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Field of the Invention [1] The present invention relates generally to the
fabrication of sem conductor devices and, nore particularly, to inproving
the fabrication of spacers by enhancing the etch endpoint 15 detection of

a nitride layer. DescriptilgPESTHOPO ARIBIAPPARAPUSEOR Wel | known, the
sem conduct or facturiSgpproceséghnvojves several stages during which
AGER

mllions of tranSWETBIDE Ct BROGESS IVPLE AN Ga

conductive [ oY i } t I f hcat ed
on a single ggﬁgﬁgﬂﬁJ@F§?§§§?%R({§Q§%?V§J@h$¢§%?§Eg?E%ﬂgiFgglitﬁ§J§ﬁ£b
silicon nitri deNENel NTERFEROMEIRYWENDEOEN TCMONIZIORING of
silicog nitride is deposited on a surface of the substrate having
fabricated transistors. This silicon nitride |ayer is subsequently etched
utilizing a plasnma etch process, creating silicon nitride spacers

al ongside the polysilicon gates. 25 [3] As the demand for scaling down the
i ntegrated devices and thus feature sizes such as spacers is continuously
increasing, so is the need for inplenenting a_nore controll able etch
proces8. However, this need BACKGROUND QH THEINVENTAONinced during the one
step silicon nitride spacer etch process as the aggressive nature of the
etch chem stry inplenmented 30 inevitably results in gate oxide punch

t hrough | gaeli B9tHedneirivges i N gate oxide dinensions. As is well known,

changes to the gate oxide are disfavored since they nodify the electrical
conduct i viltly oflhe Hsesgal veskionaclgies geriallt fetherfabriqaion of sogicppductor Zgpiges

and, more particularly, to improving the fabrication of spacers by enhancing the etch endpoint

15  detection of a nitride layer.

Description of the Related Art
[2] As is well known, the semiconductor manufacturing process involves several stages
during which millions of transistors including source/drain diffusion regions, a conductive
20 polysilicon gate, and a dielectric gate oxide are fabricated on a single semiconductor chip.
One of such fabrication stages is the silicon nitride spacer etch process during which a
conformal layer of silicon nitride is deposited on a surface of the substrate having fabricated
transistors. This silicon nitride layer is subsequently etched utilizing a plasma etch process,
creating silicon nitride spacers alongside the polysilicon gates.
25
[3] As the demand for scaling down the integrated devices and thus feature sizes such as
spacers is continuously increasing, so is the need for implementing a more controllable etch
process. However, this need is specifically more pronounced during the one step silicon
nitride spacer etch process as the aggressive nature of the etch chemistry implemented
30  inevitably results in gate oxide punch through leading to changes in gate oxide dimensions.
As is well known, changes to the gate oxide are disfavored since they modify the electrical

conductivity of the gate oxide and thus the transistor.



2 [4] Predomnantly, the silicon nitride layer is renoved through .

i npl enenting a one-step plasna etching nmethod (e.g., dry etcR8Ayyril2Phe

pl asma etching process is typically perfornmed in a plasm chanber in which
strong electrical fields cause high energy gases containing positively
charged ions and negatively charged electrons to be accelerated toward the
exposed 5 surface of the silicon nitride layer. During the one-step plasm
et chi ng pr[éfes Preddneinaiyptedilidoay@ridefayst Isiremoved thrdude imnpleaetiigcalbohssstamd
physi cal |y renoved as result of peing bonmbarded w th positive iqgns, [5]
Pref er abl P/astHet el Bt gﬁcams&egge RIFSRHECHPE PROGES 1Y BPicaly P%’Eg’éﬁneﬁlmst
Stop once jhiy %llgneh ARarS# N QLG SrdMpdeibdAtal s Sdalibe R13h Nnbiol A8 s&BL Rk difdhg NAS

been etched through and renmoved from over the surface of the substrate:
Addi t i onalpoyitivelickargereions apl regetively duessd etaaonse be acdeiezateditowiathibatexptsadigi ng

t he underlying l.ayer... Consegyent | to.,acconmpdate thi,s goal , i i S

nper at s vettB e B RS b TR o R s e RRessr he e

t he one- stigpr ef silicorPhiGeRSS chdtRallynandSpHysiealy Ridovbdlgs 4 234ek ohBsinp®eMbaHeded
through. 15 [6]. Thus far, optical em ssion spectroscopy (OES) nethod has
been pri maYithBAsVE fa8ed for detecting the etch endpoint. In this method,
the light emtted by the gases within the etch reactant chanber is used to
identify the specific nmaterial being etched. As the |ight em ssion

i ntensity [5]s diPrefetably, fheamesstepandling protdse of drecstlivon afitride laykr mustpay dnce igas

within the etch reactant 20.ch er, .the endpoint detector can in theory
det or e P BFPOLSFESTNEH i) 'BF SUHEh SIREBHIHAL Pk (eDes F@Pus%a@dc@ﬁmf&ed.
[7]1 Thus fam oRevayatrfadchsr FESUBRINQD ARi%idRR0Y afist Shebfep! 8B prRS: hRld 8! e
and efficient etch endpoint detection as it ‘causes the overetching or

under et chiapljestl wikhoutdamaging the undadlyingdgyer, CpBseqeentigs forsgeammodale thimgoabfit t he
one-step et. . S. redict L.opeci ficall this occurs due tq the
vari ati on%lt Iﬁn)te ﬁa‘:{lggﬁoelgné) ‘1’50}1?@11? %Iaegns(fb?ilng%ﬁecﬁ]iop i e&%O%I cgi/{%)rlesg%bse({p \%‘gﬁﬁ%\%@ér? %% t he

sane | ot @cewinbe &8 silicen wadidrisye@hadbdeh etched thkaleh. For instance, the
overe&ghing of the silicon nitride |ayer during the one-step etch process
using‘the predom nantly used aggressive chem stry causes the renoval of

portions gf) thengake kaSentlsidt dHbiRisElp): (OF) ARMRANEE HEnPH e DR Tor 30
detecting the etch endpoint. In this method, the light emitted by the gases within the etch

reactant chamber is used to identify the specific material being etched. As the light emission
intensity is directly proportional to the concentration of a specific gas within the etch reactant
20 chamber, the endpoint detector can in theory determine when the etching of the silicon nitride

material has concluded.

[7] Thus far, however, the OES method has proven to be less than reliable and efficient
etch endpoint detection as it causes the overetching or underetching of the silicon nitride layer,
25  rendering the outcome of the one-step etch process unpredictable. Specifically, this occurs
due to the variation in thickness of the silicon nitride layers between wafers of the same lot as
well as the wafers of different lots. For instance, the overetching of the silicon nitride layer
during the one-step etch process using the predominantly used aggressive chemistry causes the
removal of portions of the gate oxide or ultimately, in gate oxide punch through.
30
[8] Unfortunately, the unreliability and unpredictability associated with the OES method

has a severe negative impact on fabrication stages and thus semiconductor manufacturing.



[8] Unfortunately, the unreliability and unpredictability associated with
the OES nethod has a severe negative inpact on fabrication s£8de%ilaA86t hus
sem conduct or manufacturing. 28 April 2006 Anong ot hers, the
unpredictability mandates the cl ose nonitoring of the one-step etch
process, nultiple inspections of the sem conductor substrate during the
one-step etching operation, necessity to recalibrate the tools for each
substrat e Avmédy Bthefie tisanBpredictabBityvehdndatss tigh tlos¢ eminitoihs ,of tthelsoneeegl esis| y
wasting val uable tinme,. sl.ow ng down the production, vield loss, 5 and

ul ti mat el YPreEHs dBHHplet Brpesiipst 9%15@ LRAIATHIR .Suwtelqv*r‘rwgew dyesie etehing
for egoi ng,ongraN6E heBAbis) & feBdlibfatS BRCBEIs §6,Co B RANALALWHEH @G gl 108! Redql ogy
and apparatus that eli'm nates the unpredictability and unreliability
associ at edliffasertots,Hbuscunedlessly wasing oplurldla timenslowingndosyetb¢ poslogpy, yi€ESpsset ch
endpoi pt detegti met.nod, 10 used dyring the one-step etch process while
ner oadi némé iffimalily ?&‘8?“91&&‘85?@5%6 ﬁﬁ?"&ﬁ@‘ﬁtput . SUMMARY OF THE | NVENTI ON [ 1]
Broadl y speaking, the present invention fills these needs by providing an
apparatus and rmnethodol ogy for fabricating nitride spacers utilizing an
in-situ tMl st dp wewhobthec &yggaingabineed 166§ failgssnaaen gichyersipaint sdefegtion
controlli . S . bt L S.

I one pr af Bl B RERGERS F MRlnadint (RpRURRSIRY oA Bl bbLEFSRRREL
per f or m ngvith th@iconveaticiul ppoce misivnaspatttastay @FEY) ettchl aylpointdetagionheethod
interaﬁronet endpoi nt de%gééion t hod. The naia et ch Eroc SS Ls t hen
fol | owed BYCHT B EFeRErTIoRC eceihehils erepng srHeqngyeler PStRE rghrinacer
is etched. In one enbodinment, the thin layer of nitride spacer is etched

i npl enenting a 20 tinme node etch nethod utilizing a highly selective etch

chemi stry. In another exanple, tHEMMARY OF B INVENEION i s a tined-etch nethod

i npl ementihg aaons| EP etch endpojnt detection thod to.nonitor the
brocess paNaneeBrany ficeShe TeBeRn Ber b RE: ik pdE B Bn BrlaE hberediefut i on
met hod comfédi@doRdy tfer faBridating nithé: Paoaeatlifad airei-afuStwoSstqPéttie plocesdicapdbii
spectroscogy (OES) inplenmenting a highly selective etch chemstry. 25 [2]

It shddl dobsubsasiialy arestelynepntrolliag fhe st PogRse s Vol eathepthapensf dhseAIEYF | n

or 8. ot hal YR U AR B QiR R BB ARREE (T icaRaRY S i RN
descr i bed eteklpowess on a nitride spacer layer using the interferometry endpoint detection method. The
main etch process is then followed by an overetch process wherein the thin layer of nitride
spacer is etched. In one embodiment, the thin layer of nitride spacer is etched implementing a
20  time mode etch method utilizing a highly selective etch chemistry. In another example, the
overetch process is a timed-etch method implementing a non-IEP etch endpoint detection
method to monitor the process parameters. In one embodiment, the non-IEP etch endpoint

detection method configured to monitor the process parameters is optical emission

spectroscopy (OES) implementing a highly selective etch chemistry.

25
[2] It should be appreciated that the present invention can be implemented in numerous
ways, including as a process, an apparatus, a system, a device, or a method. Several inventive
embodiments of the present invention are described below.

30 [3] In one embodiment, a method for fabricating a spacer of a gate structure is disclosed.

