phr odgnp vy iR Shepfihe BEnd)-oTed fep B cichin S BaeRanEip e P ARGt he
-~ met hods ¢fe, bth@spg.esent invention wafer production and wafer yield may be

i ncreased. Ot her aspects and. advantages of the present, invention will
become appar erfthefadwantages of the present invention are numerous. Most notably, by creating 4

method of planarizing a wafer by utilizing étching and in-situ interferometry, wafer
production may be made more uniform and may take less time which can result in greater

20  wafer yields and lower wafer production costs. The method involves the use of multiple .
| etching chemistries and etch chamber conditions so different etching operationé may be
used for recess etching and for planarizaﬁon etching. In addition, for. the planarization

process (and in some cmb_odiments_ for recess etching), interferometry is utilized so - -

- accurate endpoint of polishing may be monitored in situ. In this way, both etching and
25 planarization may be accurately conducted in an etching apparatus without having to
transport the wafer to a CMP apparatus. Moreover, the planarization may be done in é
‘more accurate manner than is typically available by utilizing CMP. This may result in a
more controlled planarization process whereby a single hard mask may be utilized for
multiple recess etches without fear that the hard mask may be removed by a CMP process.
30  Additionally, because wafer does not have to be taken out of the etch apparatus and

transported to the CMP apparatus for planarization, wafer may be significantly reduced




- invention

. the followi ng detail ed description, taken in conjunction-with _'thg. AP q 5
- acconpanying drawings, 5 illustrating by way of exanple the pri c@p‘? %‘fg?

t he present invention. BRI EF DESCRI PTI ON OF THE DRAW NGS The present
invention will be readily understood by the followi ng detailed description
I n conj-unction with the -acconpanyi ng .dcaw ngs. To facilitate. this
description, like reference nunerals designate |ike structural el ements.

10 Figure 1 shows a cross sectional view of a trench that has been et ched
into a warérwafemthapughpabmay be significandyriiocteasedt @?ﬂsﬂwﬂﬁb’ebﬁ rtilizingethei on.

Figure 2 Vi ew o sub rat fter .an.di eI ctric has. been
appl i ed pgerﬁg\ﬁﬁgﬁp}eda&segi mtvagt“{“r%ﬁt ro prdioprad Pvragﬁé’ff“‘ﬁ E?Sé q‘SF‘ilI ed with
pol ysil.icon in _accordance W th one. errbodl ment of the present invention. 15
Figure 3 il uSthedtasRecihand adsiantages ofithg present lawréwontwél becamgrappaenioliont ch

has been C h Qn r

e RN Sl TS RN B W o RO BOR PR b Bl 0 e
recess eilhﬁtrh@ngl@pﬁ'@ﬂrﬁ@@:ﬂplbﬂﬁ%ﬁ]dfpﬂlﬁ%fmetﬂ}e&ﬂﬁneml ment of' the present
invention. Figure 5 shows an exenplary structure of the trench after the
structure such as one BRIENDESCRIPRIQNGF THERRASINGS ned with the
dielectric Ia)f and filled with polysilicon in accordance with one -
embodi ment  of bﬁepfﬁﬁ?f@é anventiope will obe reddily rén®r%m\é3Yath%i@WmByd%&iQ¢ct ure

of the tr anar tion etch | ces

2t e ur SERAPABL i CofheB AR Bt Gt e TR ek frastes, o felBhe Wi FEERRISR. s
Figure 711E@ﬁf&eﬂ%@hmbﬁéﬂgﬁ&éﬁﬁéﬂf&tﬁﬁlélé]ﬁeﬂt£enCh after the recess-2 etch
as been conpleted in accordance w th one enbodi nent of the present - -

i nveHli on. Fi Emuee Bsmcms sxanmlamw of n tretiely havliasttieen efchad intodaovatert he
trench structté\m_l shown ‘8 ﬁufrtg is lLined with the silicon di oxode
and is fH3%EF ‘fehw%f’%?rpp‘& rephof the prsset YEniPRh one embodi nent of -t he

~ present i nVenFngszﬁQwFé PYiew o?tﬁé‘%tr@te%fté%di&l%ct% 1%?‘%§h5§€ébﬁfhpﬁh'éd % a
‘recess-3 etch operation in accordance wth one enbo - present-
invent i osurfage glitke ronchhond thehgemty hestheer filfed tvich polysiticonfn Bcgudanc® veflt er

~the recess etch-3 ha enoved.a portion of the polysilicon and after the :
har d nasﬂn%%b%@ﬁmr‘gﬁ%%@ﬁs‘f%“&’@ BP%ance with one enbodi ment of the. present

i nvery i on. Figure 3 illustrates the trench of Figure 2 after the planarization etch has been

conducted in accordance with one embodlme_nt of the present invention.
| Figlirc 4 shows an exémplary structure of the trench after the recess etch is
- completed in accordance with one embodiment of the present invention; '
Figure 5 shows an exemplary structure of the trench after the structure such as one
20  shown in Figure 4 has been lined with the dielectric layer and filled with polysilicc_in in
accordance with one embodiment of the present invention. ' |
| Figure 6 shows an exemplary structure of the trench after a plananzatlon etch is
'utlhzed for a recess- 2 structure in accordance with one embodlmcnt of the present |
mvent:lon
25 Figure 7 shows an exemplary structure of the trench after the recess-2 etch as been
- completed in accordance with one embodiment of the present mventlonf ‘ N
Figure 8 shows an exemplary structure of the trench where the trench structure as
shown in Figure 7 is lined with the silicon dioxode and is fﬂled with poiysili_con in
accordance with one embodiment of the present invention.
30 ~ Figure 9 shows a structure of the trench during a recess-3 etch operation in

accordance with one embodiment of the present invention.




Figure 11 shows the trench after three recess etches as shown :21 F'gﬁprﬁmgo _
with the dielectric |ayer added to the trench and with an inte gy Alate

- dielectric (I1LD) covering over Figure 12 shows the structure of the trench

where conductive lines enter into three layers of polysilicon in _
-.accordance with one. enbodi nent of thesepresent invention. Figure 13 shows
.an interferometry graph where a y-axis neasures the intensity of the trench
"~ in accordance w th _the one enbodi nent of the E:r esent invention. 10 two

“light signal s FaEe 4 shows e Simasue e therirack f Figvee 8 afien giemeespiithal hasai i on -
etches i ACGO : -t di pent of - the.present knvention, . .. |
" DETAI LED?E&%%&I EW #&%&érgﬁﬁ%ﬁﬁﬂﬁﬁéﬁ%p‘ﬂﬁs ; Bos, hesm e D) oseq

for a newbagdinee withedneicatiddineradfthGreseal @lehtihanari ze wafers in between

 ‘recess ‘etch procedures wi'thout having to nove the wafer out of an etch 15
appar atus. | nFigwee i bshowi g tgactcaftgrithien reassmasclnssis shewn fni Eiguest H) with thee set -
“forthsin,order t.o provide horough upder.standi ng of t resent :

i nventi o e, lSeP TS o g B G TiepgYs e Byl LT BRe oFet n ¢ ne
cart, thathdditheR %8Rkt Sl B8 oFRYmBSIRIA! e Preskhifi@UioROTe of all of
-these specific.details. In other 1nstances, we known process operations

have not beenFinase il bkows thedatieinte ofithe t@ach wheretconduvipedssaentbyinobtéces e t he

.20 present _inventign. ILn general terns, the present invention is directed
“toward aP%’tstﬂf@oiMﬁ&CQBF gyoraapes,wish sne smbadignepbol #he PreseRt INYEIESA; unction

