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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 enhancilng the etch endpoint 15 detection of
a nitride layer. Description of the Related Art [2] As is well known, the
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fabbicated transistors. This silicon nitride |ayer is subsequently etched
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increasing, so is the need for inplenenting a nore controll able etch
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step silicon nitride spacer etch process as rne aggressive nature of the
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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 enmenting a one-step plasm etching nethod (e.g., dry etching). The
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exposed 5 surface of the silicon nitride layer. During the one-step plasma
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t he Ilg t ‘'emtted by the gases within the etch reactant chanber is used to
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[ 7] Thus far, however, the CES nethod has proven to be |ess than reliable
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usijgg the predom nantly used aggressive chem stry causes the renoval of

portions of the gate oxide or ulti matelo%, in gate oxide, punch through. 30
[6] Thus far, optical emission spectroscopy (OES) method has been primarily utilized for

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.

[71 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 CES nethod has a severe negative inpact on fabrication stages and thus
sem conduwoas/osmsuf act uri ng. WO 03/ 038889 PCT/ US02/ 34140 P8TArROngH1ad her s,

t he unpredictability mandates the close nonitoring of the one-step etch
process, nultiple inspections of the sem conductor substrate during the
one-step etching operation, necessitly to recalibrate the tools for each
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[ 1] Broadly speaking, the present invention fills these needs by providing
an apparatus and mnethodol ogy for fabricating nitride spacers utilizing an
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controlling the etch process as well as the shape of the nitride spacers.
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is etched. In one enbodinment, the thin layer of nitride spacer is etched
i npl enenting a 20 tine node etch nethod utilizing a highly selective etch

chem stry. In another exanpl e,gihiAfaryONETH NWERIIBRESS is a tined-etch nethod
i npl ementing a non-1EP etch efdpolnt detection nethod to nonitor the
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numerous ways, 1ncluding as a process, an apparatus, a system a device,
or a nepisers. Isencprafered ompedigant, the nitride spacers are fabricated by performing a main

etch process 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



enbodi nents of the present invention are described below 30 [3] In one
enbodi nent, a nethod for fabricating a spacer of a gate structure is
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i npl enenting a first etchant gas. The first etch process is designed to
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[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  a second 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 siru so as to

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



remove the thin spacer |layer. The nethod further includes nonitoring an
optical signal produced by a second plasnma during the second etch
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dr aw NBRather 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.



25 illustrating by way of exanple the principles of the invention. BRIEF
DESCRI PTI ON OF THE DRAW NGS [ 1] The present invention will be readily
under st oowolwg/osds89 f ol | owi ng detail ed description 30 in ceajrursot/s4am Wi th

t he acconpanying drawi ngs, and like reference nuneral s-designate |ike
structural elenments. WO 03/038889 PCT/US02/34140 6 [2] Figure 1 is a
sinplified cross sectional view of a %eni conduct or waf er havi ng a gate
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pol ysilicon gates over the gate oxide |ayer, in accordance with one

enbodi neYenueif- t he present invention. [4] Figure 3 is a sinplified cross
sectional view illustrating a deposition of a spacer layer 10 108 over the
previously fornmed polysilicon gates, in accordance with one enbodi nent of

t he5 pr8sentFiguty entid ansimphliedicepss esedifdnals vizws ofiphd wadd dovssins Egureonal vi ew
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USI NG t,REkdRe G4k bn BB iRk RHRGL LR ifRAGE. i N accordance with still
anot her enbodi nent of the present invention. [6] Figure 4B is a

sinplified, exploded, cross sectional viewillustrating the use of
interf metyry tQ.detect..th n (.nt. of. mai j
accor di‘r@ge le;nrl %/lﬁe gt‘? i trlllcf;lf3 %erro(gs %ﬁggdr%gﬁ%ﬁgh{ﬁggg? ﬁgﬁ%ﬁgg 2)291 CS??\‘:\% }flty ?ron. [ 7]

Fi gor e 14€ oivéd 18 breaioasly doried ppbisiliebn giteln adcoatandegwitinend ermboiment abfthea
reflected interference beamvs. etch tine, in accordance with still

anot hePTSAHABTSHER- of the present invention. 25 [8] Figure 4D illustrates a
graph illustrating the seizing of the spacer |ayer main etch operation
upon reaching a desired etch depth, in accordance with still another
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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.

[7] 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.



30 pass the desired thickness inplenenting the | EP etch endpoi nt detection,
in accordance with still another enbodi nent of the present invention. WO
03/ 038889wb@3/04$882/ 34140 7 [10] Figure 5A is a sinplifiescrrusey3decti onal
view of depicting the formation of spacers along sidewalls of the

pol ysilicon gates subsequent to a second etch operation inplenenting the
CES etch endpoint detection nethod, i’n accordance with yet another

enbodl prese i hvention. 11 ure depi ct
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|nvent|on [12] Figure6 is a sinplified, schematic, cross sectiona

i | | ust et DBA et cadpeiriedgiecaioy meshash tnaccordangs- witfeyetanethereraadime of diest em i n
accordag%gmﬁﬁaﬂtgnother enbodi ment of the present invention. [13] Figure 7
is a flFowChart |agran1|IIustrat|ng met hod operations perforned in an in