The method includes performing a first etch process implementing a first etchant gas. The

first etch process is designed to implement an interferometry endpoint (IEP) detection method



30 [3] In one enbodinment, a nmethod for fabricating a spacer of a gate
structure is disclosed. The nethod includes performng a firg8 Aeri¢dR006
process inplenmenting a first etchant gas. The first etch process is
designed to inplenment an interferonetry endpoint (lIEP) detection nethod 28
April 2006 4 to detect the renoval of a4ortion of a spacer |layer. Further
included in the nethod is discontinuing the first etch process upon

renovi ng theleRor theornivall bea fpp@mesf bhayeder hjris Fletayiinguded inhihe mploceris

| ayer. The nethod al sg includes perform ng a second_ etch proces X

i npl enent idigontiuEEIbH Hrsketelh BIPECSy 4RO BN GRS PAEOR B the %%relﬁyqraa@%% leavipgs o

i ncl uded | i L,Qui h
Process. has o e o T g e P R o1
process i s «onfd euhad chota emowe thd¢hib kpaces pyeer Alsy excjudeday disgprtineing shacer
for the gate structure. [41 | n anpther enbodi nent met hod for fahricating
L pacar *Sreond i ar R ntetite SRR GO s Ao s pgagriod F

per f or m ngin@. f The tec@h& RidAI R6ESS id PaHIBIRALtb NEmavd tHeSthire§gabanhy@akavihBend i r st
etch process is configured to inplement an interferonetry endpoint (1EP)
det ect i on spasehiod theatéestrwettirea r enoval of a portion of a spacer |ayer having
a specific thickness fromover the surface of the substrate, thus |eaving
a thin spacer |ayer. The nethod further includes perform ng a second etch
process fq4] a i egether Binbedimpet; iaothetibd tfonEabirikpligyrendphcey & d pasegnntiretchant
gas. The second etch process is cgnfigured to renove the thin spacer |ayer,
| eavi h§ t isclopesl ebhey @Ftht)i éwg%%%r FREGE R g.rst iR propesy inmqefa%% érfgétrﬁ’i%}lif’?rent ,
a method o0 HQEMiGe@h HrddeGOR Qintikide 1SARGRIME aflliBEHESR-ry chiioiRBURPH

i ncl udes gep05|t|ng a silicon nitrrde spacer |ayer over a substrate having
a gate 20 dstectinptuetbod wrdetrdt & earayeihof aosidon ofcd spdeat laysr pasigos srienigic shitknest

etch operation on the.silicon . nitride spacer layer in a as C er and
moni t of+ nglt Pieane et By el WU (BRBRT Ve ek ST AR
met hod f uiddngles p&r€drbh@@sSa SeORPItEYpobEss ForrSpre@iehinyagreeibd oNtime idpletnontigave a

thin spacer |ayer over the surface of the substrate and the gate structure
f or medd t hesens ctoparigas.i Tbe seroad &8 Riogess isconligyred fo pampypdhc Bt eReerdarstned

Wi t hin th%mpﬁ?%ﬂﬁﬁgag%HQEe@ﬂ ﬁﬂﬁﬁﬁ&r”ing 25 a second etch operation in the

pl asma chanbe second”etch operation is configured to renove the thin
spacer | ayer. The nethod further includes nonitoring an optical signal

[5] In still another embodiment, a method for forming a silicon nitride spacer is disclosed.
The method includes depositing a silicon nitride spacer layer over a substrate having a gate
20  structure formed thereon. Also included is performing a first etch operation on the silicon
nitride spacer layer in a plasma chamber and monitoring a light reflected by the silicon nitride
spacer layer. The method further includes stopping the first etch operation so as to leave a thin
spacer layer over the surface of the substrate and the gate structure formed thereon. Also
included are purging a first plasma content defined within the plasma chamber and performing
25  asecond etch operation in the plasma chamber. The second etch operation is configured to
remove the thin spacer layer. The method further includes monitoring an optical signal
produced by a second plasma during the second etch operation and discontinuing the second
etch operation once the second etch operation has continued for a predetermined period of
time. The first etch operation and the second etch operation are performed in sifu so as to

30  control a shape of nitride spacers and a removal of the spacer layer.



produced by a second plasma during the second etch operation and

di scontinuing the second etch operation once the second etch?28pandiZ086 has
continued for a predeterm ned period of tine. The first etch operation and
the second etch operation are performed in situ so as to 30 control a
shape of nitride spacers and a renoval of the spacer layer. 28 April 2006 5
[6] In yet another enbodi nent, an in situ dual -stage etch endpoi nt

det ecti on [} st dmyies andthidrscohtsietent, Thesyiat énml-stagd udhendpoiet ddiectibanbesm ian
interferongtry endpoint nonitoring ysten1 and, a non-| EP endpoi nt

moni t or | ngdE pEm TheHE ST WCE’H%FnB% etche chagvey i Béertesomstive FRitpaIng monitoring

el ectrost %E/.‘st&nc BMEY {JRSEP erfdp 5199 nﬁn’nﬁ&tlﬁé)gfsterﬁmdﬂf% ket tcﬂﬁﬂqﬁéreigtcfoﬂﬂgure&_ he ESC
is 5 desighed to support a ma er having a spacer |ayer formed over a gate
st ruct ur e.inclinde an ele@rdstatiowbuaky(EStllpoitapt elédttélé)f mdna battinmglestysdee nT lncsES@ss gned

to nmoni.tor, an interfer nce hot on bean1r Iec y the t of spac

| oyor s deRBnd ke SRS St BTk foprak dit ogted bitos &b sBredRr s e a
first et chm@ﬂabﬁltetrprbndﬁmﬁt @R i Gl atm NBNddsi2héd go &N&ﬁ@mahsmte@@fe‘nb@ur ed
to nmonitor a second etch operation by nonitoring an etch tine. Afirst etch

10 oper at iPSAtORRSEBEsHESterh by e fprofnegrerolay i gandyibe aplacsior Gedm gur idtpriaee e
di scontin l’b%gom O?Qi%c%q_ﬁgrm Digh %Pc%ccﬁfe{;altlgﬁ errnt olGEf teﬁ@&oq?tdrmﬂl{wmé NC&E Gon d

et ch operation. dvantages 0 e present i on are~nunerous.
Most not akbyfigurdieto swhoai aBedond aficht bgergioasiesn monitveny hiortchr ttne.o ifgstre&ch t o
performthe spacer etch. s in tw 15 stages, i i ty. Anot her

bavand Dge ogre PG GRERnE i ERTaHones et brathed lebeeleclimet drv it boess
can preci Qlﬁh!pafé%%&lto bhgcRidchurigR dRALnd/&hWBLIatigs t he shape of the
spacers. Yet another benefit of the present invention is that the two-step

in situ spacer etch process of the present invention can be used to

accur atel y.etc spa ayers having. different thickness, du
defects |ﬁ fgpg dﬁ&nmﬁ?ré%s?%gp?ﬂg%umﬁghpn & PSS her™ & v%ﬁ?ﬁ‘ %h? t he

present 2@mbb¥iarhisof tHeprésBitintdh€ion We-cshfRgurédtoPetfbirns PRGPAccLEEI pfACES &S Bvo
increiges tool reliability and production yield. [81 O her aspects and
advant agestagss. 7h ity- mﬁéwfheb Advgntage b éb«?rerea% dPetion i fat fe nifrilel PRpsipich

detai | ed degesi @h )}9@@1541@ §ktedl Qh Qﬁh%g%dlﬁtnasv%h D hg e AL IARY is P&ef&r awngs,

25 illustrating by way of exanple the principles o i nvent
another benefit of the present invention is that the two-step in situ spacer etch process of the

present invention can be used to accurately etch spacer layers having different thickness, thus
reducing defects in wafers and increasing throughput. Still another advantage of the present
20  invention is that the two-step in situ spacer etch process increases tool reliability and

production yield.
[8] Other aspects and advantages of the invention will become apparent from the

following detailed description, taken in conjunction with the accompanying drawings,

25  illustrating by way of example the principles of the invention.

BRIEF DESCRIPTION OF THE DRAWINGS

[1] The present invention will be readily understood by the following detailed description
30 in conjunction with the accompanying drawings, and like reference numerals designate like

structural elements.



BRI EF DESCRI PTI ON OF THE DRAW NGS [11 The present invention w Il be readlly
understood by the following detailed description 30 in conjuR8timsH 280¢ h

t he acconpanying draw ngs, and like reference nunerals designate |ike
structural elenents. 28 April 2006 6 [2] Figure 1 is a sinplified cross
sectional view of a sem conductor wafer dhaving a gate oxide |ayer forned
over a substrate, in accordance with one enbodi nent of the present
invention.[2p [ Jigdre gus @ sénplfied SosIPLdtionsldview ofa ssmmbhdmaalr waf@vhaofngthgatevaf er
shown in Figure 1, subsequent to form.,ng of a plurality, of paé silicon

gat es over il et Brasd que aypubsiraten in aceias cuhPin B BRBORE NPt he
present inygRtiben. [4] Figure 3 is a sinplified cross sectional view
illustrating a deposition of a spacer |ayer 10 108 over the previously
formed polysilicon gates, in accordance with one enbodi nrent of the present

i nventi.on 5] Fiqure.4A i.s ified cross s ion iew illustration
e marn S3kn JRFaC dne HPRAG Gt e uEl Regr OF e Sltrethord by HRH s

et ched i MelieRBRt R fanﬁlugsafamgﬂlﬁhlhty FHYPSIPERiMegakss 6V Nthe adage WRIdBJlaydie 1ﬂ EP
et ch endpoi nt detection netho in accordance with still another

embodi mentcerdange Wih@se pmbedmeniaf gie, presspt IFyegtipR 4B is a sinplified,

expl oded, cross sectional viewillustrating the use of |nterferonetry to
detect the end point of the main etch process, in accordance with stil

anot her 24 enivagira®rid a @ifnpﬂilﬁed progs entionahvient illostratihgd b dEp@ition of @ sphdeu$dyeat es

a 5|n graph, traci t he ensity of a reflected int erence, beam
vs. efbh ﬁﬁﬁevar e brectontiomehinolyoSErT it pa BRI vt TGP ({“I"?Sntpi)rfél%%nt
|nvent|on predentli@lenfibgure 4D illustrates a graph illustrating the seizing of

t he spacer | ayer main etch operation upon reaching a desired etch depth,
in accordance with still another enbodi nent of the present invention. [9]

Figure 4E Ll lu trat a r.a ? acin cer
operapion[ xteﬁ pa?g% ﬁ% 8g§fggsz% 6ﬁ%é§%§pﬁ% manl“'%q%ogmfgﬁletch
endpoi nt dﬁiiﬁgIWhI@Ha bulk CHOEFhaaCieysMIDB is etched implementing a substantially aggressive

15  etch rate using the IEP etch endpoint detection method, in accordance with still another

embodiment of the present invention.

[6] Figure 4B is a simplified, exploded, cross sectional view illustrating the use of
interferometry to detect the end point of the main etch process, in accordance with still another

20  embodiment of the present invention.

| Figure 4C illustrates a sinusoidal graph, tracing the intensity of a reflected interference

beam vs. etch time, in accordance with still another embodiment of the present invention.

25 [8] Figure 4D illustrates a graph illustrating the seizing of the spacer layer main etch
operation upon reaching a desired etch depth, in accordance with still another embodiment of

the present invention.

[9] Figure 4E illustrates a graph tracing a one-step spacer layer etch operation extended
30  pass the desired thickness implementing the IEP etch endpoint detection, in accordance with

still another embodiment of the present invention.



still another enbodi nent of the present invention. 28 April 2006 7, 1%%
Figure 5A is a sinplified cross sectional view of depicting tR8AmHA80¢ on
of spacers along sidewalls of the polysilicon gates subsequent to a second
etch operation inplenmenting the CES etch endpoint detection nethod, in
accordance with yet another enbodi nent of the present invention. 5 [11]

Fi gures 5B and 5C depict graphs illustrating the change in the OES em ssion
signal  Wwi[t0]i n Figiee SACk acdhaphfied cross scti@iat aiRoeofddplutiag ithd foanadidnest spacers
enbodi ment of the present jnvention. [12] Figure 6 is a sianLfi?d, ..
schemat | ¢ slggsisvalivot AP DR S o T aeseefidl sty operationtipplemynting
two-step %é:bEQre%eéﬁb&Qt ?éééctﬂ%mmétﬁbdaﬁfﬁcgﬁﬁﬁ& Witk De@NBIREEmBRRAd ENhe Of

the present inventionh. [13] Figure 7 is a flowhaft diagramillustrating
met hod operatitamsnper.f ormed in an in situ dual etch processor, in
accordgnce wi th yet another enbodi nent of the present invention. 15 [14]
Figure”8 is a flowhart diagramillustrating nethod operations perforned in
an in sity1jdudigedsciB %&S@&&hi@g gfyBd BiktediDb @RE BkdnBd il BR GESRneRmMbAGdHa

det ecti on netho&gto control the main etch while inplenenting the OES

met hod t o Withifl the etch isharakesr ig reprddnge with ofilbanndker wmbpdimepi ofjtheprstentinvention.
enbodi nent of the present invention. 20 DETAI LED DESCRI PTI ON OF THE
PREFERRED EMBODI MENTS [1] An invention for increasing wafer throughput

t hr ough i f#]en®igura@ isasiimplified, Ycliematic sdrep sedtivhalpitlogesisn of sn ekesgllarg & situ
Prefer bl¥, t he iq{situ f wo- step .etch Brocesses i useqyfo etch a 25
nitrid® (IVeser §i9h prResiing: pae: dpAcesrdangg ¥ith gpotay GhRdImed eph BERIECHbr
substrate;fjapi®g a plurality of gate structures. During the first stage,
an interferonetry endpoint (IEP) systemis inplenmented to detect the etch
endpoint during a main etch process. Subsequently, an overetch process is

f d bly, th ' ] . h h.of. th
iiride shRler ol 5 L IOFRoeioh B BT R R PIGR ARB P il "

r emai ni ng dtidlietehlpayeREsoBfin accordance with yet another embodiment of the present invention.