Wth in-situ j I 1.0 AN I e d: fers
' Betweon T e uee” &7 SRORE BY OrBbky B v e o RRSH seints BORBREro D ¢
of el@hi two dightasigbals asd aByk-ads ngasuedam erchtiine duting e planaeatbngichpeimt i ons
25 may be made nore accurate and efficient because a CVP apparatus does not
have to BRSOTEHNFE Pt pne emborianent ehbgpresertig¥entivBet i onal view of a trench 100
that has been-w{)g"ﬂ,ﬁ g oHbstrate 108 of a wafer In accordance with
~one enbodi nent =eFr—+HE—PFESEF e O - L 100 has
been et.ched i nt:o;; 1.r . The. rat . IS0y ) .
enbodi rent , e ﬂ“?%%%&%t%%?%%ﬁ%{z% @‘5?\‘@?‘%’?@ é‘%ﬁ@ e O%fgrra%%ﬁg S Hed
wi t hi n t afersindsdtwedrered€ds b piseedafesanithdt hhvdihg € Gldive ghoopefed bir0st ahQfich | t
: sh_oulérj be understood that the trench 100 may be any depth dependi ng on the
specl¥ i caRRagAius. disthe dellgwwing dsecripsion ceurpereds enegificr dsaitstase vigifferth in grdspto
enbodi ne - +.h h |, Sy: o] v (A +00B) ) ut
S0 000 At .nl&gegtwﬁfogl%g ?Iglt%gstérﬁinflé U AROPesch?: R0 t{onl ALOHTOBE unkiBrs AR
' however, by one of ordinary skill in the art, that the present invention may be practiced

without some or all of these specific details. In other instances, well known process.
operations have not been described in detail in order not to unnecessarily obscure fhe
20 present invention. )
| In general terms, the present iﬁvention is directed toward a method where_by an
etch process may be utilized in conjunction with in-situ interferometry to efficiently and
accurately planarize wafers in between recess etch operations without the need to take the
wafers out of etching apparatuses. By using such a method, wafer processing operations
25  may be made more accurate and efficient because a CMP apparatus does not have to be _
utilized. | o
Figure 1 shows a cross sectional view of a trench 100 that has been etched into a
substrate 106 of a wafer in accordance with one embodiment of the present invention. In
Figure 1, the trench 100 has been etched into a substrate 106. The substrate 106 is, in one
30 embodiment, a silicon material. Typically, the trench 100 may be formed within the

substrate 106 by use of an initial etching operation 108.




preferabl e enbodi ment, the trench 100 is about 15,000 A deep. ASZ@népp ongg
skilled in the art would appreciated, the nmethods of the present invenfion
may be utilized in any type or size of transistor technol ogy such as for

exanple, 0.10 technology, 0.13 technology, 0.1811 technology,. 0.25 .t -
- technol' ogy, etc. To produce the trench7100, a hard nmask 104 is first fornmed

" over the substrate 106. Openings nay be made in the hard mask 104 in
"~ locations whepe a trench-is to be made. 10 The openi ngs nmay. be nade in any

“sui tabl e oper HtshgRldsbre Andgsstoed thag fhenfsench HKbmay ibetrsyrdeptly depeddisgon g, For |

I'e, .yhe i hy is utilized ist. fil be spin .
 Coar e oECHEARSR Bt 0 @FRewcE sXbdckEFicim Thd, 551k, T perRRHrS Sl (e
- 1ocati ontrefcht 109 RPREMNEH '1b,$)09tA-|(h5§§{roxﬁéPQBtabﬁaﬂ 20060 Aén Faf'egd'h,eﬁﬁ@‘i‘n tghr ough

~reticle after which the exposed regions of resist are renoved. 15 Portions :
~-of .t he hpfeterahde kmbodinsntithe rgnethH0kisabeed 15,800 Andeepf Ashene skillat inahe atthen . .

-~ etched down to the s ﬁie'tgra e.106, ‘Then the resist _may be renmoved and the
~port i_on(g\jl)\ﬁl&f@???&‘at,eéﬁ n %dﬁ‘ﬁdh%Rﬁé%alwu?%@%&éﬂéHﬁ%m any tYRELTHEECd nask

104 9t By an inid i | Lt .shoul )
under ot oo AN doRlly stk dftor oEhIL 1 FRAAERO D pabariRiy o BEp

s et chi ng peinntsgy, 025lesRidedy, ¥Rl y et ches into silicon but does not 20
“substantially etch into the hard mask 104. ‘I n one enbodi nent, the-initial.
et chi ng oper al? prPduog therfresich HE0 sahard mpask 1084ds fiwsy fhmmes ovec Eessubstedte 186-1 as -

" described. ow_in,referenc o . Fiqu 3., The hard mask 104 covers regions
—.of the. sﬁ%%ﬁ#%st may be TW'EEHB tﬁ? bﬁ@h‘?’ﬂ% i@ Polocatins; whege 2tpench is tq By madeenches
may 108 SEheCoierpley hmad i he, syhst a1 h h .2 Ny, 1 of
mat eri al rray_plfe uglgi | zyed félﬁhd{ehgn h% %n?t%@cl%%?mﬁhﬁoﬁgﬁer%bgﬁo?re%}%aflﬂlgs’ o
- si i con photelithegragltye riichbtchimgu sBuet. exampie) ewlssrbpltbtolithbgraphye ihatikizedpakediod i s -
“ - fromabout 1,000 A to out 2,‘00(53)1 A q hi ckness, ‘and .in a preferred
~ enbodi mett T3 PSRN RtR O VER e har Bk 10 . SHEN ATPYEle hdng & pattem;shovang

shows a b @¥¢afbn b theSepRaHA §s vl R (Ll . ' i o een
30 applied to a surface otgﬁ{)hseut rench I%O(%ngfrllﬁl ﬁéfo{'e%éénc lugg}% é{g@ i;@ten
fi'l l'ed \wkieh phsl axposadoegiond BPretist are aemovadiance wi t h one enbodi nent of the

present inventian. |1 should he: understood that although a polysilijcon
material is Uil ﬁhﬁ-%mé%emﬂ I Tebn B GeRtes! memnppREgEESCYA thimed

- herei m AEREdURAY to 't SutfRirate 408 HHG HE rdlRk HyHe HRYvOLartlf thk Lofithn(BraAd ©f
) substrate 106 exposed by thebpening(s)'in the hard mask 104 may be etched by an _im't__i-al |

etching operation 108. It should be understood that the initial etching opetation 108 may
be Aahy type of: -etching process. which selectively etches into silicon but does not
20 substantialiy etch into the haﬁ:‘l'mask 104, In one elﬂbodiment, the initial etching operation
| . 108 into the substrate 106 may be a recess etch 130-1 as described below in re_fércnce to
Figure 3. -
| ‘The hard mask 104 covers regions of the substrate 106 where trenching is not
desired. In this way, trenches may be selectively formed in the substrate 106. Although
25  any type of matériai may be utiIizéd for the hard mask 104, in one embodiment, a silicon
nitride material is-used. In one embodiment, the hard mask 104 is from about 1,000 A'to |
about 2,000 A in thickness, and in a preferred embodiment, the hard mask 104 is about
1,500 A in thickness. |
Figure 2 shows a view of the substrate 106 after a dielectric layer 120 has been
30  applied to a surface of the trench 100, and the —trench 100 has been filled with polysilicon
122-1 in accordance with one embodiment of the present invention. It should be

understood that although a polysilicon material is utilized in the exemplary embodiments




polysilicon. The dielectric |ayer 120 may be any type of oxide | ag ey &W@ﬂﬂﬁ
.has a relatively lowdielectric constant. In one enbodi nent, the ‘ ‘
dielectric layer 120 is a silicon dioxide |layer and is between about 50 A
to about 100 A in thickness. 5 The polysilicon 122-1 may fill and cover the
trench 100 to any thickness above the 8ard mask 104 as |ong as the accuracy
or speed of the wafer processing is not substantially conprom sed. In one

- enbodi nent t hi.ckness of the polysilicon 122-1 above the hard nask may

th : - ne. ne .
be bet weSPHURSH Refeitio 28V AthET 1B Ots edmsluativdpaierial Ry tspatibegdc instead of
differen h S0 a f _the, polysilicon
122 1 1 oPoaooh"The YRteotdt fayd oo ) WESHF Wpe R ofe Bivel AL BR Y RlateR
pl anar i zi&w dieletih caident. IS ohé ebaeitdn®, Bt ANAEIAE 1ayeP 82009 ¥ Silichs Abxidl- 1
down to ﬁql‘evr%lei bove the hard mask 104 as shown by line 132. In one
embodi neffyer ¢ SgF‘él‘f?ﬁm&E%&‘ﬁ@ﬁ&@wlM&lhihlakﬂeiSbn assi sted etch and