sitg dual etch processor i n accordance mnth yet anot her enbodi nent of the

present jnvention, 14] Figure 8 is a f har { millustr tlng
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i mpl enﬁmﬂnﬂﬂhe ik cﬁ&rﬁll)'br &R APQIrncd QLR Sl %tﬂ@@ﬂl@gdﬁr)@nm ke ;ﬂlasehhiﬁverﬁ‘i@h n etch
ile inplenenting the CES nethod to nonitor the overetch, in accordance

mnth still another enbodi nment of t he present |nvent|on 20 DETAILED
DESCRI TN (. THE, PRCEERREC. ENCD! NENTS. Ll i PYFEE LBk Bfac BERERST 10

waf er ﬂ NSt u process, is

di 90! os®e- steBl'&f;}ﬁ bﬁi@bsémgt §i8tehd)-if | dctorti e SVEP afbthdt @ﬁl&ﬁiﬁﬂa&Soﬂ the yge@nt 0 et ch
a 25 nitride (i.e., silicon nitride) spacer |ayer forned over a

sem con®N¢@H® substrate having a plurality of gate structures. During the
first stage, an interferometry endpoint (IEP) systemis inplenented to
detect the etch endpoint during a nmain etch process. Subsequently, an

over et c{h3]pr d‘t'tmeﬂ isa fewtlowrtndagraiRriddsemaiy methodh eparatians pedérnpdoe es ¢ sisnoves an

etch de% ] etc% procegsor in 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

[1] 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



nitride spacer |layer leaving a thin layer of nitride. Thereafter, the
remaining thin layer of 30 nitride is renoved in an overetch process. In
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Wi t h oréghbndsdrgiineeich efemigfey. present i nvention. Al t hough not shown, the
substrate 102 is configured to include a plurality of transistors, each of
which is configured to include source/drain diffusion regions. In one
exagpl §2] t heFigub$depite atbdicosductondafed W00 bdvig Sgdté cxdde hmperelOh dbrmedldvewi ng t he

gate oxide layer 104 to be thermall rown 10 i npl epent i ng oxj dati on
f ur nace supgratg H& ihaceordapee withepg %‘Pé"‘%@?‘“i@ thenRrEenE IV t‘ﬂ@“’“gg’( 8&t i on

furnacgpuPaRd Behstrhie 1990 Loriered Q8 irfcPud@ e S8R i tyCoUPInS@toRs, ShdhssfampkitRld y thin

|l ayer of oxide to be grown on the surface of 'the substrate 102. By way of
exanpl eonfigueed ti tklvds sowte/diain diffasien asdiers. | layane ex@@ples theowbbttale ¢02 10 r ange

from appr.oxi mat.el y.,.about =10 to ut. 20 [ from
appr ox ety S0t iR st oM Re R dhus O as Yous " TRBE SUHRY Bih, T 0T
oxilde iimprRaRhGXd BRtRidatial Fuina@)AFof 3stantguhe sabsiaews02 ke insertedr intd) Ghe
subsequent formng of a plurality of polysilicon gates 106 over thfe gate
oxi de I04{AgHoN fumack exprsitgr e Sekstiaiet 02 ShaxBRBodHHBRE supsiangially fug fyer o

I nvent i Qe 1§ Be S3&nI ARhETRALALT ROsubbiPfe PS5 LALoExaRbRShd Biciaks Jr@tered over
the gate oxide 20 |l ayer 104 by first depositing a | ayer of polysiljcon over
the gr @are agadedapxilfe id eopdiguedde ranfhfromaipprximattle apaityl69 14 oaboya2®WsA106 ar e

formed by first tprsesit patternin ver e olysilico ate materi al
and t h@PémeePre&Pag’i 0&38}%%068"%‘?1‘%5% fgsai f"lltclgh r}‘ma{{ er?rgﬁserrf %&dcg?’ ?SﬁeO?ttlhee
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process, it is inportant to performthe fabrication 25 operations such that
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gat es
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



106. [4] Referring to Figure 3, a deposition of a spacer |ayer 108 over the
previously formed polysilicon gates 106 can further be understood, in
accor dancwowistobsssne enbodi ment of the 30 present inventi ®CT/US02/64180

exanpl e, the spacer |ayer 108 is a conformal, and is formed by depositing a
nitride material inplenenting a chem cal vapor deposition (CVD) process. In
accordance with one embodi nent of thé present invention, the nitride
material .is silicon WO 03/038889 PCIT/USQ2/ 3414 L tride. of
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depi ct spthqop®ikn et ch operation during which a bulk of the spacer |ayer 108
is etched inplenenting a substantially aggressive etch rate utilizing |EP
as bhe etch endpoint detection nethod, in accordance wth one enbodi nent

of the esent inyention. As shown, .subsequent, t he ,main etch eration,
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f unsherembodiments of the present invention, the main etch process is formulated so as to function as
a substantially aggressive 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
illustrated, 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



be understood in reference to Figure 4B, in accordance with one enbodi nent
of the present invention. As used herein, "interferonetry" is described as
i npl enentwO@3a3gskot odet ector to detect a refl ected porti @aTafSozs4a¢am of
phot ons having a wavel ength as the beam of photons is 25 directed onto a
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maxi mrum or mnimum fringes, which can be used to neasure a thickness of

t he mateyi alrenmyv ' [ ks rﬁ&% LR W th
one en‘&%i rrETnhte ng u@ﬂg@ %fr @S gh%ﬁ{aﬂ%edgﬁpgﬁglf? uélhgﬁ: g?)ntch @réll?éég gérp?ﬁ[g@rrmi n