15
[14] Figure 8 is a flowchart diagram illustrating method operations performed in an in situ
dual etch processing system implementing IEP etch endpoint detection method to control the
main etch while implementing the OES method to monitor the overetch, in accordance with
still another embodiment of the present invention.

20

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS

] An invention for increasing wafer throughput through implementing an in-situ two-
step etch process, is disclosed. Preferably, the in-situ two-step etch processes is used to etch a
25  nitride (i.e., silicon nitride) spacer layer formed over a semiconductor substrate having a
plurality of gate structures. During the first stage, an interferometry endpoint (IEP) system is
implemented to detect the etch endpoint during a main etch process. Subsequently, an
overetch process is performed. Preferably, the main etch process removes an etch depth of the
nitride spacer layer leaving a thin layer of nitride. Thereafter, the remaining thin layer of
30  nitride is removed in an overetch process. In one example, the etch depth is measured by
implementing a distance between adjacent maximum or minimum fringes of a particular

endpoint detection wavelength. In one embodiment, the thin layer of nitride is removed in the



30 nitride is renoved in an overetch process. In one exanple, the etch
depth is measured by inplenmenting a distance between adj acent28muxXiliGR6 or

m nimum fringes of a particular endpoint detection wavelength. In one
enbodi ment, the thin layer of nitride is renoved in the 28 April 2006 8
overetch process inplenenting the tined-&tch nethod. In another exanple, is
the tinmed-etch overetch process car be nonitored by optical em ssion

spect r oscapyretdBEBycelssTiph pherRetting gheatimdd-gbh yhegdelde @i avehetegimplogiditisd tinied-Etch 2]
Figure 1 depicts a sem conductor fer 100 having a gate oxide | ayer 104
formed ovetVereifhsRipesss sarobe pronitprrd g@@@?‘@iﬁ&%ﬁﬁ% WEGHRsCAD G dmpleprentinga
present iqﬂgﬂ§g@aﬁw@%&ggHggﬂth shown, the substrate 102 is configured to
include a plurality of transi'stors, each of which is configured to include
source/drain diffusion regions. In one exanple, the substrate 102 is nade

t of P ial, allowng th i de | 104 b
Cher maty T8k o 8881 b BB o Ph e i hgus S5 Lo ovee
substr at e alfBsttate 1056k hedrdaRtOwith@ne embslBineiNofftHE PReent exRaAsdMIATltheugh not

substrate 102 to oxygen, caus%gg a substantially thin |ayer of oxide to be
grown on tshewa.th¢ sebstrate 10Rds sepredtte inqhpde Bpluggdisy of transishpss.ccach AEwhishdkness
of the ¢ i 1S C L.gur 0 f.anae I mat.aly

about 100 R SheulCYh Aeliyr BBl FONRT b AT, MELIEIR B A (o
about 150 nfadeTdwe gfraefiBcarethatehinlc lkaflesmigahe tghte oxife fate 10K ite de itherapfly @xiwmt el y

about QO0A.. Fi.gure 2. shows. the wafer 100 subseguent rrm.ng of .a

pl ur all i y HSL%EW& PR Bl dunaceq Py SR a_tsgg%sefeq bf &y Grash ntp fhe
accor dancexatibh ARRaceERACkAERE s®strhBe 0P8 98N en, EdNVBB ! QBstardtRIIPMEN layer of

i npl enentation, the polysilicon gates 106 are forned over the gate ‘oxide 20

| ayer 104 osideftd begrovapodhe unigeeof|thembstofte p&i. yBY Wi ofexemple, thedhignsaroighe e
oxi de |l ayer.. 104 Th afte th alysilicon gates 10 or.ne first
phot or ses Erepatiedm ioT ST e o ARG Fhm BRRSAFLER aP2R, B0 A HEREP R o
pl asma et ahd APrd prefepedly Somiapproximmitay Rald oabdafisoel.t Tike ppfdmes itHicieesn dahes
106. Ag it is desirable to maintain the width of the polysilicon gates 106
subst ant i &rleywxideds RFRXIBAElYIO994F abri cati on process, it is inmportant to
performthe fabrication 25 operations such that they will have
substantially no effect on the width of the polysilicon gates 106.

[3] Figure 2 shows the wafer 100 subsequent forming of a plurality of polysilicon gates

106 over the gate oxide layer 104, in accordance with one embodiment of the present
invention. In one implementation, the polysilicon gates 106 are formed over the gate oxide

20  layer 104 by first depositing a layer of polysilicon over the grown gate oxide layer 104.
Thereafter, the polysilicon gates 106 are formed by first photorsesit patterning over the
polysilicon gate material and thereafter plasma etching the polysilicon material to define the
polysilicon gates 106. As it is desirable to maintain the width of the polysilicon gates 106
substantially the same during the fabrication process, it is important to perform the fabrication

25  operations such that they will have substantially no effect on the width of the polysilicon gates
106.

[4] Referring to Figure 3, a deposition of a spacer layer 108 over the previously formed
polysilicon gates 106 can further be understood, in accordance with one embodiment of the
30  present invention. In one example, the spacer layer 108 is a conformal, and is formed by
depositing a nitride material implementing a chemical vapor deposition (CVD) process. In

accordance with one embodiment of the present invention, the nitride material is silicon



[4] Referring to Figure 3, a deposition of a spacer |ayer 108 over_the
previously formed polysilicon gates 106 can further be under g8 &l 2000
accordance with one enbodi mrent of the 30 present invention. In one exanple,
the spacer layer 108 is a conformal, and is formed by depositing a nitride
material inplenmenting a chem cal vapor deposition (CVD) process. In
accordance with one enbodi nent of the present invention, the nitride

mat eri al ingtride.| Bg ovay 28 exiyitiplé, tROMGkBesiof thedpaceBayeah08ak centaupddey ridge from
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appr oxi mateLyoupPehoR. TR flRUEd H0Qe & of TP RIS ES i dodpueking $8 Eﬁﬂroiiﬁﬁt acer
| ayer is configured to be approxinately about 1000 A°" 5 [5] Figure 4

depi ct's t boutdD90 &t ch operation during which a bulk of the spacer |ayer 108
is etched inplenmenting a substantially aggressive etch rate utilizing |IEP
as the“etch endpoint detection nethod, in accordance wth one enbodi nent

of the prgsjent FigivenA idepictsAse Bhia\wch opstabis® G whioh b Belknitie Hhedd 19REI16E i on,
a substantially thin | ayer 108 of the spacer |ayer 108 10 having a .

t hi ckness itgtchedngipimegting\g sylpstantiplly agepgssive eighirgie pHeng diRps ths stcpngpeint
respect t i - t I he. .l to
det er mi neggteé(}ﬁe(glﬁﬁaﬁ%&g? %5%05%4312? %y%? e%h%gggﬂlgﬂ){&t elgreme%dltlrr(??'e?{:%g%%q’
oper at i onsubspqueht ® thanradr etch loperhtid?, detibgtdntiolhy thiee{dyed1 085 of thplspaeniaydr 168

al rmsvﬁ(])]pr ci.sely .contr t he .end of the nmain etch Er ocess,

oi. ] t hus
al | owtfhg ORWNE ﬁ&l@wm% feé‘?f‘"B’F‘g'aAgﬁ‘lfl@tbﬁﬁPlé@&?%mé’fec yhasiayivy  reggechto

result, ipidhe dRieMIQUERERIRHO nidlRdN8SRNMPIENGd @NdetdhndRidap@t @hof
process is formulated so as to function as a substantially aggressive etch

process. Fprcehiayerbdtisshsequent He mpinciiefespcraorof In s tranacy, dhee IEP geteglinicer
| ayer 108 Pleﬁlo%qg%ﬁﬁé{ﬁ%gﬁf tg\ apng%sg 5%%?18 ?é@ a1 %te%h>f)o§1P§%e R btk iPprocess, thus

approxi mately a re y ranging from approxi mately about
100 A to 20&wifg thadmpleaieatadibh Yof amurexigpmbsitey eboaeralion. AAs 20 rdsblt, Theheuse

FUrthis  GBONIIENS 008 TFeroRdRer i 81 B oot FpMAGLTI WA de WETH Be
enmbodi meng, s%sta{nhgll}pig%?e%m/e etch process. In one embodiment, the thickness d2 of the thin layer
of spacer layer 108 is configured to be from approximately about 50 A to approximately about
300 A, and preferably ranging from approximately about 100 A to 200 A, and preferably
approximately about 100 A.
20
[6] The use of interferometry to detect the end point of the main etch process can further
be understood in reference to Figure 4B, in accordance with one embodiment of the present
invention. As used herein, "interferometry" is described as implementing a photodetector to
detect a reflected portion of a beam of photons having a wavelength as the beam of photons is
25  directed onto a surface of a layer to be etched. A plurality of beams B1, B2, and B3 have been
directed toward the layer to be etched, the spacer layer 108. As shown, certain portions of the
beams B1, B2, and B3 directed to the spacer layer 108 are reflected by the upper surface 108a
of the spacer layer 108 creating beams Bl-a, B2-a, and B3-a, respectively. However, as
iltustrated, some portions of the beams B1, B2, and B3 are reflected by a lower surface 108b
30  of the spacer layer 108, creating beams B1-b, B2-b, and B3-b, respectively. The reflected
beams Bl-a and Bl-b, or B2-a and B2-b, or B3-a and B3-b optically interfere creating

maximum intensity and minimum intensity fringes. As the main etch operation proceeds and



invention. As used herein, "interferometry" is described as inplenenting a
phot odetector to detect a reflected portion of a beam of photgg@fﬂaw%g a
wavel ength as the beam of photons is 25 directed onto a surface of a |ayer
to be etched. A plurality of beans Bl, B2, and B3 have been directed
toward the |layer to be etched, the spacap |ayer 108. As shown, certain
portions of the beans Bl, B2, and B3 directed to the spacer |ayer 108 are
refl ect ed thythidkaess peie sputch dner 10Bdecrabest the ispadwrofltiayefletOBbanaa? i-agndbeans

Bl-a, B2-a, and B3-a, respectiyvely. ver, as .illustrated, so portions
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The reflected béans Bl-a and Bl-b, or B2-a and B2-b, or B3-a and B3-b

opti cal | y fiingesy Weick car batusgtgto messimeLathioknesssiftthe matriad iginomed atrna givei tine.
fringes. the mai.n_etch operation proceed nd 28 ril 2006, 10,the

thi cengss ToF TEBCE he@hinbE Rt ohe HaBlRERCT bRy Ry SR YRR et e
beans B 1-of ti@Ndain Blchprodels iB2alauland bBZobhtingra $Bacific aebeDf ntédference fanYes at

i ndi vi dual pair_ of beans) cycles sinusoidally over tinme. That is, a

di st ance iaPagicalsf vgvehentaleen” adj acent maxi mum or mini mum fringes, which can
be used to neasure a thickness of the material renpbved at a given tine. 5

For instance, in accordance with one enbodi ment of the present invention,
the etch dd@pt h Tk caloflatiteofmht ktcatdepthpllabesgh countial tnbrétrede Hinges wat furhea

specific nunber of interference, fringes at _a_.particul ar. wavel ength.. 7]
The. b CulBLR e Tk HpEt (st erpbagh SLBa il orrirE i SrERTY B ges
can furthegfeckd iR BRI 4APH 1 W dhl) B1eS RE6ich tithed f FiJIHSAT dRhc BERRN: AR o @
plot 400 tracing the intensity of the reflected interference beans Bl-a and

Bl-b vs. embhdimenkofghe piegent énvgdion. nAs slovnd thecgraphi 449 idnsiratesboehiangestinghe t he
present invention. As sh r Q ilhystrates the,.ch j he
i nt ensi ty1 t?rfsét?’?(l'f/'i XIS %%g)otfgﬁ © ? %fge%%gf G Se%ij%e%ﬁsﬁgf-% Eelll(r‘;ideq %%geﬂggo he
et ch oper atdcosds (¢.06866802)i Aeplurakeyaofinfax#ubh intésfg@bnoe dlindey 404a, #B6Y, HOGY, and
interference fringes 406a, 406b, 406c, and 15 406d each correspaond to an

i nt end? t y 490d each eprigsgorq to angntepsity 14 ahtimes tl, Bs p @pd (o rppechizely) Asdilysiaied, 5

di stance Dl diagﬁc\@%ﬂ bEhReh W ax;'% G0Nt TR ﬁilﬁgélgcﬁ%aﬂa%aéfoﬁﬂ,da 4088ce 2

di stance D2 etween the two adjacent maxi mum fringes 406b and 406c¢c, and
t he di st ahetveDBtheetvamdiactrtt enaxaujradienges #&b andd doci mgletbe 4380cabd beGGEn dlac h

equi val entadjtagenzc(fna!(irr]nutrrm"rlsng@ ¢'ahd |466<fj cach %Cell%VaIEHQ%O X. In this manner, if desired, the

main etch operation can be seized when any of the maximum fringes 406b, 406¢, or 406d is
20 detected as each corresponds to the removal of a distance X, 2x, or 3x of the spacer layer 108.
Thus, beneficially, the IEP detection method can be used to halt the etching operation before
an opportunity to punch through the polysilicon gate arises, thus reducing the number of

defective devices.