N B . 0 FERENAHELE Ta Rl S BRBR S S Pl B AR B ot ©
Al t er nat hael f&ORtas Yorkgt @shh&mmcptoggéeggf%&@w% g%g§%%€§l}e&ﬁe§§fmc' ow

Rates (sccns) PressureTenp Power Power SF6( mlor tts)(watt
Range300¢e8ROMiged3 Jo 2me tepi®diroants the3higknass 20 tHeOpdlpsiBEbnl PP @B&@0the hard

Pr ef 06610010010530, 15 ' ' t of th | ar i zat] tch .
Toa 1 ¢ HBSE IR e et ot HOOEHE A e ROt dbouBediues ikt roioaeabout
1200 wat gifferchoss bt RHSERE 166 WTE ng%mtd}%e bBRsHdHE 1203 ﬂ%@ﬂge&%‘)o |

watts. The bottom power of the etc rrno odi'ment i Fom about
30 wHi t sensyrearformIU0 Wathis embodimenp rafl etatieati@ndcid i B0 tis utilizedb pnakgut 66

watts. Wth respec he flow rates of the chemcals utiljzed in the
etch c hg]?ﬁé)lﬁ?ys né{ﬁ%—q c{own to a level agoye the hard mask 104 as shown by line 132.
. In one embodiment, the planarization etch 124-1 is an ion assisted etch and vtilizes B

the chemistries and etch apparatus conditions as shown in Table A.

Exempl_ary
Planarization Etch TABLE A
~Chemistry | :
Implementilig &P - First Altefnatlve Chemistry
Etch Endpoint _' Cl/He/SF
Detection ’ '
Ranges Top . Bottom Flow Rates (scems) | Pressure "femp
P | ' ‘ |
OWEr | Power Cl, He | SF¢ | (mTorr) (C)
. (watts) (watts) '

Range 300 to 30 to 300 | 20to 20to [ 2t050 | 3 to 20 -10 to 80

1200 200 500
referred | 1600 66 100 | 100 | 10 s | 30
15 In one embodiment of the planarization etch 124-1, the top power in an etch

chamber is from about 300 watts to about 1200 watts, and in a preferred embodiment, the

top power is about 1000 watts. The bottom power of the etch chamber in one embodiment




He have a flow rate of about 20 sccrms to about 200 sccns with th@ pogeR -2;08 -
preferred flow rate being about 100 sccns. SF6 has a flow rate:of about
-sccns to about 50 sccns, and in a preferred enbodi nent, .SF6 has about ‘a 10
sccns flow rate. The pressure in the etch chanber is fromabout 3 mlorr to
about 20 niforr. in one enbodi ment, and ighe pressure is. about 5 niforr in .a

. _preferred enbodinent. The tenperature in the etch chanber in one enbodinent

- is fromabout -10 C (degrees Celsius) to about 80 C whi | e the tenperature
. i s about ig8fro@ ahouh 30 mattete ebbut 3H0 dvatie wtith 4 prefimed lethHodirag ntidiz g etotihGh

| ot her. cheni.cal s, be utiljzed in place of the exenpl ary chenicals ip the :
oot moRatRe it sepee e ey reterngihEchempals Uinpd so Biectte e Clapdice T
“such as  fgt .\y ‘ . _ ;

cont ai ni r%é 'é%‘)%ﬁlﬁﬁ rr%éy(,fr-zg)tgﬁ%%dﬁ%%%o@uc °“§g@9 grﬁﬁe%x%}ﬁp emfokjgé fe@ﬂ ,ﬂog—lFB, :
etc. I n yete behrpodboar 1@ EuReisTESF, haoh et aizesh ahs? saynde hobs5o sedngdahdr C12
~'such as, for exanple, HBr 15 and HCI, etc. The planarization etch 124-1 is

 used Al onl agrefsrred eabpdinsmb Iy hae abeitiaelfesaems dlovraterp hhe praspigye a8 thegfichuch

- of the polysili. 2-1.abave. the hard pask 104 is planarized. Lt shoul d
' be under ¥R R AL I3RUF © A POPEIEE Py BB i B mesisitor ¢
-etching aBb@ACEBSKSr 8P a lpadTerra® efnbedifRAt.t Thé RdnrathitSinPthe il ERinitep itf 8fle be
- done accurately. In one 20 enbodi nent, as discussed in further detail in
- ref er enc émbodiment ieirom abaht +0Us édegrees iclsius) e abaut 801{d pdiilatthg teEMeratencdst i on, -
two i ghtbsi gjg)aés -wit? di ff rent. v¥avel engths are wutilized to determne .
 when t he 22%WiEnath & BB Y891 has removed enough of the polysilicon
122-3ofrom t he sHEfI@aR Bprédifed Uhs 6MEL AORICAR BEY IRV &ilfzcaURS bRBE iof! thy
pl anarized surface. In one enbodi ment, the planarization etch 124-1.
- pl anar i zesemplty Senmings gh thef erhbrelimentyssi dhowann Figure 4.0 Fohexirapld, amshotdes
-and. the dielectric k_ﬁyer 12Q are nt ouched Int}lhi S enj]jodi ment ,. about 10
A to aboS By TaPlace Hyjwugh @s dorpex e’p‘g{’fé‘?'l i1 gpptharemiodiment. 2oV SlPUFng he
~ hard mask,, ']?g‘léb' [ ' 2 t inz ak4.0N ch
'124-1 -hago#gﬂlﬁ conl%@ngf A’F‘%@%?E@éﬁ“éﬁ’ g’ﬁ%&%‘?ﬁ%ﬁ?@’%ﬁ&%&%&th 0 Ato -
about 2@fothendmivdemput, pthet cloamcdl® Pray beanbstituted éor Glh sudbaasdforesimpledHBnd t he-

di el %_ri‘c I-?ﬁéﬁr 120 30 after the planarization etch 124-1. Figure 3
i 11 ud?rafBdHHe®r ench 100 of -Figure 2 after the planarization etch 124-1

,‘ Pﬁién?fgﬂ. ‘czp@t;laﬁitpg&ahaa@&p%ﬂ%ﬁﬁ i ﬁs@d%&g%ﬂ%t@ﬁ&ton?étrf fieadhiRR SRk -
o monitoring of how much of the polysilicon 122-1 above the hard mask 104 is planarized.
It should be understood thét any type of interfefometry may be utilized to monitor etching
p_rbcésscs as long as the monitoring of the planarizﬁtion can be done accurately. In one
20 embodiment, as discussed in _furtﬁer detail in reference to Figure 13, with use
interferometric endpoint (IEP) detection, two light signals with different wévelehgths are
utilized to determine when the planarization etch 124-1 has removed enough of the
| polysilicon 122-1 from the surface of the substrate 106 to achieve a substantially
planarized surface. In one embodiment, the planarization etch 124-1 planarizes just
25  enough of the polysilicon 122-1 so the hard mask 104 and the dielectric layer 120 are
untouched. In this embodiment, about 10 A to about 300 A in thickness of the polysil'icon' |
'122-1 remains over the hard mask 104 and the dielectric layer 120 after the planarization
etch 124-1 has been completed. In a preferred embodiment, between about 50 A to about
200 A of the polysilicon 122-1 remain over the hard mask 104 and the dieletric layer 120
30  after the planarization etch. 124-1. '
Figufe 3 illustrates the trench 100 of Figure 2 after the planarization etch 124;1 has

been conducted in accordance with one embodiment of the present invention. At this