et A0 prreamdastosd eathaespattad abinusadatigrapl 486 spe pidt H80 nacibgthedhtensityexfflier ence
fringes at a rticylar vel th. [7] .The_cal cul ating of the. etch depth
dl thrd t%&%&?‘?ﬁ@éﬁ o Bliaamd Bl ‘(Sng‘é R R FlE e 1D %"b‘%’“ﬁ?n‘ﬁ%‘? 8¥%od wi th
r espectenfRdfncht BU®OIpRAEN IhRRARo 08s SHow, Eﬂeégtra otifagaeg thdehanfdsanshe y of
the reflected interference beans Bl-a an 1-b vs. etch tine of Figure 4C,
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maxi mum fringes 406b and 406c, and the di stance D3 between the

adjacent maximum fringes 406c and 406d each equivalent to x. In this manner, if desired, the

main etch operation can be seized when any of the maximum fringes 406b, 406c, 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



adj acent maxi num fringes 406c and 406d each equivalent to x. In this
manner, if desired, the min etch operation can be seized when any of the
maxi num fwiorngesss4deob, 406c, or 406d is 20 detected as eachrcaarsomsqemds to
the renoval of a distance x, 2x, or 3x of the spacer l|layer 108. Thus,
beneficially, the I EP detection nethod can be used to halt the etching
operation before an opportunity to b‘unch t hrough the polysilicon gate

ari ses,, thus reduci ng.t.he nu r . of efectiv evi,ces. . .
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the greater is the distance between the adjacent maximum fringes. In this manner, the number
of sinusoidal cycles required to successfully achieve the main etch operation varies depending
20  onthe 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]1 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



15 approxi mately about 112 nm (n=2.04 for nitride, N=1) thickness of
nitride, while the distance between the two adjacent nmaxi mum fringes 410a
and 410b w0 osasssBengt h 250 is approxi nately about 62 nm PThUESP2/a840
illustrated, the greater the wavel ength of a photon beam the greater is

t he di stance between the adjacent maxinumfringes. In this manner, the
nunber of sinusoidal cycles requireto successfully achieve the main etch
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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



During this etching operation, the thin |ayer of spacer |layer 108 (i.e.,
over etch layer) 108 is renoved inplenenting an etch chem stry having a
subst ant ivablog/osasgth sel ectivity As used herein, high sel eeciruisoys34iso defi ned
as the high rate of renoval of the spacer |ayer 108 versus the 15 renobva
rate of the underlying material (e.g oxide). In one exenplary
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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  plasmaregion 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



gate oxide material. 10 [14] Figure 6 is a schematic and sinplified
illustration of an exenplary in situ two-step etch processing system 600
conf i gur estotos/ozasgd enent | EP et ch endpoi nt detection net ho#Can$ol/s4med node
overetch method nonitored by OES, in accordance with one enbodi nent of the
present invention. The in situ two-step etch processing system 600

i ncl udes an etch chanber 604 i ncl udil‘hg an electrostatic chuck (ESC) 606, a

grounded radj o frequency (RF r .15 cpnponent ,.a. grounded ESC power
conponéfiivagsly thus F‘?‘Sﬁ’tg é‘ﬁu?lﬁ%"%%gf ‘%‘ﬁ“ﬁ‘ é& @ﬁi’fﬁg rn&%rpé’ﬁﬁntg%r%n gneéaérlz‘f:eui try

622, andeaRaOS ifNRLEE bR thefBiPet Vel Jot 61 the BEET606524.a bl elebrattiorfoleace with
one enbodi nent of the present invention, the etch chanber 604 includes a

pl ur al iatey goferathbetivaeme fite pasitiys a8d regsive retas afothe &i%G A% and BleateAmrEcE wi t hi n
20 plasma reglon 614, it I t J; a '
cent er olvﬁrj?aé’érfgcﬁ %‘ﬁ’BOfﬁaav\v/?fﬁfS&%' ;ﬁl E{r}g*nf%{vr’ép gwgfeggo%%gﬁﬂéﬁgﬂlv?lgﬁiek%gzrt ure
608b. It tiRESE06 @impgdheraiih ctchiventartdy [ERjasd theroveresh tivee modef ingnitceedl t 0 be a
shower head. As desi gned, process gases (i.e., etch chem stries) are
i ntrod®é¥I nto the etch chanber 604 through the plurality of the holes
608a. In the enbodinent of Figure 6, the bias RF power conponent 620
coupled to the ESC 606 is 25 configured to excite the plasma 612 from bel ow
whi | e (W8 RRAspdwen, ¢ fhpopenbungledsGTERpnfignred uditestilighs feonp theslight stiefoer t op
wi ndow and js, confi d to exci,te t 16] In
one ex Ioﬁ?oﬁh%%%ﬂlgﬁ%ﬁf?ugﬁ e Hbeapey ?ei @quﬁle%éffb aeggpglpgg?%ocso? QEIIYrng uck
haydng re?®Yeaighbiefletibd GOMAHE Wakse 60DT Ab stivsvnd @ri fibermptit bufidien618 Breoasleditposi ti ve
and negative el ectrodes. However, in a djfferent enagidLmant, a bi-pol ar
el ect r ¢k HBP cadpoipiaROmHeying OMPRIERHAZA SR ds o dpfrst W &iflecAdght he ESC power
conponent 620 and the RF power conponent 619 are WD 03/038889
PCT/ US02/ 34140 14 activated, thus striking the plasma 612 within the
chanmbe1§j04, Aqpdeséritied én anodk deegbdatiove in pu¢ embaedaingntadiéferentiproeess gases pan be

respect.iv ol f.the ESC 606. As a resu ctrostatic for . are
gener at‘E‘BﬁB@f‘ﬁﬁge uri"ﬁeﬁﬁogﬁc i QRETAINH %Oélérﬁﬁ?c{/éypﬁfgs?ngftﬁ% hoeveégé 8%%3%(% t he
r eggeCthfiorddWsr OBY. AAdRiBhAlyD theGhaid pYeing letcBQperatibn bhile presemeinyentior isvaf er

606 is securely held with respect 5 to the ESC 606 during the main etch
cont r olcoafizussd teroligry & preciicefanbinationnel BIGeSSRAFRIRRFE o ctch through the

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, CHyF,, and O, is implemented during the main etch

process, IEP etch process.