25 8] Discontinuing the main etch operation of the spacer layer 108 upon reaching a desired
etch depth, leaving a thin layer of spacer layer 108 can further be understood with respect to
graphs 408 and 410 of a plot 400" of Figure 4D, in accordance with one embodiment of the
present invention. As shown, the plot illustrates the changes in the intensity of the reflected
light beams (y-axis 404") as the etch operation proceeds (x-axis 402'). Specifically, the graph

30 408 depicts the intensity vs. time changes of the light beam at wavelength 550 nm while the
graph 410 illustrates same for the wavelength 250 nm as the spacer layer 108 is etched. For

each illustrated wavelength, the main etch operation implementing the IEP etch endpoint



mai n etch operation can be seized when any of the maxi num fringes 406b,
406c, or 406d is 20 detected as each corresponds to the rem)vég Agtril 2006

di stance x, 2x, or 3x of the spacer |ayer 108. Thus, beneficially, the |IEP
detection nethod can be used to halt the etching operation before an
opportunity to punch through the polysillicon gate arises, thus reducing the
nunber of defective devices. 25 [8] Discontinuing the main etch operation
of the spakextibrayethod Géstiphiatedeaabbnginge dest rignsitgt @ hndlept ntedngaad mgtime t hi n
| ayer of spacer. | ayer. 108 can fyrther. be understood with respect to graphs
408 and 4 Ov_ﬂ1?&@?5d{llllws@ndaff\tﬁ&aﬁr@e%B,gr?afﬁr:ré%eorna%ﬁ eiiyeeh Ve Aeent
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the intensity of the reflected i ght ans (y-axis 4') as the etch
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the  opapn et oh el PrelBRAER ARy ng PE b RVl SRR SR BRI pacer

| ayer 108 is etched. For each illustrated wavel ength, the main etch
operation inplenmenting the |IEP etch endpoint 28 April 2006 11 detection
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can be interrupted at a desired étch d’epth eaving a thin spacer |ayer,

i rrespect ibgingdhe refaciiwevialemnet the ddyer long ithghphotdyepath.aN dbeingehey pubber offfringe

adj acent fringes. By wa f _.ex | e e e h i ned
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wavel ?ngth of the photon beam n Pei ng the refractive index of the |ayer

al ong1? he 2prisxigRtshaebput Al hamAn=3-frbos abds. Noth) thisknges of adftide, Whilske diRiRasf

per for m nge{en ML Nk} CjaRBRT fak P! frinB& SRBLCInd! Y6 A 0Ravdififputi Soance
bet ween the two adj acent” maxi num fri nges 408a and 408b at wavel'ength 550 nm

i's 15 apprppoxmtatdlyatziob6 nihl Thnsas ikudtrded, thergredterrthalwaveldngih aflai phktvadsanf
nitride, \{m:i glrgatérhlse th%id%tte?flr(]:g Between the adjacent maximum fringes. In this manner, the number
of sinusoidal cycles required to successfully achieve the main etch operation varies depending

20 on the wavelength of photon beams implemented. That is, where the wavelength is greater the

fewer sinusoidal cycles are observed as opposed to the lower wavelength where greater

number of sinusoidal cycles can be detected. In accordance to one embodiment, the short

wavelength allows better control of remaining thickness at IEP endpoint.

25 [10] In contrast to the plot 400" in which the etching of the spacer layer 108 has been
stopped by implementing the IEP endpoint detection control, graphs 412 and 414 of a plot
400" of Figure 4E illustrate the IEP etch endpoint signal if the main etch process has passed
the spacer layer 108 endpoint, in accordance with one embodiment of the present invention.
As shown, the graph 412 having the wavelength 400 nm has a plurality of maximum fringes
30  412a, 412b, and 412c while the graph 414 having the wavelength 250 nm has a plurality of
maximum fringes 414a through 414f. As shown, graphs 412 and 414 have met at a point 413t
and 413t' of graphs 412 and 414. As shown, the formation of the loops between the points



bet ween the two adj acent maxi mum fringes 410a and 410b at wavel ength 250 is
approxi mately about 62 nm Thus, as illustrated, the greater £28ARA¢EP@ngth
of a photon beam the greater is the distance between the adjacent maxi num
fringes. In this manner, the nunber of sinusoidal cycles required to
successfully achieve the main etch operdtion varies depending 20 on the
wavel engt h of photon beans inplenented. That is, where the wavelength is
great er t hia3t dnelwidBt' sientirgointtbluptipa béte ainasidisgcle ssigraing thp esmdudian dfltke ttoher
wavel engt h where f sinusoi
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one enbodi nent of the present invention. As shown, the graph 412 having
t he wavel ength 400 nm has a plurality of maxi mumfringes 30 412a, 412b, and
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operation, allowing the inplenmentation of a substantially aggressive etch
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s chemistry toward polysilicon and oxide. As a result, subsequent to the overetch operation, a
gate oxide layer 104' having a thickness less than the gate oxide layer 104 will remain.

20
[12]  Specifically, the overetch operation is carried on for a predetermined period of time.
In one example, the overetch process is carried on between approximately about 10” and
approximately about 1507, and preferably between approximately about 20 and 1307, and
more preferably about 50”. In one embodiment, the OES can be implemented to monitor the

25  overetch operation. For instance, as the etching of the thin spacer layer 108' proceeds, the
etchant molecules as well as the spacer material within the etch chamber continuously emit a

signal. However, as the overetch operation continues and as the predetermined time

approaches, the light emission changes signaling the conclusion of the overetch operation.

30 [13] The change in the emission signal within the etch chamber as monitored by the OES
can further be understood with respect to graphs 506 and 506' of the corresponding plots 500

and 500' depicted in Figures 5B and 5C, respectively, in accordance with one embodiment of



renoved inplenenting an etch chem stry having a substantially high
selectivity As used herein, high selectivity is defined as tR8AnrgR0Pate
of renoval of the spacer |ayer 108" versus the 15 renoval rate of the
underlying material (e.g., oxide). In one exenplary inplenentation, as
shown in the enbodi nent of Figure 5A, aiportion of the underlying gate
oxide layer 104 is also renoved during the overetch operation despite the
hi gh sel eahé pictent divehtiva. elthe iduntrated peyd SAX andt00easingdhtysdityi a8 ary-axid(iexisde. As
a result, subsequent to the overetch operatiqn, a te oxide |ayer 104’
having a 3 edesrrasely Had Hhe ag 4 wayside. PYYyepd 1533 WFSPPCtVE -ﬂl.owgdgf 12]
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em ssi on anges signaling the conclusion of the overetch operation. 30
[ 13] The change in the em ssion signal within the etch chanber as nonitored

by the OES, can.further be understoqd with respect to graphs. 506 and 506
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[15] In accordance with one embodiment of the present invention, the etch chamber 604
includes a plurality of containment rings 610 designed to confined a plasma 612 within a
20  plasma region 614. Additionally, the etch chamber 604 includes a center injector 608 having a
plurality of holes 608a and a light aperture 608b. In another embodiment, the center injector
can be configured to be a showerhead. As designed, process gases (i.e., etch chemistries) are
introduced into the etch chamber 604 through the plurality of the holes 608a. In the
embodiment of Figure 6, the bias RF power component 620 coupled to the ESC 606 is
25  configured to excite the plasma 612 from below while the RF power component 619 (TCP) is
coupled to a plasma chamber top window and is configured to excite the plasma 612 from the

above.

[16] In one exemplary embodiment, the ESC 606 is mono-polar electrostatic chuck having
30  a pair of conductive portions designed to function as a positive and negative electrodes.
However, in a different embodiment, a bi-polar electrostatic chuck may be implemented.

Therefor, once the ESC power component 620 and the RF power component 619 are



10 [14] Figure 6 is a schematic and sinplified illustration of an exenplary
in situ two-step etch processing system 600 configured to irrﬁsé\r?é‘ﬁfzog%P
etch endpoi nt detection nethod and tinme node overetch nmethod nonitored by
OES, in accordance with one enbodi nent of the present invention. The in
situ two-step etch processing system 6004i ncl udes an etch chanber 604

i ncluding an electrostatic chuck (ESC) 606, a grounded radi o frequency (RF)
power 15 aotigassienhustiBiking teopiaged 6ESGyiptinethe abampbere 604, 6@Bitiva dndghdgasadir ce
616, an | EP endpoint nitoring circuit 22, and an S endpoi nt

moni t or i ngOERf aaﬁerlyd%gﬁ.on [d@e]esneﬁ%edtogff a’é%egsﬁ G G @gﬂbaﬁﬁfé atigflotey
present i nuepidOied bAG &t G SRANBEN G BativeNsididsSha BYAUBES Ly (R respective
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regi on 6l14verfydig ool dfyn, wafbie6(8t dh thihavabesr, tBOvafen 60@ esscurely daldevith represt or
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desi gned, ppioExess gases (i.e., etch chem stries) are introduced into the
etch chanber 604 through the plurality of the holes 608a. In the
enbodi mrent of Figure 6, the bias RF power conponent 620 coupled to the ESC

606 is 25 nf i t i |2 0 : i ower
component 535 (Fehfn P aESGhAR G6CRBnREd KOMAPLAH AM U IR solicd
confi gur ed16 ontexid wefet 6@ thiaghehetlight hpcnnd 608b vebie\eefibefdpbil 6l 8 isomvafigwedpl ar y

enbodi pent, fhe ESC 606 |.S no- pol | ect rogt ati c chuck havjn 0,a pair
of cotBuc it St EaRRe S gRot o 6Pt SEimadedseric PUBIAALY Reguiips

el ect r odese IHPWRYint rhéhiriflé EdrfpdaRht 620R0d! RRtect Be RifteBRU Aiphiel ectrost atic
chuck may be inplenment ed. herefor, once the ESC power comnmponent 620 and

t he RF power conponent 619 are 28 April 2006 14 activated, thus striking

the pl as 12 within the cha r .604,. positive and,. arive otentials
are induc on Atsﬁltgscrr 1é’gaplemcrtnlm{/ee epaé aebo‘é 1R ﬁrée ng&?dglagﬁ %sﬁg%n€r%8f135§ : ases’can be

el ectr ost ahplembed efuringdr the g&tierapetioh edonteied be HRPSiahd e adv@refuhgapdritorpol es
of the_ ESC 608 and the res,Pecti ve over|aying portion of a wafer 602. In
this hanngpnitered by Qay. Addtipaallyeths meaiy plsehy efgh rorerpden ek the presgntiiReentiariss o6

g;r 'Og% t h@onﬁ%iu{%de%c FoipNGLr Qel:iﬁg QndikioA "k ﬁﬂ%@es@vﬁgﬁﬁé{é}s tih n&cmgugﬂp it or ed

predetermined thickness of the nitride spacer layer (e.g., etch reactant chamber pressure, gas
mixtures, gas flow rates, temperature, RF power (top and bottom), wafer position with respect
to the plasma, etc.). As illustrated in Tables 1-4 below, the embodiments of the present
20  invention additionally have been configured to function well within a broad range of each
parameters and etch chemistries. For instance, as shown in Table 1, in one preferred
embodiment, the combination of C,Fs CHF,, and O, is implemented during the main etch

process, IEP etch process.