-10 point, a recess etch 130-1, which in one enbodi ment i's an .i @8 a&RR 288l
~etch, may be wutilized to partially etch the polysilicon.122-1'in the
trench 100. Tabl e B shows one enbodi nent of the chem cal conditions and
etch apparatus conditions defining an exanple of the recess etch.130-1.
Exenpl ar yTABLE B Et chSecond Chemi stry-@hem stry Ar/ SF6 RangesTopBott onFl ow
Rat es (sccns) Pressur eTenp Power Power (mTorr) (C) (watts)(watts)ArSF6 Rangel30
to0 to 300 to 30010 t 05 to 20.10 to 60,500 Preferredl750200151030 As
‘i ndi cat eBOTh EHFE §05n133 rl/»smc‘ﬁénmel grakefimentolscanefsioassiist tcht MaR QG d be

appreci a t - I : Spbst, Lsugha.as  f
ol ¢ P poraity, 86N e SRTylibtn 22EH T the HeRD 100, FookB iBRs Gl

ut i |i zedembodgin@aeofothe ShémizalcdondRiont afid exhappLatuEohditidn defibihganieagiprnt ,
the top power range is from about 130 to about 300 watts. In . a 10 preferred -
~ enbodi nedf thegeress Ggh h3dr i s about 175 watts. The bottom power,-in one '
~enbodi pent., Ry be between about O.-watts and about 30 watts. In-one
enbodi t. the [flowrate for Ar may be bet ut 0 and 300 sccns.| A
pr ef er %@W’Fete for Ar is about 200 sccﬁmgflow rate, in one |
enbodi frent gydor §F6 is between about 10 sccns and about 100 sccns. A |
preferfed flowrgte for SF6 is about 15 s®erepd ChemigEssure of 15 the
(i.e. ArChéisiry 4 from about' 5 to- about 20 niforr, and a preferred pressjure
is  abput 10 norlr. The preferred tenperature AffSFhe gases- is from abou
1.0 abop—88—C—ard—t-ho—RBst-preferredtenperature | ; .

t he enpagk t|inrdpe |"rBsitra Pf TR tive i-pg| of
pol ysi icolflgt:?ZZ-l il?l substra‘?‘gl)& may g{ea%esc%ﬁ!tn%gl | gd I?ggtﬂﬁg g g‘kll%ﬁlgjnou_t
of recpss etch nBowes  lpe i,gg,gyct pd. I n one enbodi ne”t’(ni’llrérr) I :

_ - (watts) (watts) CAr SKe

Range | 130to | 01030 | 00300 | 1010100 | 5020 | .10to60
500 | |

Preferred | 175 o | 20 | 15 | 1 | 30

As indicated in Table B an Ax/SF is utilized in one embodiment. It should be appreciated
that'any noble gas may bé-substituted for.Ar such as for example helium, etc. -Any other
fluorine contajning compound may be utilized in place of SF; such as, for example, CF,.
In this embodiment, the top pdwer range is from about 130 to about 300 watts. In a
10 preferred embodiment, the fop power is about 175 watis. The bottom poWer, in one
‘ 'embodiment, may be between about 0 watts and aboﬁt 30 watts. In one embodiment, the
flow rate for Ar may be between about O and 300 sccms. A preferred flow rate for Ar is
about 200 sccms. The flow rate, in one embodiment, for SFs is between about 10 sccms
and about 100 sccms. A preferred flow rate for SF is about 15 sccms. The pressure of
15 the gases (i.e. Ar/SFs ) is from about 5 to about 20 mTorr, and a preferred 'pressure is
about 10 mTorr. The preferred temperature of the gases is from about 10 to about 60 C,
and the most preferred temperature is about 30 C. By use of the embodiment in the
“recipe” of Table 1, selective etching of the polysilicon 122-1 in substrate 106 may be

controlled so the right amount of recess etching may be conducted. In one embodiment,




2. 1n ad

the amount of etching may be done by varying the tinme of etching 48 aPR 2006
timed etching). In another enbodiment, interferonmetry (as. described in _
~reference to Figure 13) may be utilized. Additionally, .the recess etch.

130-1 is selective so the hard mask 104 remains substantially intact and
- loses little, if any, thickness duringithe recess etch 130-1 process. 5 In
. one enbodi nent, the recipe of Table A for the recess etch 130-1 renoves

"~ less than 200 A of the hard mask 104. Figure 4 shows an exe '

: : . >xenpl ary o
st r uct ur dheormewt of eighing mapbeensy by yrrying deasimeof giching-(¢.¢. ipedighingleln in-

 enbod: moagotiet AmpSfiFaEe AR bmSry, (@ BiEHET du PRI W By Bolmmybe,
portion Qfilit&e AFRRIIhalP, thd Qbcebd blcRAIOLL By §dd&tiRe!sY Ihé haR'mid2104 rdrhaiioul d

be-appreciated that the recess-1 etch may |eave any anount of polysilicon

- 122- 1 i nsubstantialy ghtadiGmddegrsrlitilegf amy, tthickukss idngug thehtiecdsnetol 1H0-1 pwcessyer

- formed by the lysilicon 122-1 jgure 5 shows  an npl ary struct of
i he 3 endn ong R BodZrent 1B weie ot ablech dor the Feeh i TirRmerds B 158 208 poen
lined wi thof e ndid€head 1gsac | @yer and filled with polysilicon 15 122-2 in.
~accordance w-th one enbodi ment of the present invention. In one enbodi nent, -
t he pl anari zatRigie dtshbwi 2d eRemsiatyt stiuiceel of the preactal 0 aftea thoecsssrekadck30ef t he
~polysilicon ,12?-2 .down to just above the dielectric Iakler 120 that .i.s over
- the har d§rgempkied imgcordangsawith neo pmbpdimend of hgeiressnt IRYEltRe Ehilfstry
and etch, S, £ L : | | : 19E1 gur e
SRR, ARP Rk GHERBRn 308l TR Ry b SELER SPRE el 97 e
may e utlpdifilled with eqolwilédoy 1RRaNaltisaeuidhe dpptechitdd hanthbdeeeds-1Akdtemay t he
“planarization etch 124-2, 'the thickness of the polysilicon 122-2 over the -
di el ect r 19aVe a3y ameput ghotysdichar 2nhdnr the4trerep b@fy@épw@@ag spothe desigd

about 200 .A, _Fi / .ar cture of the trench 100 after .
2 bl anar gk SLBE IR BB RY o EIRGREN BILT, ciecel 2 ot ructure in |
accordance W Hig86 showedh BREhplafy $tARty2e ©F el trenéh 100\ee8E iherstruéfutesuchhe -

pl anarization etch _124-2 is finjshed on the structure as described in - )
Fi'gure 50negkowe deEiguet ¢thag beerplinnd,with the diglactriclapienand flladevit olysdicen.  The

SCEE:2 8550 L SoRa USSR o D o P BV RLE T,

t he et Chtl@ﬁlﬁﬁzﬁizaﬁ@ﬂ@’tchi as2 !&t-dtiliz_ésdo ip[hnhﬁ@e ﬁQ@ﬁ%’facetdmh@’golgﬁE@diﬂ bzEx2i n
reference to Figure 3 may be utilized to conduct the recess-2 etch. 30 The

r ecess- 2 dewshtomiyst tbovertbe i dielewsri Uapern 420 whathisi avesr ther bardt ppsk dd4deJdei bed
Iigo- (rjgf/vﬁ% ag;%[gz%%ﬁ':%%ﬁ 5_54-§3m}iy9utril‘13zréot¥1§ cthgr%islgr%rl i dis ggpa}a &s %Oﬁ(ﬂﬁ&l@S?Sl]tCEl-eagC h
' - 'oﬁe discussed in reference to Figure 2. In addition, interferometry as discussed in

20 reference to Figure 13 may be utilized to accurately planarize the p(_)lysﬂicon 122-2. After
| ‘the planarization etch 124-2, the thicknéss of the polysilicon 122-2 over the dielectric layer
120 and thé hard mask 104 may be between about 50 to about 200 A. |
" Figure 6 shows an exemplary structure of the trench 100 after a planarization etch
124-2 is utilized for a recess-2 structure in accordance with one embodiment of the present
25 invention. After the planarization etch 124-2 is finished on the structure as described in - -
Figure 5, the xjecéss etch 130-2 may be used to conduct a recess-2 etch. The recess-2 'etch'
is a second recess etch that defines a second polysilicon structure within the trench 100. In'
this embodiment, the chemistries and the etch chamber conditions utilized in the recess
etch as described in reference to Figure 3 may be utilized to conduct the recess-2 etch.
30 The recess-2 etch may be done in conjunction with interferometry- as described in

reference to Figure 13 to remove the polysilicon 122-2 in the trench 100 down to a certain