25

30



by OES. [17] As shown, a fiberoptic bundle 616" is configured to direct
light fromthe |ight source 616 onto the wafer 602 through the |ight
aperture WO3B/osdsBd e a fiberoptic 618 is configured to 10PCEFASOVR41UG ght
reflected fromthe wafer 602. As shown, the fiberoptic bundle 618 is
coupled to the |IEP endpoint nonitoring conmponent 622 so as to detect the
reflected light. [18] As described i B nore detail above, in one enbodi nment,
di fferent process s can be 1 npl enmen uri n he et ch operation
controlled by |EP gﬁfﬁt'h%xe'(‘)‘glérlyel?féﬁz&o%gcreias%?%ﬁ& - "%B:Fﬁ? "BPed by CES

Addi tifonal |y, the|main plasma etch operation of the present invention |s
confi gurlg(gml;lgyf ol lfjow a specific conbi ngist QikrRtiveiemSsy Paraneters to ch
throudh the predd¢ternm ned thickness of t %Jyﬂtl; de spacer |ayer (e.qg.}
etch rleact™ft charfber pressure, gas mi xt S, ’g)é)ﬁ flow rates, tenperajure,
RF povier CHetndppy and |bott om), wafer position with respect to the plasns,
etc.) .| Aehbidistrgted in Tables 1-4 bel ow, the enbodi nents of the present
20 inyention additli onally have been configured to function well within a
broad |r aff&¥'8¥ eadh parameters and etch chemistries. For instance, as
shown |i nEdapbibke 1, |[in one preferred enbodi ment, the conbination of C2H6,
CH2F2,| aggdefg, i S ijnpl enented during the main etch process, |EP etch
proceds. 25 30 03/ 038889 PCT/ US02/ 34140 15 Table 1 - Exenplary |IHP
Etch Rrocess Firstf Alternative Chemstry Exenplary First Alternative

Cheni T Rynges=t Ch G4p6/ CH2Badn? Qheni Slow Rafessde@srent i Ng| PresskteEt ¢h Temndpoj nt
Det ectlion Rangeg Top Botfom Fl gw Rates (seems) Presspp@rI§mP| (¢
(watts) (watts)
C.F, CH,F 0,
2
Preferred 300t0 700 | 50 to 200 | 40t0125 | 40t 125 201050 5 to 50 40 to 60
Range
More 400 to 600 80to 180 60to 100 | 60to 100| 25t050 20 10 40 4510 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.



Power Power (niforr) (C) (watts) (watts) C2F6 CH2F 02 =z Preferred 300 to
700 50 to 200 40 to 125 40 to 125 20 to 50 5 to 50 40 to 60 Range Mre 400
to 600 80WD®3083860 to 100 60 to 100 25 to 50 20 to 40 45prce/ss2/3ueferred
Range Mst 480 100 75 75 30 30 50 Preferred In a different enbodi nent, as
shown below in Tables 2-4, alternati ve etch chem stries can be inpl errent ed
during the etch operation controlled f)y | EP. 5 WO 03/038889 PCT/ US02/ 34140
16 Table 2 - Exenplary IEP Etch Process Second Alternative Chem stry

Exenpl ary Second Alternative Chem stry Etch Chem stry CF4/ CH2F2/ Q2

| mpl enent i ng | EP Eamén - ERGlpiryTEP Elde Paedss Satond RAdrgaise TiepistPlower Bot t om Fl ow

Rat es ( H2 F2
02 Prefferred 300 to|500 50 to 120 30 to 75 10 to 30 20 to 45 10 to 3(Q 30 to
60 Ranke Exemplary Second Alternative Chemistry
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 50to 120 30to75 | 10t0 30 20 to 45 10 to 30 30to 60
Range
More 350 to 450 60 to 100 40t060 | 15t025 25t0 35 15t0 25 40t0 55
Preferred
Range
Most 400 80 50 20 30 20 50
Preferred




More 350 to 450 60 to 100 40 to 60 15 to 25 25 to 35 15 to 25 40 to 55
Preferred Range Mbst 400 80 50 20 30 20 50 Preferred WO 03/038889

PCT/ US02/\801403888% Table 3 - Exenplary |IEP Etch Process Tircmdisét/sanmnati ve
Chem stry Exenplary Etch Chemistry Third Alternative Chem stry

| mpl enenting I1Br/SF6/ Q2 | EP Etch Endpoint Detection Ranges Top Bottom
Fl ow Rates (sccns) Pressure Tenp Powdf Power (C) (watts) (watts) HBr SF6
02 Preferred 150 to 450 10 to 90 40 to 100 45 to 125 5 to 15 8 to 30 40 to
65 Range More 200 to 350 30 to 75 50 to 80 60 to 100 8 to 12 9 to 20 50 to
65 Preferred Ran@l@bleb/bsixeri’ﬁé}yﬁﬁ*lﬁéiPB&eswm&ﬂAlﬁEnaml?mérﬁmyed 5 WO 03/038889
PCT/ US02 /841+40—18—gble—4 Eeerpta-y—P—teh—Process—Fourth—Arter nat i ve
Chem stry