25

30



[17] As shown, a fiberoptic bundle 616" is configured to direct light from
the |ight source 616 onto the wafer 602 through the |ight ap@ftAntd288®n
while a fiberoptic 618 is configured to 10 receive light reflected fromthe
waf er 602. As shown, the fiberoptic bundle 618 is coupled to the IEP
endpoi nt nonitoring conponent 622 so as15o detect the reflected light. [18]
As described in nore detail above, in one enbodi nent, different process
gases can be i npl engfibled -dEnemplgrytlBRE@l Briocegyfinsatlieomtic @hemigtyl ed by | EP and

t he overgq ' ' Tt ' 5
et ch operlatghQfhi}
conbi nat ijon efc, proce
t hi cknesy ahehiey nit
pressur e,| Igplgmenringt u
bottom, jwalE@Etghosi t

present invention g$: aieQRfive @HIGdrt 0 follow a spe
s paraneters to etch taQugh,bhe predeterm ned
i de spacer |ayer (e.g., etch reactant chanber
es, gas flow rates, tenperature, RF power (top anfd
on with respect to the plasma, etc.). As illustrpted
in Tabl e 1Enpei®d| ow, | t he enbodi ments of the present 20 invention
addi ti ongl 18F9%% e befen configured to function well within a broad rangp of
each paltrefseters—angd—etehrehenst ies.lrﬂ' instayuc, a3—show——tabte] 1,
in one pflef&t¥ed | enBodi ﬁ?tf‘"“t he| contfTS eear c2F6, |CFBEYE and™82 ik

i npl enentled dur i ngPovea i Mowtrch | process, |EP etch prodaedar) 25 80) 28 Ppri |
2006 15 Table 1 -| Exagp! ar ywakP Etch Process First Alternative|Chem sty
Exenpl aryFi rst Alfternativie Chem st rqFEt ch@HB/ CHi2FR/ 02 | Chemi sty

| mpl emenging | EP |Et ch Endpoi nt Def ecti on |RangesTopBott ol ow Rat es

n.

(sccros) pressureTenp PowerPower(nﬁorr)(C)
Preferred 300to 700 | 50 to 200 40t0 125 | 40to125| 20to 50 5 to 50 40 to 60
Range
More 400 to 600 80 to 180 60to 100 | 60to100| 25to50 20 to 40 45 to 55
Preferred
Range
Most 480 100 75 75 30 30 50
Preferred

In a different embodiment, as shown below in Tables 2-4, alternative etch chemistries can be

implemented during the etch operation controlled by IEP.



(watts)(watts) C2F6CH2FO, 2 Preferred300 to 70050 to 20040 to 12540 to
12520 to 505 to 5040 to 60 Range More400 to 60080 to 18060 to28adasd 2086
10025 to 5020 to 4045 to 55 Preferred Range Mst 4801007575303050 Preferred
In a different enbodi ment, as shown below in Tables 2-4, alternative etch
chem stries can be inplenented during tihe etch operation controlled by
|EP. 5 28 April 2006 16 Table 2 - Exenplary |IEP Etch Process Second

Al ternative Chem stry Exenpl arySecond Alternative Chem stry Etch

Chem stryCF4/ CH2F2/ 02 | npl enent | EP_Et ch_ En i nt. ecti on RangesTop
Power Bot t onfl ow Rat e a?‘%éﬁﬁwga&n%tg#é;g%es?%f"“?\%&‘frfwsf'Svgg{t'Aeé"r's}%Torr) (wat t s)

CFACH2F2(Q2 Preferred3P0 to 50050 to 12030 to 7510 to 3020 to 4510 to 3p30
to 60 Rarn geE,ijlg@SO tp 45060 to 10040 t osg%gl&gaﬁgﬁr&i&y?»SlS to 2540 fo 55
Etch Chemistry CF,/CH,F,/0,
Implementing
IEP Etch
Endpoint
Detection
Ranges Top Power Bottom Flow Rates (sccms) Pressure Temp ( C)
(watts) Power (mTorr)
(watts)
CF, CH,F, 0,
Preferred 300 to 500 50 to 120 30to75 | 10to 30 20 to 45 10 to 30 30 to 60
Range
More 350 to 450 60 to 100 40to60 | 15t025 2510 35 15 to 25 40 to 55
Preferred
Range
Most 400 80 50 20 30 20 50
Preferred




Preferred Range Mst 400805020302050 Preferred 28 April 2006 17 Table 3 -
Exenpl ary | EP Etch Process Third Alternative Chenistry Exenpl @8yAmEl@R06
Chem stryThird Alternative Chem stry |nplenentingHBr/SF6/02 | EP Etch

Endpoi nt Det ecti on RangesTopBottonFl ow Rates (sccns) PressureTenp

Power Power (C) (watts)(watts) HBr SF6QZ Prieferredl50 to 45010 to 9040 to
10045 to 1255 to 158 to 3040 to 65 Range Mbre200 to 35030 to 7550 to 8060
to 1008 to 129 to 2050 to 65 Preferred Range Most 250606580101065 Preferred

ghi?n ?{3:: Iyl E)%g?rgl ;-.I‘By- -[I%Elleg -%Ex-em;ﬁ:)l(rgm Latlc‘lyPrLc%st)TEitr(?theExll‘a igeecsilsemgs:t(?)lfjr th Alternative

Exemplary
Etch Chemistry Third Alternative Chemistry
Implementing HBr/SF¢/0,
IEP Etch
Endpoint

Detection

Ranges Top Bottom Flow Rates (sccms) Pressure Temp
Power Power (O

(watts) (watts)

HBr SFs 02

Preferred 150 to 450 10 to90 | 40to 100] 45to 125 5to 15 81030 40 to 65
Range

More 200 to 350 30to 75 50t080 | 60to100] 8to12 91020 50 to 65
Preferred
Range

Most 250 60 65 80 10 10 65
Preferred




Etch Chem stryFourth Alternative Chem stry |nplenentingCrF4/HBr/ Oz | EP Etch
Endpoi nt Det ecti on RangesTop Power BottonFl ow Rates (sccns)Pred$ efpo
(watts)Power (mrorr)(C (watts) CF4HBrO, Preferred600 to 100040 to 8060 to
20030 to 903 to 1010 to 3020 to 50 Range Mbre700 to 90050 to 7080 to 15040
to 705 to 1015 to 2520 to 35 Preferred Ra&nge Most 800601005032020 Preferred
[19] It nmust be noted that the light source 616 can be any appropriate

| ight source (e.g., 5 tungsten halogen |anp, nercury |lanp, a xenon |anp,

etc ). For instance, rif1e, WaXal RROIHISnTREIPAE dibdadie EHAGRYCN Nal ogen | anp

i s between approxinately abg 40 als : . ‘
Li kewi se, tlhe wavel engtjhs i npl enmented in a nercury-Argon |lanp is betveen
appr oxi mat ¢! yExabgaty 254 nm and approxi mately about 850 nm Simlarly, [the

wavel engt hg ed in a xenon lanp ig Retneen. 2GR {mat el y about| 250
nm and 10 ;;Eltcg?ﬁﬁ%{vel about 850 nm and Orl;%r e%r%fver aﬁ'ﬁéybet ween

appr oxi mat ¢l Yrkpetitne 250 nm and  approxi mat el y 960850 nm 28 April 24006
19 [20] Th¢ | B @dpoi Nt nonitoring conponent 622 can be any approprigte
appar at us

aviEncﬁ)oing detject or capable of identifying a broad spectrum qgf
wavel engt hs ref ected fromthe wafer 602. Additionally, the suitable]|lEP
endpoi nt m?ni Deectioly conponent 622 may i ncl ude a

Ranges Top Power Bottom Flow Rates (sccms) Pressure Temp
(watts) Power (mTorr) (O
(watts)
CF4 HBr 02

Preferred 600 to 1000 40 to 80 60t0200| 30t090] 3to10 10 to 30 20t0 50

Range

More 700 to 900 50to70 | 80to150| 40to70| 5to10 15to 25 20to 35
Preferred

Range

Most 800 60 100 50 3 20 20
Preferred

[19] It must be noted that the light source 616 can be any appropriate light source (e.g.,

5  tungsten halogen lamp, mercury lamp, a xenon lamp, etc.). For instance, the wavelengths
implemented in a tungsten halogen lamp is between approximately about 400 nm and
approximately about 850 nm. Likewise, the wavelengths implemented in a mercury-Argon

lamp is between approximately about 254 nm and approximately about 850 nm. Similarly, the
wavelengths implemented in a xenon lamp is between approximately about 250 nm and

10 approximately about 850 nm, and more preferably between approximately about 250 nm and

approximately about 650 nm.



sui tably programmed conputer having peripheral devices (e.g.,

devi ces, output devices, 5 etc.) capable of receiving and ana2§fﬂﬁ@2@@ia
recei ved by its det ect or conponent. Furthernore, although in this

enbodi nent the detector is configured to be a conponent of the |IEP
endpoi nt nonitoring conponent 622, in aigifferent enbodi ment, detector
conponents and programmed conputer systens can be inplenented separately.

Addi ti onalf2g], athehBRghdpoint iunstorigdxathomentt62p iche bomiyl apptobbiateaspgaratliS hivdne
been inplenmented to direct |ight fromthe Ii ht 10 source onto the wafer
and to di Peteteciarpriient (degifyings bqad SscHET wiisaEenretlseted pone tepwpist

moni t or i Ngo8ONRGNEMal G2 %he §L§t§91%CItEPV€A(¥)0m't '?n&nt@hﬁé %QBBne%W&QE“rH%ﬂﬁnch%@ya

appropriate ~nmechani sm capabl orm ng these functions can
i npl enent ewditabéy ]gfograamamim@mpater balvmg peripbfiaé dwxcreg (evik mpusdevates, qutput 56‘{1@6_‘5]

Upon | EP endpoin itorin 622 detecting t.h moval o

ot 180 Sk a0 ek g R oo FRned ep ey Y ke deRFREaferipb Tt
spacer matFafthé@hbre, hitlgou@h GihGemBRAGHEH: kR et tdr & éﬂnﬂgﬁ@d to beavérmgonant dfithe

| ayer of the s (Egcer | ayer having substantially the sanme thickness through

out the wAERenapgit groaitormgegompopent ©dhtia grdiffesent epbodiment, dptgetpesonmmments agl |
| 61
Dl 2omm 6L Do NI TP Bl ferlend SRy ARG LARLLNS, BACT

and 613b. e{nBa(]midpDﬁbdfre}bt&aélé‘\gnd o8 hand bexnsingflerhdngedetoctirerh dightefroaOthe lgght
second process gas is nt r odyuced e etch chanber 604 t u t.he
hol es?%08§°‘5?e ?‘%8 tha et ?ﬂi’; 68" reh ‘hﬁgq“ 6%“‘66%?&%%@"‘@501%@?150%% %@B‘“&‘hd
t he showepppag:ifd &O{Tﬁsné@cmd RERefIR o&"é il QNigiRGent| ShbdBhERY A9 hfffofEoNd

etch operation. is point, the endpoi nt_ nonitoring conponent 624 is
i mpl enent egchanismperdpable of nerf@’ndlpg)ﬁhn&e fonctiohecaesonplemeanteddpar atcombingtiereef ed

t owar d rereectl mhﬂgs% )n | ayer of nitride remaining on the surface of the
waf er 602. ﬁ e, the overetch is continued for a predeterm ned
peri od of tlne as the overetch process is nonitored by OES. By way of
exanpl e, the change in the intensity of light emtted by the second plasm

30 det? ne®@Wi t hipan {2 eadnomnt arenipene %ap%lﬁatn@@sd%t%@ecrsweéﬂﬁ &b wAvEgd e
e KRyl Wi Gl R AIRREL LY SIHSHERS AL e e
bundl e 61apatatidnnie terinitatvele leaving aghinHayer of the spacer layer having substantially the same
thickness through out the wafer surface. Then, the contents of the etch chamber 604 (e.g.,
plasma 612, polymers, by-products, etc.) are then released from the etch chamber 604
20  implementing a plurality of well known exhaust pipes 613a and 613b.