-12 APR 2006 depth. It shoul d be understood that the reces’é-.Z._ég(fgwngjach

- down to any depth of the polysilicon 122-2 depending on the desires for the

" reference to Figure 2. Therefore,” the polysilicon ]

- thickness of the polysilicon 122-2. Figure 7 shows an exenplary structure
of the trench 100 after the recess-2 etch as been conpleted in accordance
wi th one enbodi mrent of the present . invention. The 5 polysilicon 122-2 has
“been etched by a selective etch such as the recess. etch 130-2. Figure 8 .
- shows an. exenplary_ structure of the trench 100 where the-trench structure .

as shownderthriligehoaldbg yndersiaer et thet neeessi2 gtelomaiietnbodravn woanyhdentls of thel ed
i th pol ySili: -3 | i t h ' .of 1 esent’
P ventt ofStvpliEaN 22t Gea AT AL HRSSS 0 B0 STNI0E FSSNEE 12501 T S ou

with the chenFiiurd ?shewidlaebdinpRRA Ak HTe 60N ttdneR 300 AfiaSthESeski-DREH &
122-3 is planarized so a

't hin | aybgenofompleted; ini eenord:aRe Ivitte romie nemioadimenth ef iz gravestkinvedtiond\galle, t he .

‘hard k 104 ft intact the pl i zat i tch 124-3 is_ st d
uai ngs bR PEPRhARe s baabissh eRGEbRC: SBFUAE HscPIban e TR pieh BRLAT | i n

of Fi : he (i . | he
:)gl ;;iem:go n‘l_ %gkﬁgel%\slhec} ot He%aggﬁiégﬁ&%4 itgé ﬁ%\ﬁ%nfedocq]g&éﬁ%eoél ?r:*le}%tH-QC ase ‘

descri beas shiavin meFignert és Lined withphd yidichh divxod2220 andds fifi2d Avithnpdlyglices 3
and 5. Cfﬁsﬁuentl@ﬁt he hard mask 104 remains intact through nultiple:
recess elehr iy&cqnEdangs &vitvmeerabodimenthof e peespat ipventiope dn g epmphodiment,

.pl anari zgti ' =350 S I : 0 Lk ], t:he hard
ok 04 ihaps b i $24-3 8L 0RPREw RACHERBUGP BN Bk SBBMARIIEAHOR "2 )
124-8) | & deveriatbindiefepgiice 10 dighreas KTHD& of g iR pulpgliednt B22-3lid plahieRd s8G
recess etches is about 500A in thickness. Figure shows a structure of t_he-

9
trench 106 Byes ofpolystlicord223 remainsopist thei hand mask 404 oAgaincteiardmaske104

“enbodi ment;_gf; ent | ntion. this_enmbodi ment .. t he recess .et ch.

130°3 | oceinpEaR! SR had-RRR (BB 100 1 Rabll PpE Ebirelonfay G Rl )
I'n one @uenidnn@ntesctib&l e GeRBereddtiil I8 Geferdnte GUREHCIRd Mid thiliiSscbemhest ries
and etch _aﬁga_r atus 25 conditions as described in Table B:in reference to
Fi gur e 3dickeltisskayer dRPnand ithe palystliqonc 2333 evahthe 13@l mask3104 is dndonso- 3)

of t P i nyenti.o be.utilized in recesszl,  reeess:2..and, .
 PecdS. SiaRnehd NS BBR AW R iAce 1p e pONFREST 1249 A RS iRl 300 5
- .tlgizcl;nesamglsﬁ g}bgse'qﬁenti}@ theKAAhak VOfeghaAds inflct HRSuRPMKSiPIE 6Q@Bssldehihgs
-2, an - g : : -
| o beoause CMP does not have to be utilized and the planarization etch 124-3 is stopped~

: bc_afore all f)'olysilico'n above the hard mask 104 and the dielectric layer 120 is femoved_in :
the pianérizatio_n etch 124-3. 'VIn one embodiment, hard mask 104 remaining afte: all threé-
20 recess etches is about S00A in thickness. |
Figure 9 shows a structure of thé trench 100 during a recess-3 etch Op_eratibn in
accordance with one embodiment of the present invention. In this embodiméht, the recess
.etéh. 130-3 is conducted in ‘a third recess etch operation (i.e., recess etch-3). In one-
embodiment, the recess etch 130-3 is conducted with the chemistries and etch apparatus
25  conditions as described in Table B in reference fo Figure 3. Recess etching (i.e. the recess '
| etches 130-1, 130-2, and 130-3) of the present invention may be utilizéd in recess-1,
fecess-Z, and recess-3 etches to pfoduce any type of polysilicon 122-1, l122-2, and 122-3
thicknesses such as, for example, where all of the polysilicon 122-1, 122-2, and 122-3 |
layers are the same in thickness, or where one or two of the polysilicon 122:1, 122-2, and
30 122-3 are thicker than the other léyer(s). In one embodiment, the recess etch 130-3 is
utilized with interferometric endpoint (IEP) detéction to produce a lesser amount of

etching of the polysilicon 122-3 than with the etching for polysilicon 122-1 and 122-2. In




- layers are the sane in thickness, or where one or tmo.of“the'pol%§glﬁpgqm35
- 122-1, 122-2, and 30 122-3 are thicker than the other layer(s). In one -
“enbodinent, the recess etch 130-3"is: utilized with interferonetric
endpoi.nt (1 EP) detection to produce a | esser anpbunt of etching of the _
pol ysilicon 122-3 than with the etching-for polysilicon 122-1 'and 122-2. In
-13 one enbodi nent, the polysilicon 122-3 is etched until.-a top surface of

"the pol ysiljicpn.12 i s.ahout 0A bel ow a.pottomsurface of the hard mask

104, PR e BN RER, T R 8P s Pinad uRiCR o Shrace ¢ e gabsligon Zhs the.
recess e t HEm ' ral(t}pm' i |icon 122-3 and after the
har d nas?k.gﬁ)b}mhas bg‘ggwéae%é%ong%&};ﬁefa@%gr an(Q:g! 1,vtm,ﬁ-lt'h one enbodi nent of the

present- i nvenFigore 10 shavs the sendioni afethe rreacty B0 28Bighaes9 bftenthe efdesdeathvéen a - |
~ top surface of the substrate 106 a_nd'atog -surface of the polysiljcon

122- 3. -1825sKEAVEd ePABR <¥ithe aalysthsen t192-yapd afier theyhasd mask KMz has brefendi ng

“on tkh ' r JSLruchMr l'n one._enbodi pen 280 is from
‘abou'?)e %@%ﬁgohaggﬁ}d%g %ﬁ“n%g%p%}ﬂgﬁlﬁg?%?e&gr ﬁ’%”ég}g‘ngﬁ%}"ﬁg‘ﬂt , f? htié%gap
280 i s admboditefl, asap 280 has Bewd feftGRtwded I@ptuffacorlfié siBira08106amVStbpW  h
any appropriate hard nmask renoval agent such as, for exanple, HF sol ution.
Fi gure 13vrieEthepelysiican i 2250 Tnshosld bhappscaiaied that Sregap288mashbpmnyisizeri gur e

10 with ;the.diel ric l.ayer, 120 added to the .tre 100.,ahd with. an .
Ftor | ay el S St grepdestn Koy 8.8 rhodinlion eat ff Hbodpiince
Wi th thelgma 0ot S0NA ifldepihe IRILHRAMreld2BNIRRENOthe J4B 180118 aBHRBDONERNT
the gap 280 above the polysilicon 122-3 in the trench “structure as shown
i n Flyurle additianythe hard mask W04 may b relreoed ivdthsanghappsopriate hawdampiketemsivili con

di oxi de. Af%ﬁer the fill qg g@ trench 100 may be covered with an o

interl ay®™" _ugpéiﬁ’t P eemy [515 BYOfrhe | LD 290" may be any type of materi al
~with a | ow diBlgfel 11l hoGRM8d REHchS08AfiePfhred 1RbesS R RTRY £ shdw 'ﬁqi?%ﬂé Qe

silicon nitride, etc. 20 The polysilicon 122-1, 122-2, “and 12 -3, in one
enmbodi methe di¢lestdc tiayer R0 swidsd ds thes roneh BP0 BRSO AyithT 28 4ntedaykr Wd6ctric (ILD)

e tively. In this ' t, T292 may be bet bout 10000 Ato
o g R A LI e CET g LW
10008 A ihfedtinCknedss ABEdTeAP BB a@%é@&%@&ﬁé%ﬁail@%ﬁlg%s \%ﬁgl?ee fehdh