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

Detection

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

(watts) (watts)

HBr SF, 0,

Preferred 150 to 450 10 to90| 40to100| 45t0 125 5to015 8t0 30 40to 65
Range

More 200 to 350 30to0 75 50to 80 60 to 100 8to 12 9 t0 20 50 to 65
Preferred

Range

Most 250 60 65 80 10 10 65

Preferred




Exemplary Etch Chem stry Fourth Alternative Chem stry |nplenenting
CF4/HBr/ 02 |1EP Etch Endpoint Detection Ranges Top Power Bottom Fl ow

Rat es (scwonp/oBsessure Tenp (watts) Power (mforr) (C (waCra)SotZs44HBr 02
Preferred 600 to 1000 40 to 80 60 to 200 30 to 90 3 to 10 10 to 30 20 to 50
Range More 700 to 900 50 to 70 80 to 150 40 to 70 5 to 10 15 to 25 20 to 35
Preferred Range Mdst 800 60 100 50 3320 20 Preferred [19] It nust be
noted that the |ight source 616 can be any appropriate |ight source (e.g.,
5 tungsten hal ogen | anp, nercury |anp, a xenon |anp, etc.). For instance,

t he wavel engt hs |Tmp¢fem¥3mr@u1r¥ IEP:!“«tctltﬁmgssi@mrthalt@g%ne @lamptrv s bet ween

appr oxi e 3

wavel engths inplenented in a rrercury Argon Iarrp is betvveen approxilmat el y
about 234 FseAd appf oxi mately about 850 nm Similarly, the wavel ¢ngths

i npl enerjteedl Ghémistryxenjon | anp i s bet weerFoappAkenatied Geptisedpout 250 nm and 10
appr oxif gﬁe&eﬁp@ut 850 nm and nore prefergh é}ﬂy; et ween appr oxi mat ¢l y about
250 nm gn a prOXI tely about 650 nm WD 03/ 38889 PCT/ US02/ 34140 ~ 19

[ 20] The fpoi nonitoring conponent 622 can be any appropri ate
appar ath Imad@omg a |detector capable of identifying a broad spectr{ym of
wavel engdt hg Leflected fromthe wafer

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

Preferred 600 to 1000 40t080 | 60t0200] 30t090| 3to10 10 to 30 20 to 50
Range

More 700 to 900 50t070 | 80to 150} 40to70| Sto 10 15t0 25 20 to 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.



602. Additionally, the suitable | EP endpoint nonitoring conponent 622 may
include a suitably programred conputer having peripheral devices (e.g.,
i nput devwoas/038s8® put devices, 5 etc.) capable of receivi mgrarsd2/asiad yzi ng
data received by its detector conponent. Furthernore, although in this
enbodi nent the detector is configured to be a conponent of the |IEP
endpoi nt nmonitoring conmponent 622, ik a different embodi ment, detector
conponent s and rogramred. conputer s ns can be inpl enmented separately.
AQG 11 GHAT 1 50 25F RSP OTL S COBPIBEI R EArr oy GBPIBHEE GOPALTHLE BB Ehave
been i mewtcaﬁhb?@oﬂfdgﬁﬁyin I Oktbad EREUAREIABEnRs RAREEE fRR Metiemal er

|

and to direct reflected light to the detector conponent of |EP endpoint
noni t ol6DAg Addipordt the2suitable siEEcendpeiny monHomnglchpenent 624l mehide aany

appr opr.i. mechani.sm capapl e of rformng the function n.

ol oLl pRBgme R Bt Fut B IR G TR A S B0,
Upop | BR.ergpeiatofmutiviigi agd canpengndat2cdetddiy g dbectoenmwglonaft. t he
required thickness of the | ayer being etched %e.g the silicon nitride
spacer Fivtbemioss, plihqugh insthesfmRodinesné therdeishtor & compiTrh oy, 2 FmranRy of tieni n

| ayer Gfp E@oﬁﬁ%ﬁwmﬂg@#ﬁﬂéfdt Ro, SH B9t Rt @J]pBMdiHEﬁt, 8888or ddMgokRssd hr ough

out the wafer surface. the contents of the etch chanber 604 (e.g.,
pl asma pédgzamiped yorepwer sipsterps caietimpleatente}l sepagateliie Addisionallye dltiqughnin thes et ch

chanmber 604 20| npl e in lurality of | | known .exhaust . pi.pes 613a
and 61§H‘?’°?‘T§]‘“ @b%ﬁpchg g’é@f‘%ﬁ? ﬁ‘év%g?ﬁ"e%fp en&’)‘lflr\{? Q é(;lfe\é\:ﬂ lléﬁaﬁ nérth‘gblgﬁt a
seqond spieE %S thAVafeand tBtdilREeREL 1 dight td1the Rle®biof banpaien SO EPTendp@it t he
hol es 608a of the showerhead 608. Again, by powering up the ESC 606 and