[22] Upon releasing the contents of the etch chamber 604, a second process gas is
introduced into the etch chamber 604 through the holes 608a of the showerhead 608. Again,
by powering up the ESC 606 and the showerhead 608 the second plasma is ignited, initiating
25  the second etch operation. At this point, the OES endpoint monitoring component 624 is
implemented to monitor the endpoint of the second etch operation directed toward removing
the thin layer of nitride remaining on the surface of the wafer 602. In one example, the
overetch is continued for a predetermined period of time as the overetch process is monitored
by OES. By way of example, the change in the intensity of light emitted by the second plasma
30  defined within the etch chamber 604 changes as the concentration (i.e., the thickness) of the

nitride spacer layer decreases within the chamber 604.



chanber 604 and the COES detector conponent defined within the OES |

noni tori ng conponent 624 is inplemented to conduct the |ight 28diRrt@806y
the plasnma to the CES detector, in which the emtted light is detected. As
the etch operation proceeds and as the predetermned tinme 5 approaches, the
concentration of the material being etched (e.g., nitride) within the etch
chanber 604 decreases causing the OES detector conponent detecting an
abrupt fal[k3]ng Iarthe embbdignent of FgufeEs s ifiya@btic ibnakle a&tlil rdgfihée bemderothet éteh
second etch process . 0. veretch). [2 As stated in nore detail above,
the pl asmeh@eH o9f aeégwfq%ﬁs 3%@%6@@@%@@ A e O RNy catpprent

follow a spegi frﬁ;ﬁerﬁé}m Rabh@n: afe 1@h@€ﬁ§éd%§&ﬁé‘§ﬁa%§ 1>@e BES Q1&i&hint Wiy gh
the remaining thin spacer |layer (e.g., etch reactant chanber pressure, gas

m xt ur es, thpasmitledightisalsiectetl e pethaeishepeRFop prseedstang aaitle prodataminedvigher

position with respect to the plasma, etc.).. As . illustrated in,Tahl es 5-6,
Phe empociRERPUREFE eshfoledio of WWemeRbir hiio st €Rnr ML " BeCiier s on
wel | wi t hicRaribdrédadiccRage calisifathl PRS dewtter co:E%fnehﬂ&ét&jﬁiﬁg,an%rLﬁiﬂMné Br
Table 5, in 15 one exenpl ary enbodi nent, a hi% |y selective chem stry
(e.g., a cimsiohsheQpS ggnabimgicatimgsimend of e sgoyn @ﬁlm@ceﬁwger%ﬁte@a)-to etch
the thin layer of nitride spacer layer. 28 April 2006 21 Table 5 -

Exenpl ary Overetch Etch Chem stry Exenplary Overetch Etch Chem stryHighly
sel ect i ve [Bl]emisst styte CAFGloEHAS il GHoRargesdmm Eohvprdsotst ainthk gresRat iegention is

(sccrm)r esebr STerm, (uet! sLeater (oLt (0 (uatis) CPFOCerass, rel g ed200
to 3015 t QeRARfgtifn (PACr faPer08 iR r&BRA: dHanber frealRl bRANRANEE gas flow rates,
temperature, RF power (top and bottom), wafer position with respect to the plasma, etc.). As
illustrated in Tables 5-6, the embodiments of the present invention have been configured to
function well within a broad range of each parameter. For instance, as shown in Table 5, in
15  one exemplary embodiment, a highly selective chemistry (e.g., a combination of C,Fs CHyF>,

and O,) can be implemented to etch the thin layer of nitride spacer layer.



Mbst 30002060508060 Preferred However, in a different enbodi rrent as shown
in Table 6, a chemistry having an alternative 5 high |evel of28<mE@009ity
toward the underlying polysilicon |ayer and oxide | ayer can be inplenented
to etch the thin layer of nitride spacer |ayer. 28 April 2006 22 Table 6 -
Exenpl ary Overetch Process Etch Chem stry ExenplaryChem stry with nedi um

| evel of selectivity OveretchQz/ HBr/ SF6 Process Etch Chem stry
RangesTopBot t onFl ow Rat es (seem;) PressureTenp Power Power (nirorr) (C)
(watts)(watts) O2HBr SF6 Pr glrg 00 to 900t 010 to 3540 to 13010 to
4050 10 9020 10 40 Range NOPESG0 HETRAIEEES PB*%H55 to 10015 to 3565
to 8520 tjo 30 Preferred R3gnge I\/bst90002075258020 Preferred [ 251 Referepce
i's made tOEx@mlﬁlL&WvEr@ﬁ{Etcl{ji agram 700 of Figure 7 illustrating method 5
operatiorls performed in arf in situ dual etch processor configured to
substantilal |y prEtiely cdntrol etch endpdli#ty sHetcth*Bi™Y i n accordance|with
one enbodi rrent of the precent |nvent| on. The m?mtmdz/d&egl ns in operat| DN

702 in ||aou ci!, 17 aulall ittt tayet et-cired S
ow r " Bo 'l?‘f Rates sccm J i’ressure Te
provi ded. )F bl ar kef’ ide’ ayer overli es e structu whi ¢t i h one
enbodi nent incl udes (a/atg%te oXpde | ayer and a poI y5| i con(quasrér TheER, |n
operation 704, a fjirst (watts)
CZFG CHze 02
Preferred 200 to 500 0 to 60 12 to 30 351090 30 to 80 50 to 90 40 to 65
Range
More 250 to 400 0to 30 15t0 25 50to 75 40 to 60 60 to 90 50to 65
Preferred
Range
Most 300 0 20 60 50 80 60
Preferred

However, in a different embodiment, as shown in Table 6, a chemistry having an alternative
5 high level of selectivity toward the underlying polysilicon layer and oxide layer can be

implemented to etch the thin layer of nitride spacer layer.
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Reference is made to a flow chart diagram 700 of Figure 7 illustrating method

operations performed in an in situ dual etch processor configured to substantially precisely

control etch endpoint detection, in accordance with one embodiment of the present invention.
The method begins in operation 702 in which a substrate having a blanket nitride layer to be
etched is provided. The blanket nitride layer overlies a gate structure, which in one

embodiment includes a gate oxide layer and a polysilicon layer. Then, in operation 704, a first
10 main etch process implementing first etchant gases is performed. The main etch process is
configured to implement the IEP etch endpoint detection method to control the removal of the
nitride layer during the main etch process thus keeping the thickness of the remaining nitride
thickness uniform through out the surface of the wafer. By way of example, the main etch

process can be configured to implement a combination of C,;Fs CHyF,, and Oy, CoFs, CH,F,



hi gh selectivity of the etchant gases will result in the renoval of the
nitride |ayer while having substantially nmininal effect on tR8ABdEPIYI ng
material. By of exanple, the highly selective etchant gases can be the
conmbi nati on of C2F6, CH2F2, and 02. In a different inplenentation, the
overetch etch process may inplenment the2&tchant gases configured to have
medi um 30 selectivity toward the underlying layer. In one inplenentation,

t he nedi urmd eydiiBetSEFhant O,gasds, HBplaad€ntae dtchantgagonihn thad memenfbedjcidit |,
and SF6. 28 rilé%?OG 24 Zg%ﬁwbvin%%}o,operatiqn 710, the overe CQ Ei.e.,
second et dbf é‘gﬁ@f‘ NoRSSTESSYE dPIR FlaRneRFratioReCagvRIFEELh COPEY alff SHMAYY of the
conti nued ke MaREEORLES BLNESEARRLIRGA]s. t1 Me. I n one embodi ment, the
overetch operation is nonitored by a non-l1EP etch endpoi nt detection

met hod. In one enbodinent, the non-1EP etch endpoint detection nethod is

ntenstty 91 REFFRUAE ZuRRTER RS ot B Ebh B g et 0et BY UETREE '

di sti ngui siahlaghiahbdages laydr oD ARri@x@MRAIG, Byhs dieshimpeUisdiadird it hrRgdetdis a
fall or arise in the intensitg of light emtted. In a different
embodi mentboyepthe thigkiesnelethe piEdelaysdo beceneredien- sisardapthy pan ke sabmilatest By by

bi as co m%mﬁgqntgﬁﬁgn&qﬁﬂgés nt i‘;l Rgﬁtcﬁﬁlt %%lél%{mqg gE Qﬁlbg&hﬁ‘%%{,‘% tﬁﬂﬁ@és? of

change is a préviously ascerta and anti Ci pated step i ncrease or
decr ease ithe blagkev ddyeagenitfi@0Ojembiméngreidnoitie @preladioronSthp dirftanamed:té¢hnpracess is si t u

dual ch processing.system .inpl epent.i | EP et ch .endpoi det ect j.on

et ot dufPHGEIE B RE R ARG PRF PO SLraor B eIy ABUE U0 AR brsistavy
overetch @ Er%tﬂrd?ﬁ‘ %ﬁﬁaximfeumutbﬂ)ow%q@t&%ﬂd ‘gfetfé}alﬂl?fa rBiiaRtdPaduf {A char t
15 diagram 800 of Figure 8, in accordance with one enbodi ment” of the

present invention. The mnethod beings with operation 802 in which a

substrate Vi t r.uc I rovi ded. e r u )
di scuscea T mors el SARHEh /R, ) BeRhd UOfocear 12, 00 Bubbhlfbilidonl
gat e oxi démplblexiitingl ) caplsin@ionT s8ébhd etchShiN:dséyBbnit@edl B @ioh dHP @udr erldpéint
surfai of the substrate , and the gate structure. In one enbodi nent, the
SiN | §er detectiogy Method- mbPeitsibsendr phrerielpyed 2bdinsat-1the secere Kish quigeess is a

Ther eaf t efimet HeySHAP hloRES. I3 ah&ﬁ&retx%qpfemfﬁ_cﬁf@re@:thc(kcﬂefbgipﬁ haPRefentide3tht tiMRvi ng
to operation 808, first etchant gases are introduced into the etching

chanber. made wgthodésmpniteed bnORSr Eoderai in sadifferent dxampleethexaenstcs tintergode
etchant 98RR Spr(?'cléses clagtbreonqgn?t%gedl brgft acr)ly appropriate non-IEP etch endpoint monitoring suitable
for detecting the etch endpoint of a substantially thin blanket layer of nitride (e.g., capacitance

20 tune setting change, etc.).

[28]  Preferably, the overetch (i.e., the second etch process) implements a combination of
etchant gases having substantially a high selectivity toward the top SiN material and not the
underlying layer (i.e., silicone oxide material of the gate oxide (e.g., HBr/O,/SFs, etc.) and
25  polysilicon material of the polysilicon gate (e.g., CH,F; /CoF6/02, etc.). As is well known, the
high selectivity of the etchant gases will result in the removal of the nitride layer while having
substantially minimal effect on the underlying material. By of example, the highly selective
etchant gases can be the combination of C,Fs CHyF,, and O,. In a different implementation,
the overetch etch process may implement the etchant gases configured to have medium
30 selectivity toward the underlying layer. In one implementation, the medium level etchant

gases implemented is a combination of O,, HBr, and SFs.



the etch chanber inplenenting a showerhead (or a gas injector) defined
within the etch 25 chanber. Additionally, the first etchant g 8 dgrif 206
selected so as to performa substantially aggressive etching operation.

For instance, as the first etch operation is configured to inplenent |IEP
etch endpoi nt detection nethod, in one ps#eferred enbodi ment, the first
etchant gases is the conbination of C2F6, CH2F2, and 02. In alternative

i mpl emrent g29jonMortifeto Wioﬂﬂlbpﬁe&fveﬁdﬂﬁ% asvdnd 2tchHBperatioh6is s@pﬂed)ﬁ/heror
CF4, HBr, and 02 can be inplenmented as 30 firs chant gases

exanpl e, WePETHHEORSFEIR I SePrUGHS i PEACIGRT NS B o Aans %@ agf‘e%m‘g?démgnt

I npl ement eg, o §dr LS opt‘}atﬁdn W Iﬁ@ﬁl@)r&lf ﬁ%@nJIEP 2 Jn‘aloélﬁi’"@ge&b()nsrﬁétﬁéd"glrﬂoﬁé ow
rate | evel of CH2F April 2006 25 Finally, low rate | evel of oxygen
is set. Thmbbdlmdt rthmgmn IEBrﬁc}pleed;@nme@tecan@enetme it RES. nok¥henpthef everaseh f | ow

rates for eac een shown. abo e.f es. 1l-4
Subseationthy horhis TRARETeE e MEERCBI RaS e Po FER Fluctplyint Bhae
pl asma,  HeimgBBCEAPrddigesf 4 lstin@lisHAbRICHAREY. atlh Ahe dxANPNE tRiX admingulslaabn@p
el ectrode ﬁovver and a bottom el ectrode power are set, respectively

di scussed changads e fabtosia riggpigvibe iegrsy off lighe epgisdania 2 S}ff@g%embe@meaﬁégr are
coupl ed 't s?an%?%l?eré tifed d%m%télggﬁer WL - m(-)rrﬁﬁped Bfa?%&'ﬁ%@nsht@f &leh! e%dgﬁ}l

Benefi ci al ’he enbo e present ention have the cap

to perfor ldetbbt&)nerhethod .apediatinguishstde abargo ipa pﬁumslgpamﬂamed laad alatroqoalteaitmpal I y
srmotltl1 r..In one n%l this task is 10 achi eved by decreasing the power
suppl ied tHBTERRO ’EeS BithecYB%e. In this manner, in one exanpl e,
dependi ng on the properties of t he | ayer being etched and the etch

chem stry, the etch operation conponent of the process over cones the
deposi t i o3& onghaemethod hepsrativhsiperfeimeyl dpaatern buiiul dualp etch SprogapingbwsiEn t o

oper at i on, 8]1 fnerrllténgel)kzlg%gcﬁq e;n R%r?tcdte? gtlc];r{ Onﬁlgﬁ] guraé tﬁgﬁ%m? t%l'{ %Rﬁh& ﬁlteefmlle

noni t or ed noni torl ng
t he porti abdefdutifiethepivete@h dpeamivgl k:iireﬁirﬂiér BH’lﬁlﬁietshﬁ)dS\th Eﬁﬁﬁ'em:fe tb helsublsit at e.