.- thickness. Figure 12 shows the structure -of the‘ tren
- conduct i simicture esshded, inFidyre 105narist Rk weith edidletde tivhes, feaprarmplef silicon

polys ] Lgenan RESORITTC, N ong Gibodl Tt O e PRt aruen g 1
- (IL.D) 290 The ILD 290 may be any type of material with a low dielectric constant such
as, for example, silicon dioxide, silicon nitride, etc. _ a | |
20 | The polysilicon 122-1, 122-2, and 122-3, in one embodiment, have thicknesses as
shown by Tagz, Tags, and ngﬁ respectively. In this embodiment, Tag; may .'bc befween
about 10000 A to about 1‘00000'A in thickness, Tpe4 may be between abbilt_QOOO Ato
'_about 10000 A in thickness, and Tzg; may be between about 300 and 2000 A in thickness.
~ Figure 12 shows the structure of the trench 100’ where co'nducﬁ'vc lines 342, 344,
25  and 346 enter into three layefs of polysilicon in accordance with one embodiment of the
~ present invention. In this embodiment, the. polysilicon 122-1, 122-2, 122-3 may serve as
plates (or layers) for capacitors. The type of structure as shown in .tmhch 100’ with
multiple levels of polysilicon separated by a dielectric layer may be utilized for Va variety of
purposes such as, for example, using the multilevel polysilicon capacitors as Storage’ nodes -
30  in a DRAM or éDRAM (embedded DRAM).

Figure 13 shows an interferometry graph 400 where a y-axis measures the intensity

of two light signals and an x-axis measures an etch time during the planarization etches




plates (or layers) for capacitors. The type of structure as showd § mpg engh
100" with multiple levels of polysilicon separated by a dielectric layer
~may be utilized for a variety of purposes such as, for exanple, using the
multilevel polysilicon capacitors as storage nodes 30 in a DRAM or eDRAM
(enbedded DRAM . Figure 13 shows an infserferonetry graph 400 where a y-axis -
~neasures the intensity of two |light signals and an x-axis nmeasures an etch
time during the planarization etches -14 124-1, 124-2, and 124-3 in

“accor dank¥-W 124-£rﬁéldelﬂﬁfﬁcﬁn@mrdmcetm pregrebediinanterfitho presg invhagion Wed -
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pl anari zgEpPPRy @128 So dedemtine %Stgg p?ﬁg of il?eﬁ%l%ﬂzﬁﬁm\é[&ﬂcﬁész £53-8 PREM A

photons at a particul ar wavel engt t elng 5 planarized is ét
partial | 124-BariEPantdizes aTHeambeiphotensagpa ipedictlar taeelengthrthal g neanetizh beinmgt i on
' Is.refl ected back by an upper surface of the material and a

. of the heam _
portidbn Pbs'@%ﬁa%aﬁﬁ%ﬂlw@m%%d Thedeamyis applisrde thometesial, gpd apertian ol j a .

. Th fleat i ans t :
e i BEBAmAPLARAS 1Al b0 DERIR Bce A B Y pPpp e fom i
ref | ect estflpcied baclsbph 1ode faeedh OPthe @adtériall The réfdceedpdriiomasthe bbath mh

accordance with 10 the equation 2d=N(X/n), where X is a wavel ength of the
beam d PesdetReted by Aandyre of photedetenteritabtan detectrthe svavplengths baing wllizeddex of

h i al..er ] f N. d. i i i [ d
hart e TR releb @ i Rns 6 i Bedh op IR MR er PUE SR S 1 B S e
Not. 1QE C Uthe @iquhtiéh PAEIROIRGC Whel B -is ﬁqpa@q&ﬁgp&f 2 sedfdf ACE hOthitRss BRuURI i al ) -

| f phase reversal does occur at one of the interfaces, integral values of N |
resul t 1matepial, andnsiis yharrefractive imbedd bfakife imatesigh. allntegialiomles dof Neprotlocd n

I ntensi t. I muns. We t he .t hi cknes f the material. nears Q, the
~ si nusoi TSy KD ééénﬁﬁlagn%ﬁqs@é’ﬁ &FOJS%HEFI?S“YWHHPW Kgsorhem,

adj acent sHRX | BTS, t i ' j(acents i Qi imscer ned
by the'é%lf?;%(i on 1/-12%%1?%)9#%%?2 g?%?fagg' (%%‘ser%%g tEe |§tmgﬁ§$t?/ﬂ§§fve, '

t he. anomateriaf If pleasenstversahdodshatuhasoread the aneveds, intggiad valabcof MNtreghlt | n

addition, .a more accurate 20 reading of the material etched nay be _obtai ned
by pe ng OB BIRgHRS %@iﬁﬁlweswl ARes ghvesHEPHBENSRGmBYIHBRS-t ¥ 1Ty

LT e 4 L BE IR pPHALEL A RS e
- depi ct i nbhe differagicais cidiietntcmaxiesmef andthendiffeiepte it edjhemit ednirght nsdygal s
.y be p&igge%(l:eeddbystlljaggqg:ﬁonfl/(g(r?u/n). 'I‘herefbré, by observing the intensity curve, the amount
of the material that has been removed may be calculated. In addition, a more accurate
20 reading of the material etched may be obtained by using multiple light beams with the
above method and by monitoring multiple sinusoidal curves and the related amoﬁnt of the
material etched. ' | '
~As a result, by using two light beams of differing wavelengths, graphs depicting
the sinusoidal curves of the multiple reflected light signals may be produced such as, for
25  example, the interferometric graph 400. The graph 400 shows two different light signals
402 and 404 oscillating as etch time increases. It should be appreciated that the light
signals 402 and 404 may be any wavelength that would enable accurate measurement of -
endpoint detection. In addition, any number of wavelengths may be utilized to obtain
endpoint detection. In one embodiment, the light signals 402 and 404 are 500 nm and 800
30  nm respectively. As etching continues, the graph 400 will show peaks and valleys for the
two light signals. By knowing how much etching takes place at the peaks and valleys as

discussed above, the oscillations of the light signals may be monitored to determine when




25 exanple, the interferometric graph 400. The graph 400 shows NG APR 2006
- different light signals 402 and 404 oscillating as etch tine increases. It

- shoul d be appreciated that the light- signals 402 and 404 may be any

wavel ength that woul d enabl e accurate measurenent of endpoint. detecti on.
I n addi'tion, any nunmber of wavel engths?may be utilized to obtain endpoint
detection. In one enbodinment, the |light signals 402 and 404 are 500 ntn and

and val | BYESTATEbT of poBnGhe Pl e ol conptag . e eRndiasliph oo ce

pl ace at 124 Ak ST A - i lad Lems,of the
R R N s R b T A e s

, "desired ampunt 0

pol ysi |-i stmwihay loee#06. erWhed. etCing atmee prdgyesseshpasp|the dine 406, ahe sinokoiddl24 may

be stopped at int just befaore all of a polysilicon layer_has been renoved
Sisiersy the

such as Lasmalsiierand 404 Reergng inguisr shyrvaag &t gl of therpatetigle 406,

t he s§ nugQi . t I i 4. e Lrregul ar
shovm'ssng ?ﬁgsﬁ glbflﬁg% {c?ﬁ%ﬁ?rsa?éeeﬁ Ig' Og&?%ﬁﬂ ﬁ‘&gglﬂhz?ﬁ’g&ég%ﬁe%@%’@aﬁ@gﬁe bé{ntoved
and the lagemvIhemefore eins uiikzing idefferily chvnfistibe foeretess| dotihg and Plalatifionby
utilizing differing chemstries for recess etching and p% anari zation

et chi ng @rbing algngwWiti-EEP zceurain endpaing sietectiere may the wondusfed withewdinvingito