the shoUiAERE WOWORHE &¥eoisepeplivedyrain & dHiTens dembqdipenty iRy 2RPIYRFesecond
etch o | tR SRl o ERARABlenRRUL O], ALoRBMRRAEHN 624 is
i npl erre%ge'zcgéﬁlét?lgca ah%etogkéﬁ(ﬁgilg%tgg%i n? o& ‘t%ﬁle sg@gnd et c(hgépepati on directed

t owar d refeong mgrors,lke.)t hi n | ayer of nitride renmaining on the surface of the
waf er 602. In one exanple, the overetch is continued for a predeterm ned
period of time as the overetch process is nonitored by OES. By way of

exagp! g215t heyehare ndgdirdt hﬁ‘oﬂit@?iﬁ%@&ﬁlﬁon@ﬁt d220ddkecBA tHeGEmbYaltdiensegaind pl asma
30 defined within the etch chanber 604 changes as the concentration (i.e.,

t he t hithikknesspf dfe labier baiig eiched pacée sibigoar mgder waswsmalexif).nthe [fEchigamber
604. V\ngré(ic())n?’l%qgr%lir%%, %%91%{(;%%%14&@& Q)f 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.



[23] In the enbodiment of Figure 6, a fiberoptic bundle 611 defined between
the etch chanber 604 and the OES detector conponent defined within the CES
noni t or i Myomonpsseent 624 is inplenmented to conduct the |ipghtuSerns4ibed by

the plasma to the OES detector, in which the emtted light is detected. As
the etch operation proceeds and as the predetermned tine 5 approaches, the
concentration of the material being &ched (e.g., nitride) within the etch

chanber 604 decrease caus th dete to t detectin
R Y R L e N
second cghfker B9 GRS the (FEdotect¥ @bMb&Htht ddfidéd wittinshaDed m&mmagc@lﬁ@cﬂkht above,
the plasna etch process of th? gresent invention is 10 con ured to

¢

f ol | ow6a4 w@mlefmqntQMWDWF thq t gniged By tearaya terte OFS glgtecir, ét‘ Mhighhr ough
the r ?l%aérgfétng 1lllg t is dg{c)agtcg r Etcﬂ %Bgat‘lonégpeed? @&{ ?{; he??%ﬂ%%m@ﬁ Gamul € gas

m Xt ur es errper at ottom, wafe
posht i @Pprohdhds,r @s R@ﬁ&entr@udmef Heama®rialebaing etcAsd ¢kl msthdea)t edthinnthd adhe s 5 6,
t he enbodi nents of the present invention have be(fn confi redai functi on

vel | WCPHP?Ffa@OﬂrCE%a%eéﬁ@\és“lﬁ the {UFS PelpciPfet BRPONEY, elteﬁgfl%.ﬁa W8 i n

Tabl e Geatetel tecond Ricl prote QL §C biabicphem stry
(e.g., 515“@0%%?%%%@%%%% CHZIg:é)maﬂr:]Cd )C Ici}aneﬁq %rrpl erré&r?:]ed to etch

the thin layer of nitride spacer |layer. WO 03/038889 PCT/US02/ 34140 21

Tabl e - Exempl a Over et c. tchChmstr .Et ¢

Ghom stF) Fmyel i MR Gesiabheo e e plE SRy W pr Xl i

Boty h omcbhRaurdpdoersl116% Cégﬁa1ﬁPl’061‘4iSlhiﬁtﬁ)nT@ﬂmo<(e‘éﬁpir$ﬂ1etEQV®r as(toTeedhr through the( wat t s)
C2F6 CH2F2 02 Preferred 200 to 500 0 to 60 12 to 30 35 to 90 30 to 80 50 to

90 40 trem@BingthingRACKblaEETr256- £ish 2otapt ¢hgmber pressyis, 25 naiEtues: 825 fAY BfEse0 60 to
90 50 tt&n;@e‘rt‘atunp r ﬁﬁ%ﬁ@gld(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 CH,F,,

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



Range Mst 300 0 20 60 50 80 60 Preferred However, in a different

enbodi nent, as shown in Table 6, a chemistry having an alternative 5 high
| evel of welosossssety toward the underlying polysilicon | aper/tsnzi34axe de

| ayer can be inplenmented to etch the thin layer of nitride spacer |ayer.
WO 03/038889 PCT/ US02/ 34140 22 Table 6 - Exenplary Overetch Process Etch
Chem stry Exenplary Chem stry with Abdi um | evel of selectivi ty Overetch
07/ HBr/ SF6 Process Etch Chemi stry Ranges Top Bottom Fl ow Rates (sccns)
Pressure Tenp Power Power (mforr) (C) (watts) (watts) 02 HBr SF6
Preferred 300 to 900 O trab® - IHerhydardbvedéichiiRchkS@miky t 0 40 50 to 90 20 to 40

Rancg Moaro ENN t o0 . Q00 0 t A 20 160 +. o 2N OO+ o 100 4 & [oY il oY =Y PaY . VoY 30
b LA A AN J

oot OO U DY Y T JUTJOTTtToTTITOVU 1Y TtV Uy U TU 0OU U 11U

Preflerred Range Most [900 0 20 75 25 80 20 Preferred [25] Reference is

madq Exemmary Deexetchitelt di agram 700 of Figure 7 illustrating method 5

operjat i ongpeRREA0r med ifn an in situ dual sipbsREBeesEiryconfigured to

subgtantially precisel control etch endpol %tF#E[tﬁ((‘)ti on, in accordance
T °Thé "t hod begins in

wi tH one enbodi nent of] the present invention
oper|atragges 702 | imap Bdwech A Bstthst r At € haviowRa@s dke@iket ni t rjiPdesukaydr tTempe
etctled is provyided, Thel Qlppket | nitride layer overlies g @ahp Stlruciuye,
whidh in one
(watts)
C2F6 CH2F2 02
Preferred 200 to 500 0 to 60 12 to 30 351090 30to 80 50to 90 40 to 65
Range
More 250 to 400 0to 30 15 to 25 50 to 75 40 to 60 60 to 90 50 to 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.