For each wavel ength, a distance between adjacent mum or . m ni nmum
fringtd i diagsays8 GohBiguig e imageRrdaRsrewih gre eRbodiment; Qﬁféﬁe pugsRat invgtiqng e lhe

nitride gﬁ'Ie%'daAelﬂ W %ritf%ﬁ%?qn whicH Q'S§bs%@r}ﬁ51ngt41§at9 LRET&e s Blovidas,

first et ope ation1s nonitored sinply by observing and counting the
nunber of Thé gaie sirdairecasodi@sssed Membre deﬁalkqbevatlnaiudes BpolysHisor gate forated lover

process | S gtteogpd%d I\}exf;i \1/r|1 Q}gerzglon%log abélglnllé)getr 1S g%%glte%fover tNe sur?ace of the substrate
and the gate structure. In one embodiment, the SiN layer is formed implementing the CVD

20  deposition technique. Thereafter, the substrate is inserted into an etching chamber.

[31] Moving to operation 808, first etchant gases are introduced into the etching chamber.
As was described in more detail above, in one example, the etchant gases are introduced into
the etch chamber implementing a showerhead (or a gas injector) defined within the etch
25  chamber. Additionally, the first etchant gases are selected so as to perform a substantially
aggressive etching operation. For instance, as the first etch operation is configured to
implement IEP etch endpoint detection method, in one preferred embodiment, the first etchant
gases is the combination of C,Fs CH,F,, and O,. In alternative implementations, the
combination of CH,F,, and O,, HBr, SFs, and O,, or CF4, HBr, and O, can be implemented as
30 first etchant gases. By way of example, where the preferred combination of first etchant gases

is implemented, first, a flow rate of C,F is set followed by setting a flow rate level of CHyF,



this manner, by inplenenting | EP etch endpoint detection nethod, a
substantially aggressive first etch operation can be inpl enedBrig006
substantially precisely control the etch process wthout having to
concerned with the probl em of gate oxide punch through, associated with 25
the prior art. Thereafter, in operation2816, the first plasma is rel eased
fromthe plasma chanber. [34] In the subsequent operation 818, the second
et chant gaseslyathe fiont taediece df wkidehris tdbe Thebedadahduebeore psfeirad eange, and the
enbodi ment, the_second etch operation inplepents OES etch_30 endpoi nt

det ect i on st PSEed Hpipie for eped dihaeasridlaus Aten SE?‘@? ahoyp I“}/,Tabg?sglh y sel ective
etchant gases are inplenented to renove the remaining thin layer of SiN
However, depending on the process paraneters, a nedium selectivity etchant
gases can [BY i ifpbsqeettlyd the8tchprhdmtRO06 REvefR5hp Nexts to rstuige pafiisb rpl88Q,

the' etch chanber is powered up, striking the. second etchant es. As

i Scused TRMBNEE i T S SBHIRR! fo et ring (o R isramar Fvoryse
setting aecldeRY® pdvidh afeRt, k@Pe@lveR! rAd@sBRdliA hddOBBIMIRIveCéacRdE RSopBAd  as
setting the pressure level. In 5 this manner, beneficially, the shape of

the SiN spatensleetpdasarcenpled|to agediafsguaney EHpopeecTaes) § prasyure lraplge 5g- t he
| evel of tﬂ%ﬁet@c@&lf}'?{ﬂe% %%Big%g%’of ft}%rl%r Rt fﬁ%ﬁ%&n [h?@e]hth%%iagﬁi& R S&%ﬁﬁ&ﬁeoac}gzél’
etch pr

an optical signal’”’ produced during the secon cess’ | nmoni tored. As
was expl aiopadtiomsoay © gledue | spadeasvihat irhdatemtlensiobtheof It dre opmiplzalkhis tagkad

detected 10 .is substantially directly proportional to the concentration of
he. il er Aoy Ty eokprips el peirer smba o T aotog Sertisdenilh (FSgeraGr T AR S N
is being LRIBYEdephiting 87 GRNGHALHI&N0Ofhe IRR: Bhib HBEH 8RS &R MeH Bhdhibhg ted ch
chanber, signaling the fast ‘approachi ng endpoi nt of the second etch

oper at i onetcReseration ograparentont 8RG prodess vwenedmes dhe gepeséing pemplingtlorthishued
once the %ﬁﬁﬁﬁgn gggg.?ﬁgaation has continued for a predeterm ned period of
tinme. In one exa%ﬂ?e,l%e ofe the 15 second etch operation is discontinued,
a di stingui shable OES signal may be detected. In one exanple, the CES

di stingui shable change is a fall in the intensity vs. tine traces whereas
in a 1Y f{¥¥enMax aperptil 8arfBe light geflepted from the sirfage of theesybstiate is

B T G
second et photopéeatidirciedpnentet sirficarel thedeibsteatst dior each wavelength, a distance
between adjacent maximum or minimum fringes is used to measure a thickness of the nitride
layer, as the nitride material is being removed. In this manner, the progress of the first etch
20  operation is monitored simply by observing and counting the number of sinusoidal cycles.
Next, in operation 814, the first etch process is stopped leaving a thin blanket layer of SiN. In
this manner, by implementing IEP etch endpoint detection method, a substantially aggressive
first etch operation can be implemented to substantially precisely control the etch process
without having to concerned with the problem of gate oxide punch through, associated with
25  the prior art. Thereafter, in operation 816, the first plasma is released from the plasma

chamber.

[34] In the subsequent operation 818, the second etchant gases are introduced within the
etch chamber. As in one embodiment, the second etch operation implements OES etch
30  endpoint detection method to monitor the etch endpoint, preferably, highly selective etchant
gases are implemented to remove the remaining thin layer of SiN. However, depending on the

process parameters, a medium selectivity etchant gases can be implemented.



the overetch process, in a different enbodi nent any suitable nethod can be
i npl emented to detect the overetch endpoint (e.g., capacitan@d AHEA§Es
etc.) Additionally, although in this enbodinent, OES nethod has been

i npl enented to nonitor the overetch process, in a different enbodi nent any
suitabl e etch endpoint nonitoring systemmy be inplenmented (e.g., 25 bias
vol tage change, etc.). Furthernore, in different etch endpoint nonitoring
systens, the etch endpoint change may be evidenced by any distinguishable

si gnal . Ad itiqgnally, it .nmu e p ated that irrespective of the
shape of tIfd s?%“ﬁ%rl ih Oﬂ’ﬁfé“%%g%%ftgf‘ea@ﬁ é?m Hes BPVFeP MBceukiag th ea?eé"’é{/?taléar‘i’éed
with a di Séahé?,CtAsCﬁ'ié&@&d' iR hd¥€ deh AP Powkis hIIS‘To?Eh%' &dh MPmbkt MR olvE@EGRtinglUS,
perform ng sanpl e etching operations on sanple substrates can be used to

det er mi ne leved f@Chs procdl¢dtrodaamdb the tottomi qiu@@dd a$ well @Is @eitifig thet resshieRee.c n
d t detect ti
over ot on aperarErodRi e TerParcy 3R SN et caRdn St UE oh BB Y

endpoi nt M thhiingWe Sveindlthe Bodtot bl &ctidaH T8 insthdre. | EP endpoi nt nonitoring
systens can be 28 April 2006 27 instructed to search for the predeterm ned

nunber of sinusoidal cycles, the predeternined |l ength of tinme for

over et chi a : t.race
s as 1o 180 F MoYHEARERTLR L n CRRLASKRL) R0 o T B ABCecb iy LB plderys
f or egoi ng monveredi oy Wm&xpla'mnd dlesord deedl ahovescnhimntbamey of thooptjpal :pgsiédetecfted

clar| of, under st.an it w.ll be apparent .that ertaln han nd
m)dlf at itH SW&931§ K JTPROBHOR O e LS MeeiragpR obtt %H@tealabg%%lege@ SRS

For exanplegshe®MIBgE, MBNAS e $561 BLthe NIRNT 8 RiINGAOMBEd LR ehita@BR0H the SiN
fabricating sem conductor structures having any t pe of netallization

lines (e. gesreassppithin the etah ﬁlumber,wﬁ@@h@tha:f@t aprveschmgteatipoigrofahd sspend etch
Addi ti onal l é\"atl(;lho ﬂfle;ith?nu%l:reitﬁ% gZ%' h%vgie cgldpe%h %ess s % (feonﬁgse% (Bn%g %j ggcgh an

exenplary I'nch” waf ers app Pcati on

t 0 subst r atdhsopefatividhys dogtisucdeBr apd:dsﬂaﬁmﬁsd pcuibld dsimd. hiasme eRhply cbfom thdre
manuf acture of sem conductgQr devices and flat panel displays. Accordlngly,
the presertcoathstaiopgitian &rdéSCPB“fB@dac%ﬁ]é'i“&Eé‘FSé‘ﬁbl%QESl yigned pay by detepigdn i one

restricti \éﬁarrrl%l@ﬂﬁ e DRES dlé%f\ﬁgﬁ%ﬂa%!b éh%ngh% thll Bemk 'nﬁlaﬁsﬁ? vk, Qnﬁé‘&a&l@%bx‘és giyen
her ei n, but be nodifiéd wthin t he scope and eqU|vaIents of the

appended dif&wm exAthgle, the chdnge ried riss in the trace. Then, in operation 828, the substrate is

removed from the etch chamber and is prepared for additional processes.

20 [37] Although in this embodiment the second etch operation implements time mode to stop
the overetch process, in a different embodiment any suitable method can be implemented to
detect the overetch endpoint (e.g., capacitance change, etc.) Additionally, although in this
embodiment, OES method has been implemented to monitor the overetch process, in a
different embodiment any suitable etch endpoint monitoring system may be implemented (e.g.,

25  bias voltage change, etc.). Furthermore, in different etch endpoint monitoring systems, the
etch endpoint change may be evidenced by any distinguishable signal. Additionally, it must
be appreciated that irrespective of the shape of the signal, the end of each of the etch processes
are evidenced with a distinct change in the shape of the intensity vs. time trace. Thus,
performing sample etching operations on sample substrates can be used to determine the

30 specific number of sinusoidal cycles for the IEP etch endpoint detection method as well as the
period of time to perform the overetch operation and the characteristics and shape of the OES

etch endpoint monitoring signal. In this manner, the IEP endpoint monitoring systems can be



28 April 2006 28 Clainms 1. A nethod for fabricating a spacer of a gate
structure, the method conprising: 5 performing a first etch 636&&8@006

i npl enenting a first etchant gas, the first etch process configured to
remove a portion of a spacer |ayer, leaving a thin spacer |ayer, the first
etch process configured to inplenent an2fnterferometry endpoint (IEP)
detection nethod to detect the renoval of the portion of the spacer |ayer;
and per f orindtigted ts ecanldl fet thh pedecesmetd Mubdre of isingsddsd eyolng tht phalkterrgmsed t he
second 1Q etch_ process incl udi nmoni toring by a non-|EP etch dpoi nt
process, Sﬁégﬂé%fctg’ﬁ‘d OéPE%etCIb‘P&c?é‘gghe&é?ﬁriaﬁﬁfié rf“}d/erﬂsé‘ﬁﬁ{}‘ésﬁaﬁé ”t ﬁ%‘? ﬁ)%g&ga&&rso
layer, | eayih@dRenSRAC&IdpbAl fol BRn3akLE structure, wherein the second
etchant gas includes a conbination of 02, HBr, and SF6 2. The nethod as
recited in claim1, wherein the first etchant gas includes a 15

conbi nat i of F6 2F2, and 02.. a,combination. of CF4, CHZ2F2 and 02, or
2" consi ndton AJfogy a0 dnyBiof np ERAIERLERA N oa? el eyl 2F
further cempity sf ogderdaRie@Ntid Wil B appacent ithas lcer®lif Rhi{ges 866 moditatié¥OMANBe t he
portion of the spacer layer, 20 leaving the thin spacer |ayer. 4. The

met hod as Praséirekewithip e soorerof thgrappeded sasme.sikiey :exanﬁléoﬁpb?fﬁmﬁﬁs tdr¥ribet ond
etch proc -1 [oJe? t i J . I et hy e

| ayer by ?%%H%gﬁgﬁéP&%%%ﬁ ga%%@fﬁ?&%?%%%@@“ﬁﬁﬂRﬁﬁeﬁﬁ%ﬁﬁgsggkﬁéqg C p?gcess
25 has comtdtailiedion dinesa(e @y, @dgriee ratonmedmp@engsoch amfl ofliemmetals or Bleysie Alddidondllyc| ai m

1, wherein the I EP efch endpoint nonitorin thod is configured.tp

ot 0D s MG B o TR e HESOLBADPrth 4 e Rplang B p et e 1 he
t hi ckness pafanfer&ing] be @RfdltiedUbs AlitARN th kbstdles Bf PRPMABtiRNandFHSERALR BY A
di stance between 30 consecutive maxinmumintensities. 6. The net hod of

claimb5, wheseeinpleyed iothd ERnpfaetree ol peniondusiirt deviigey andeflabgand dpnlexsal
em ssion %R:%&Id{n%?}g HY, prgs%@mbodiments are to be considered as illustrative and not restrictive,
and the invention is not to be limited to the details given herein, but may be modified within
15  the scope and equivalents of the appended claims.