- without Vi a CWP apparatus. Wiile this invention has been
descri be'g%ldne?g%g%{%ﬁmsever al preferred 10 enbodinments, it will :be -

-appreci ated. Wil thigsenveitibh €dad Nbdefle dBEibEROM ' RAdE NBE t iehll epRIAA
speci fications and studying the drawings will realize various . -~ o

al t eflat | ynbodimgaist it 9m4 be apprepiategtthgibosarsiiilled dn thel ashupontieading the preceiding
therefore intended that fhe present.invention. includes all]. such.,...
Al ter at 1 SreeRRR i atudyie IS ERne Rl uffizsaPEntie BuSrle® WeioRs e
true spipdrinuedidns P Rqsivaleh® th&¥enN! 10N theyefold fitedded that! tiB Prédsent véntiaR 2006 -
‘16 CLAIMS G aim1: A nethod for processing recess etch.operations in
subst r at@sludepaldrsueh aljerations, fadditiong, perheatations sdndosquivaléngs ssilfall mathin ths)
etching a tren’chdin thefﬁgubstrate_ using the hard mask; c¢) formng a. Co
di el ect r'Fe€ TRAYRICSGRRE ¢HBE HYERUMRIsk and in the trench, the dielectric layer

| -configured to line the trench;
15" What is claimed is: ) .




d) applying a conductive material over the dielectric layer such % BatAP® 2005

bl anket of the conductive material |lies over the hard mask and fills the
trench; e) etching the conductive naterial to substantially planarize the
conductive material, the etching of the conductive material being

configured to trigger an end point jlﬁst before all of the conductive
material is renoved fromover the dielectric |ayer that overlies the hard
mask; and f) recess etching the conductive material so as to renove the
conductive material over the dielectric |layer that overlies the hard mask
and renoves at |east part of the ctive material fromwthin the
trench. CGaim2 : A nethod for processing recess etch operations in
substrates as recited in claim11, further conprising: repeating operations -
(c) thChaim:(f) one fomethod for piopessing wedsoetoh opetation io sitalrates corhprishg:
conductive terf_i al in the kren h.g@a' m3 : A nmethod for processing recess
etch operat¥ons RESVI LR PEY in claim 1, wherein the endpoint
i's triggeres UsicifingBateidhth doRibsatetilgd BE hd@madl;ai m 4 @ A nethod for
processing recess etch_operations in substrates as recited.in,  claim3,
wher ei n t heQhar dorming & dielpstrin laver ever iy bagdmask pygn thedrench, dierdirtestriedaxs:

noni t oL g@f of 1R hefilnll;ng of the conductive material. daim5 : A method
for proceSsing recess etch operations in substrates as recited in claiml1,

‘wher ei n t hedsubsppiying arondretivamatesitlioyer thndiclorac lapes sudh thataanketob®er s in an
etch ch &Eveﬁa&%ﬁﬁ%o{-é?%emn%ﬁwﬁisti?Jt?éiinUkE.t' on throughput. Caim6: A

nmet hod Tor processing recess etch operations’in substrates as recited in

chor st 7y 1 Gei udi e Rl a3 RRGH G BRI Pnghttvs baRAYR | 10

:‘Aﬁr pr dm@aiéiug@ﬂinecm?mmt@ipitd:emgicoﬂ?uﬁ{d tgtrlggctrraamtbpt?;m j-lé@b‘?ﬁ)ggllioﬁ claim E|e :
erein.a flowrate is ween se a ut, 200 seens, a

1 ow B gongiGtvsmtelisGentie? SoM oRe B SiltrdelolF b s TR a8 REC T o

rate i s between about .2 ens nd abouyt 5Q seens., Cl aim.8: et hod for
processi ng eceﬁwﬁeﬁ%ﬁe‘r%“i‘%ﬁ? ‘F%e agﬁos?sgﬁfeg]sw%gwlpg%‘%uﬁé‘{f nliér%brmél aimli,
wher ei Bvdriiiee didlehiSlapi ¢at tv@rliss the had mask sreancesrdedssgaryofitraondliciige At and
SF6. material from within the trench, ' ' '

Claim 2 : A method for processing recess etch operations in substrates as recited in
" ¢laim 1, further comprising: '
- repeating operations (c) through (f} one or more times to form multiple layers of the

conductive material in the trench.

Claim3: A method for processing recess etch operations in substrates as recited in

claim 1, wherein the endpoint is triggered using interferometry monitoring.

Claim 4 : A method for processing recess etch operations in substrates as recited in
claim 3, wherein the hardmask is protected by utilizing the interferometry monitoring of the
ctching of the conductive material. '

Claim 5: A method for processing recess etch operations in substrates as recited in
claim 1, wherein the substantial planarization and the recess etching occurs in an etch chamber

thereby increasing wafer production throughput.

Claim 6 : A method for processing recess etch operations in substrates as recited in
claim 1, wherein the etching of the conductive material utilizes a first chemistry including Cla,
He, and SFs. '




Claim9: A nethod for processing recess etch operations in subst} §t AP Ra%005 '
recited in claim8, wherein an Ar flow rate is between about 0 seens ang
about 300 seens, and a SF6 flow rate is between about 10 seens and about
100 seens. Claim 10: A nethod for processing recess etch operations in
substrates as recited in claim1, wherein the recess etching is used with
one of an interferonetric endpoint (IEP) detection and a timed etching to
nonitor the renoval of the conductive material. Claim1l: A nethod for
processi ng recess etch operations in substrates, conprising: a) formng a
hard mask over the substrate; b) etching a trench in the substrate using

t he har@amm®k; c) foAmetipddortireremmgrecess eiohaperations irt substtates ds it iand i n t he

t h, (& di el. ic | fi dto |]j t <) _applyi
tondae o S bt 5ick: oot BTk bonfean shdt i Stolnd mid e 20F ek SLi e a5 Vi 12
conductis betwemtaboit 20 sdche andabait 300 @it chd mEEFK flow ehitd is bbtwetdabotir ok €)'

. etchin e ductive material using a first chem stry to substantially
pl anar %?égb “ﬁg&%’r‘}ﬁuct ive material, the etching of the conductive materi al

being configured to trigger an endpoint just before all of the conductive
mat er | a‘ﬁﬂaﬂggremed ﬁ&%&e@&fwe%%m&w@%mw%mmm_ Y he bard
mask, idemANERER theR8le R tdids IGRIL Y séb%ia&‘&:eh:ﬁkh‘?'iﬂ Iyd §PQI toring; t)

recess etching the conductive material using®a second chem stry and one of

the i niygif 6r ometry mORLHRE mq,r&&qiggt éde&q%&é%&*aﬁ&fs iR SublsRatb SN Red e

conductive material over the "diel PTG r that overlies the hard mask
and r erfipi@ds, wherpin an tAr flgwtrato fis hefvecen bt s¢oms andistiont 0 scémsp pnd Sthiflewt he

trench;?@%cgagﬁeﬁ%%ﬁd#}:gm%)ﬁgra%&tgaéf&&%‘ through (t) one or nore tines to

form mult ayers o conductive material in the trench. 2 8 APR

2006 . i 12 for i . € -' in

subst I’E]i@ %jsg‘ gﬁs'. r eci te??ﬁ@?‘g?ﬁ%ﬁ%{‘@ﬁ%g?’g of’%%%ﬁgﬁfﬁln%sgﬁ%%?g%érdggﬁt ed by

uti | i zideimtihehdreih erefredecnmdhing isnmed tvith omgofah ittdréeronsdtidendpeiof(IEMe conducti ve

mat eri a Clai 3 nmethod.for processing recess etch operations in

substr %Egﬁ%na]éiiﬂﬁéa@ﬁg&dP%lfﬁ{%Pe%%@r"iﬁ?%P LYY r?‘P‘i al planarization
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: ) forming a hard mask over the substrate;

b) etching a trench in the substrate using the hard mask;

C

c) forming a dielectric layer over the hard mask and in the trenci:, the dielectric layer
configured to line the trench;
d) applying a conductive material over the dielectric layer such that a blanket of the

con‘ducti;vc material lies over the hard mask and fills the trench;

¢)  etching the conductive material using a first chemistry to substantially planarize
the conductive material, the etching of the conductive material being configured to trigger an
endpoint just before all of the conductive material is removed from over the dielectric layer that

overlies the hard mask, the endpoint being triggered using interferometry monitoring;

D recess etching the conductive material using a second chemistry and one of the
interferometry monitoring and a timed etch so as to remove the conductive material over the
dielectric layer that overlies the hard mask and removes at least part of the conductive material
from within the trench; and

) repeating operations (c) through (f) one or more times to form multiple layers of
the conductive material in the trench.