enbodi nent

i ncludes a gate oxide |ayer and a polysilicon |ayer.
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[25]

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 CoFs CH,F, and 0,, C,Fs, CH,F,,



25 polysilicon material of the polysilicon gate (e.g., CH2F2 /C2F6/02,
etc.). As is well known, the high selectivity of the etchant gases w |
result irnwbheosssapval of the nitride |ayer while having abratsansdiad |y

m ni mal effect on the underlying material. By of exanple, the highly

sel ective etchant gases can be the conbi nati on of C2F6, CH2F2, and 02. In
a different inplenentation, the ovefdtch etch process may i nplenment the

et chant S capfi ed e ium 30 selectjvity toward t.he

cndor 1 i e Fe B Be a50r e b Bt IndhimbPeE bRy ases

i mpl emet Qhsiafitidl ﬁ’%ﬁiﬂd—s@i&é in®din @tchOcperdrBh , caiecpleby cMBDINOBEBBAL of the

PCT/ US02/ 34140 4 129] Mowving to operation 710, the overetch (i.e., second

et ch) opadamatsnalias the dgfpensrakiea ®roceets: over et ch operation has continued for a
predeterm ned period of time. In one enbodinent, the overetch operation is
noni tored by a non-1EP etch endpoint detection nethod. In one enbodinent,
t he5no2d]1EP Gahehuisd dpspenitiod §0€ahd finst eretiihg dpdratiocnESdistWginudchiey BPerostralh 5

operation is rmonitored by OES, the decrease in the iptensity of the |ight
em tt ed"6Y at“r‘fg%lﬂ"ﬁ‘?‘i la>ée_r osééﬁ_“i’i‘g FRHOVedY YA Gé%m%}e’o‘iségf‘ﬁ@ﬁé _é’ﬁ’é?BTee&e&ﬁange. I'n
one ex %me?thettmbﬁnegé &t th8 agﬁéélﬁﬁpér% b6 RaNORA (S g delcRIdbptRY cah Bel aRulafeditie

intensity of light emtted. In"a different enbodi ment, for instance, where
t he secowdingtinthrfopeedtingss at 8 pamiailaoy avtlangthhila one empedimgnte thedhickneshefpoi nt
detection nethod, the. distingui shabl hange i Vi ai ned
ana. anticPAabags 8pioky hRA O, Fo SORIATY & A METhN et APSE 41
netihod copfasuadd s fidar fpprdxdatkly aBoutis0 Asiotappduimhatey aboup BOE s sidgetesablyem

i npl enenting | EP etch endpoint detection nmethod during th in etch
oper at Ff&@IngHEPTe pRPrerimEtehgat O ing?o0 aa@ewgqfetﬂy 61?%?’8913@%’ %@Ht ]fq.?fr"iher be
understood with reference to a flow chart 15 diagram 800 of Figure 8, in
accordance with one enbodi nent of the present invention. The nethod beings
wi th opZ¥lat iPooce8dilg tmopdnatin Z)8s alsetond teechpaodeng (i ght evereichicts pegfoimed
provided., The gate structure s .discussed i. e _det g ove, .inhcl udes
B ol ySplewbninas SERu oot i R e tRhhS « TR gL bl 2 S n
| aysr idstcel@nOskthed PéLinstaiee, Sk bhepRicdled tehitbodinmt, 'thd eecondidich podgad 8 a
structure. In one enbodinent, the SiN layer is fornmed i nplenmenting the CVD
20 depdiFietnede etelt RFceise. In TRatherapample, Hecoveistsdy opPsFasion IMpleBISRINEIhE §iM an

et chi ngno(flg R is hﬂ%mto%/ﬁ}g% Bgst q{o%%r,aﬁli LA SRR extdf-n'bi%t, tHelovhaRh RRSRSIAT €

introduced into the et g chanber.
etch process can be monitored by any 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; /C,F¢/O02, 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, CH,F,, 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 SF.



As was described in nore detail above, in one exanple, the etchant gases
are introduced into the etch chanber inplenenting a showerhead (or a gas
i nj ect or)woaBiosssdo Wi t hi n the etch 25 chanber. Additional | yCTiUSe2/841n6t
etchant gases are selected so as to performa substantially aggressive
etching operation. For instance, as the first etch operation is configured
to inplement |EP etch endpoint deteétion nmethod, in one preferred

errbodl nent, the first etc ases is the c nation of C2F CH2F2, and
05 rn TEHM o Nibing, e oepioncDette SHEciehi(he LORH RAP! GIFarn b pEab i o
SF6, amgh HRretd op@Faﬁon B conBiR&bd8r £ pRRdaemiifdd SR bLedmS IBend érhtsddiBért) hant

gases. By way of exanple, where the preferred conbination of first et chant
gases thesovemgtle opevateu, ISfthrB'toredab)f p ovan1BP etchfendp@at desecsien meshadowkrgonsy