What is claimed is:



28 April 2006 29 7. The method of claim1l, wherein the spacer layer is a
nitride layer. 8. A method for fabricating a silicon nitride28pasid200¢ he
met hod conprising: performng a first etch process inplenenting a first
etchant gas in a plasma 5 chanber, the first etch process configured to
control a renoval of a portion of a sil2&con nitride |ayer fromover a
surface of a substrate by nonitoring a light reflected by the silicon
nitride layer, the first etch process ¢Wifdier configured to | eave a thin
silicon nitride layer over the surface of the substrate and to maintain a
t hi ckness of the thin silicon nitride |layer substantially uniform

t hroughout the surface of the substrate and a gate structure fornmed 10

thereon, the filrst efcheioddas emntcheny ed shatet Nl Wdga@ s@IRIRALthO NmefhoEF4,
HBr, and 02; and perform ng a second etch process I nplenenting a second

etchant g&8™P{'88second etch process including nmonitoring an optical

si gnal spr Oduceg,eHXnﬁingeaff?ﬂ& «chl‘? A QL gg{lﬁgﬁ?%ﬁeﬁﬁp%t&%ﬁpﬁgsoqfléﬂﬂrgcretcﬁhe

second etch process configure r enov insilicon Aitride 1ayer,
| eavi ng t PECCSPY FRBIZUFAd: o 1§08 p Ackartigopf @ Bacgalayes tleayéngp dhin spagr layse et hod

as recit ediritNeteh 3rHcds cobfified t6 AMPdrddiGin inRdHF@bRBiry chilpsiht PIERS Rtk Nt
defi ned MAthgn tE@ pI@ﬁna Qggn? r. 10. %Pg met had as recited in claimS8,
wher ei n t ARG Hlgtest e Tpawal of thegortian ofdht harerda¥srad predet er i ned peri od
of tinme. 11. T : ' ' i . ' '

operation and refgﬁ_lggg%n%%g%(gﬁk%jg?{f? | g[hgi gfr??gﬁ%n g’%%él %tér}ﬁgf F%Ss’tﬂﬁgé%gnd The
met hod0 as efclichroesss iinclediag menitoiinertei & nepdEP otétnhgndnieént| nrgenss.r e | seeanddetply

the silicordlddonfguled¥s ferhdVe!tHE@Sn shké@6)drNGan hﬁtsgﬁbep?&rfh@gé@ strilure,
silicon nitride |ayer; observing a reflected photon beamreflected by the

silicon nitri devhespethe saowhd aetaat gasnndigdean cehbinatieptofi OasHBhendliSFst et ch
operation proceeds. 30 13. The nethod of claim 12, wherein determning the
etch depth includes:

2. The method as recited in claim 1, wherein the first etchant gas includes a
15 combination of CyFg, CHyF;, and O,, a combination of CFs, CHyF,, and O, or a
combination of CF,4, HBr, and O,.

3. The method as recited in claim 1, further comprising:

discontinuing the first etch process upon removing the portion of the spacer layer,

20  leaving the thin spacer layer.

4, The method as recited in claim 1, further comprising:

discontinuing the second etch process in response to monitoring the removal of the
thin spacer layer by the non-IEP etch endpoint process and when the second etch process

25  has continued for a predetermined period of time.

5. The method of claim 1, wherein the IEP etch endpoint monitoring method is
configured to monitor a photon beam reflected by the spacer layer so as to determine the
thickness of an etch depth during the first etch operation implementing a distance between

30  consecutive maximum intensities.

6. The method of claim 5, wherein the non-IEP etch endpoint monitoring

method is optical emission spectroscopy (OES).



nonitoring an intensity of the reflected photon beam determ ning a

di stance between a pair of consecutive maxi mumintensities; aRd\rR@20¢fi |
2006 30 determ ning the thickness of the etch depth inplenmenting the

di stance between consecutive maxinmumintensities. 14. The nethod as
recited in claim8, wherein the second ® chant gas includes a 5

combi nation of C2F6, CH2F2, and 02, or a combination of 02, HBr, and SF6.

1.5 Amethod for faiicatbngr iyl | niifeinae I L

met hod conpri sing: performng a I'rst etc rocess using a st etchant

gas, the first etch process 10 inplenenting an interferonetry endpoint

(I EP) detection process to detect a renoval of a portion of a nitride

spacer |ayer; & scont mgthoddot fabri¢dtingta selicomn Imrld@éB@eupmHm@ndngmlh@

portion of the nijride s cer V|n n nj rlde ﬁ&acer Ia%er;
g

perform ng a s®EUATMBECH togtggspr)équﬁgmg) JRTbing %t}lbrﬁtamc @natsgqs
opticab Lhamabers gieofirss pehtprmg pynfiieS) tee a@tpml mt refval of & pYrtfwnoetes silicome

second et(I:l rlﬁl é)acesfs;omconfl Oe},cetokg suas?}%lYee Irﬁgn r%ep %}g %ﬁ egfﬁ Besﬁ%g

| eavi ng t he rae’s St PUCt i nairng
second et oftrige dayes she rﬁrﬂﬁcﬁon@ee&scfutth@ @ES gnsdi tt)dcawgl prinsdisen nitvide de«ien t he

first et C*&%&I thgéﬁrféd%%fl«eﬁees%bétr&e @Hn%ﬂ%hﬂl@alf?fa tﬁ%ﬁﬁess %ﬁf%hlélasnl‘i’co%lﬁiag fléﬂﬁ 20

second et chant gas I ncl udes I nation 1I'r st

et chant g&ubstaniially gagomn élaﬁbgw ithgnsusfacepd th f(:ﬂﬂls?ateaﬁﬁ‘é pgata SHUEHE DEvehd

etchamd gaferddit tedBSt AchaaPFdidaatineed &f indfide HBombaAdoS6PCEL, 1B hiidO,;ehahant
gas includes a combi nation of CF HBr, and 02 and the second etchant gas

i ncl udes a coniperfatniog acfec@RF6ich ®H2d'e2§ Hapidm@m;ng)a sedvaad dt¢chast g cheasecogds

| ud inat| f ,

ol udeg S BHERARE A m GtbringEhop i1 3tat HESSEM L SLEAN i Guring The
wher ei n a Sgdond Risdperstiophe serond sichrreress epndiguradg spmoyesthg élnﬂlsgw%aﬂtlée
range bet wsep |@aké 5Hit& NitddOdpac Fortha Bate 30 cthre.

15
9. The method as recited in claim 8, further comprising:

purging a first plasma content defined within the plasma chamber.

10.  The method as recited in claim 8, wherein the second etch process is

20  performed for a predetermined period of time.

11.  The method as recited in claim 8, wherein the first etch operation and the

second etch operation are performed in situ.

25 12.  The method as recited in claim 8, wherein monitoring the light reflected by

the silicon nitride layer includes,
directing a photon beam onto the silicon nitride layer;
observing a reflected photon beam reflected by the silicon nitride layer; and
determining an etch depth as the first etch operation proceeds.
30
13.  The method of claim 12, wherein determining the etch depth includes:
monitoring an intensity of the reflected photon beam;

determining a distance between a pair of consecutive maximum intensities; and



30 17. The nethod of claim 15, wherein a thickness of the thin nitride
layer is configured to range between approxi mately about 1088 Aprihd0®p0o A
18. The nmethod of claim 15, wherein a thickness of the thin nitride spacer
| ayer is configured to be about 100 A. 28 April 2006 31 19. An in situ
dual - stage etch endpoi nt detection syst®m the system conprising: an etch
chanber confi gured to include an electrostatic chuck (ESC), a top

el ectrode, %e%nﬁﬁﬁﬂg? @ﬂeejtlﬁ%'é%ggf t}%hgtcﬁ%gﬁlehﬂﬁeﬁlgﬁﬁﬂ§ere&lxsfaﬁces YORREL 2

waf er having a spacer, Tayer over gate structure; an

i nt er f er ofeBPUIBYFIBSTIARIY IDEDPitie®ni t ori ng system configured to nonitor a
photon beamreflected by the spacer |ayer during a first etch operation;
and a non-| EP endpoint nonitoring system configured to nonitor a second

etch operation j4by "ﬁ‘x@'rﬁé%ﬁéd"& RBit&H a1 i ®  wikPeitiigy s%'c@n@etf:hdfrﬁ? a§fn€ﬂldes a
operatlonl Ierrentlngﬁt he | EP rmnltorln stemls onf i be

Sy
di scon?i n§eerbEEtian of GoleeGiletn ahPR, @ mﬁﬁf’é‘ro rand d dur| ng the
second etch operation. 20. The system of claim19, wherein the non-1EP etch
endpoi nt nonitoring system is configured to inplenent optical em ssion
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performing a second etch process using a second etchant gas implementing optical
15 emission spectroscopy (OES) endpoint monitoring process, the second etch process
configured to remove the thin nitride spacer layer, leaving the nitride spacer for the gate

structure; and
discontinuing the second etch process in response to the OES monitoring process,

wherein the first etchant gas includes a combination of C,Fg, CH,F», and O, and the

20  second etchant gas includes a combination of O,, HBr, and SFg, the first etchant gas
includes a combination of CF4, CH,F,, and O, and the second etchant gas includes a
combination of O,, HBr, and SFg, the first etchant gas includes a combination of CF4, HBr,

and O, and the second etchant gas includes a combination of CyFg, CHF», and O,, or the

first etchant gas includes a combination of CF4, HBr, O, and the second etchant gas

25  includes a combination of O,, HBr, and SFs.

16.  The method of claim 15, wherein a thickness of the thin nitride spacer layer
is configured to range between approximately about 50 A and 300 A.

30 17.  The method of claim 15, wherein a thickness of the thin nitride layer is
configured to range between approximately about 100 A and 200 A.

18.  The method of claim 15, wherein a thickness of the thin nitride spacer layer
is configured to be about 100 A.
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19. An in situ dual-stage etch endpoint detection system, the system comprising:
an etch chamber configured to include an electrostatic chuck (ESC), a top electrode,
and a bottom electrode, the ESC being configured to support a wafer having a spacer layer

formed over a gate structure;
an interferometry endpoint (IEP) monitoring system configured to monitor a photon
beam reflected by the spacer layer during a first etch operation; and

a non-IEP endpoint monitoring system configured to monitor a second etch operation

by monitoring an etch time;
wherein a first etch operation implementing the IEP monitoring system is configured to

be discontinued so as to leave a thin spacer layer to be etched during the second etch operation.

20. The system of claim 19, wherein the non-IEP etch endpoint monitoring system

is configured to implement optical emission spectroscopy (OES) to monitor the second etch

operation.

21. The system of claim 19, wherein the IEP monitoring system is configured to
monitor a photon beam reflected by the spacer layer so as to determine the thickness of an etch
depth during the first etch operation implementing the distance between consecutive maximum

intensities.

22. The method of claim 19, wherein the first etch operation implements a etchant
gas configured to be one of a combination of C,Fs, CHF;, and O,, a combination of CF,,
CH,F, and O, and a combination of CF4, HBr, and O, and the second etch operation
implements a second etchant gas configured to be one of a combination of C,Fs, CHyF», and O,

and a combination of O,, HBr, and SFs.