Claim14 : A method for processing recess etch operations in subgtgqggﬁg E%
recited in claim1ll, wherein the first chem stry includes Cl2, He, an é s
Claim15 : A method for processing recess etch operations in substrates as
recited in .claim114, wherein a Cl2 flowrate is between about 20 seens and
about 200 seens, a He flowrate is pgtween about 20 seens and about 500
stems, and a SF6 flow rate is between about 2 seens and about 50 stens.
Claim 16 : A method for processing recess etch operations in substrates as
recited in claim1l, wherein the second chem stry includes Ar and SF6.
Claimi17 : A nmethod for processing recess etch operations in substrates as
recit edluim 14 ai m 16,A wisthod ffor progesting fdcowetch pperitiondintswpstmatessoatitedinseens and
about 300 e .and.a.SF6 .fl o te.ls.het. n about 10 .see and about
100 s A G 88 niharmied it it B il 8 B eBE8 hodhrBE s Tons i
subst r atohing of tigRondaciiivg matddjal.f or mM ng a hard nmask-over the substrate; b)
etching a trench in the substrate using the hard mask; c) formng a silicon
di oxi deCthiay®3 : over t hemiathod forpedccsaing ricBsseRE opdratlbabin stbirateh hd régied indi OXi de

| ayer configured . to line the trench; d) applying a polysilicon materi al

over t IF&IR{1L) hersin (e pubstapnal plaparization aqd Bresprrwietchnsrars Ban §ish ChBBH mat eri al
l'ies ovRietyiforQhg wiRks frodifion kdupnfde trench; e) etching the polysili con

material to substantially planarize 'th_e polysilicon material, the etching
of the @aghypdticon material behogLRPhIALRE Es E&ﬁ%&%ﬁoﬁﬂn%ﬁﬂ%&ﬁ j ust
before all of the polysilicon material 1's Tenoved fromover the silicon

di oxi de#s regifed inclaim I bwdeteinetbe firsechomistty  nirMudethe ebblgdt. and $5. tri gger ed usi ng
interferometry nonitoring, the etching of the polysilicon nmaterial using a
first dHem ¥ ry i ncl viimethodf® pradessingmepeBRBh opsretions & spbyRaze@Bredipd iy recess

et chi ng,t L)} 214 | t [ r Jonitoring
and a '%llag rr'gg4’ﬂﬁé%b§;ﬁ3{%@%§%\%&#E%O%g%‘f{/&gﬁlﬁng oa%&ﬁ&tagf?‘{cgn?’ %@%@&{ﬁ?si i con
di oxi dds bawean abita 20 s@usahd gout 508 sbasgarinsSEs o rate vbewsemtbonehstmpart of the
pol ysi.l |§Q€8 nﬁerial fromwithin the trench, t-hé recess etching using a
second PHEMUELT S Micl udi ng C12, He, and SFS. .

Claim 16 : A method for processing recess etch operations in substrates

as recited in claim 11, wherein the second chemistry  includes — Arand SFg.

Claim 17 : A method for processing tecess etch operations in substrates as recited in
claim 16, wherein an Ar flow rate is between about 0 scems and about 300 scems, and a SFg flow

rate is between about 13 scoms and about 100 scems.

Claim 18 : A method for processing recess etch operations in substrates, comprising:

a) forming a hard mask over the substrate;

b) efching a trench in the substrate using the hard mask;

) forming a silicon dioxide layer over the hard mask and in the trench, the silicon
dioxide layer configured to line the trench;

d)  applying a polysilicon material over the dielectric layer such that a blanket of the
polysilicon material lies over the hard mask and fifls the trench; '

€) etching the polysilicon material to substantially planarize the polysilicon material,
the etching of the polysilicon material being configured to trigger an endpoint just before all of
the polysilicon material is removed from over the silicon dioxide layer that overlies the hard
mask, the endpoint is triggered using interferometry monitoring, the etching of the polysilicon
material using a first chemistry including Cla, He, and SF¢; and




Claim19: A nethod for processing recess etch operations in subgtgaieg 7068
recited in claim18, wherein a A2 flowrate is about 100 seens, a he flow
rate is about 100 seens, and a SF6 flow rate is about 10 seens. C ai m 20:
A nmet hod for processing recess etch operations in substrates as recited in
claim19, wherein an Ar flow rate isl@about 200 scans and a SF6 flow rate is
about 15 scans. Caim21: A nethod for processing recess etch operations
in substrates as recited in claim 18, wherein the planarization etching
occurs in an etching chanber which wutilizes a top power between 800 watts
to about 1200 watts, a bottom power between 40 watts to about 100 watts, a
gas pressur# of betesedehingtbe polgsilivho matetial uaing ohe dfthe iarferpmamgimenitosinger at ur e

of bet\ tiﬁQ@ 0] rees,,C and,.about 60 degrees C, Im22: A net hod
for pr \gg‘ggy ng%%gcbeassgg%f’we8‘88%‘?‘“@?5‘?‘4@@%&@? ﬂ'ﬁ@é‘%"é‘geﬁ@@f %’étd in claim
18, whewedies thbikard hasiomnid zahiveatdastPan of 86 polyslidod nferiel Sdth WethialEgroer which
utilizes @kﬁ’gp power, of about 1000 watts, a bottom power of about 66 watts,
a gas 3‘?‘% éecs?sewéwwﬁmsaﬁmﬁfqhm pingludiag bdos He.#nd SB¢  about 30 degrees C.
G aim23:.° A method for processing recess etch operations in substrates as
recit e 1% ai m 18, wher ei d merbod far prpgessiegretcss ctrericrationsin subsdtesdes usi ng

a_ firSkstebBbiin Sl #8 bh A WG F(ﬂpstc Wi I @ht signal
with a second wavel e’ngt‘?, ﬁéh???ast%l vvavg eng?ﬂs’%ggr% |18 er‘)létjnlt%t han t he
second seeddrigiia flowirett ts abaut 1Bseepshod for processing recess etch operations

In substrates as recited in- claim18, further conprising: repeating
oper at iGaim 2xs) t hr oughmethpd forrooessing reeess etk dpdraichoinuimthtes g recifedjrer s of t he

conduc tcia}/r&\ IWh%zrelinatlm Arrhc;[ﬁb r%té i Eb%%&(m scems and a SFg flow rate is about 15 scems.

Claim 21 : A method for processing recess etch operations in substrates

as recited in claim 18, wherein the planarization etching occurs in an etching chamber Which‘

ufilizes a top power between 800 watis to ahout 1200 watts, a bottom power be_tvs.reen 40 watts to

dbout 100 watts, a gas pressure of between about 3 mTorr to about 10 mTorr, and a temperature
.of between about 10 degrees C and about 60 degrees C.

Claim 22: A method for processing recess etch operations in substrates -

as recited in claim 18, wherein the planatization etching occurs in an etching chamber which

utilizes a top power of about 1000 watts, a bottom power of about 66 watts, a gas pressure of
about 5 mTorr, and a temperature of about 30 degrees C.

Claim 23: A method for processing Iecéss etch operations in substrates as recited in
claim 18, wherein the interferometry monitoring includes using a first light signal with a first
wavelength, and a second light signal with a second wavelength, the first wavelength being
different than the second wavelength, '

Claim 24- A method for processing recess etch operations in substrates as recited in

claim 18, further comprising:

repeating operations (¢) through (f) one- or more times to form multiple layers of the

conductive material in the trench.