set g, Lot 151 ShSKBlca" HRER L IB07A3FRPD, BE USHRhot 4Rk

Fi nal | eve oxygen s set range, nore

pr efer fopératiéngenonidebdtby@OES RISt del@fe@§eelhl’t1&£hnfehmvy asfahessgmcemlmidjy thé nitdie gases
have been shown above in Tables 1-4. [32] Subsequentg/, hcﬁ etchgag) anber is
pover edeig a0y PB’@?%%@IS&%‘P?@PIep‘Fh&g% In ong sxamRts: (s (fingyishableat cpi ng

oper at 'cﬂeﬂl lif 2008 £XANR ﬁl thé 15@931@'&%@9@&11@9"% @Hﬁfc@en@@%@&ﬂneﬁﬂ g&t r ode

power are set respectively. discussed in more detail above, each of the
top analnstzhnoe twimare Itlmc$e|cordieetclaroeeramxpisedom®reai babias c{bmequetnéytctlmﬂi)ipqmtvver :
Then, ressur evel,. |.s enef.i Ci aI

pr esent’® eﬁ'ﬂ/‘ﬁh‘i"f@ﬂé’ﬁﬁ%8‘5{‘?%"3@3?}8& et y® ¢ 8pE %l?S asce“g%)? C rﬂlcp})el%gtsltt%n so as
t 0 1pr OGhtGEnsE BPdRreasd indlie witagd. at eral |y snmoother. In one exanple, this task
is 10 achieved by decreasing the power supplied to the bottomel ectrode. In

this manner, in one exanple, depending on the properties of the layer

bei ng gfs@heelrhenﬂlemﬁ gﬁe@mﬁ? Hhda ih NG iStGH QRar 8kh OpotQERONEEmOf the
h e

proces ver cones position conponent, thus mnim zi ng spacer build
up. 15 iBBmeing IE@ etah empmnttdemnumethbdh duﬂiriggm maifdtghoepetation end tha¢ingur f ace
of the supstr.at ni t or.ed. F”(S ne _ex S i s achi

d.b
phot odé&? tdb‘Fm ‘TVBF‘*I PRERLEOP SR futierbe ¢ St‘f?ﬂo"f‘ghreéeéﬁﬂﬁed?la eeﬁh%nt o the

sunbaciffant 860 StBEhFA, 6 abcRFdaBACRitHANE LRBEiMentefdhSprREME invBRiohE EThead] acent
maxi mum or mninumfringes is used to nmeasure a thickness of the nitride

| ayer , meshadneeingstwithiepangiioar§0g| injwhigfep sebsHaled s S A #rie RiriCtHaNBIOVIdefhe
Progress atetspﬁctmer ?%c(lalr?ctug%éd %gm%peecﬁ 1 %vé %nﬂ@cﬂ:’s ta%’oﬁgllﬁbﬁggtx f&%eg Q%@tr ving

and coun i°ng thée nu Si nusol cycl
a gate oxide. Next, in operation 804, a SiN layer is deposned over the surface 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.

[311 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 CHyF,, and O,. In alternative implementations, the
combination of CH,F,, and O,, HBr, SF¢, and O,, or CF,;, 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,Fj is set followed by setting a flow rate level of CHyF,.



Next, in operation 814, the first etch process is stopped |leaving a thin
bl anket layer of SIN. In this manner, by inplenmenting | EP etch endpoi nt
det ecti orwomBloass39 a substantially aggressive first etch eopensvr/sndcan be
i npl enented to substantially precisely control the etch process wthout
having to concerned with the problem of gate oxide punch through,
associated with 25 the prior art. Théteafter, in operation 816, the first

plasma i s rel eased fromthe plasm er. [34] In the subsequent

oper at iFotllg18e oWer aedevsh Qf B’E)Egﬁ'éllﬁ sehy aigcigrzgf“i ”I"%"f’r%?fﬁ é’é‘“cfgW‘fo‘%e’ gﬂ‘g rtlleet ch
chanbenyosfsrefefe® ABWSHROR: BRMALS tHebAseS BERIWke R bIFdW ORI TbldsTRI. ement s CES
etch 30 endpoint detection nethod to nonitor the etch endpoint,

preferably, highly selective etchant gases are inplenented to renove the

remai ni thip layer of SN .Ho er, nd| n 2 Pro aneters,
a nedi &%sel Egieﬁk}‘%/"t%% glﬂec ﬁ%ﬁt Chgaén\s?’lgg lscgﬁg'g%ﬁi § I%grréésnttgeg&]\?\lp)a 0@? %%EB@B >
PCT5 USQ3MmafkadAs theirktFadhitdederation. dpeteaixampled2€op dlérerodt pbwehmtadiottbom power ed

up, striking the second etchant gases. As discussed in nnrg detail, the
power i ipctipdeatowen areeeh respraitBler Asriitsresed i Bors dripibabave.faph phthe depsandy

el ect 1 odg, ANl frbfes ARt éo?@eﬁltflgycﬁ)@ﬁe@x%né’ﬂﬁﬂ ?§w§r‘?t”f‘ﬂe'ﬂ a pRSsuR! BFGUE &l evel .

In 5 this manner, beneficia , the shape of the Si N spacers can be

cont r olHeaefigallys tharetriballimengsrof theseesgnt ibyentihmhaperibe tdpebilisyielpedbrm He ebabt t om

el ectrode, .for instance. [36] Myving to.operation 824, an ophiC i gnal

pr oduc &84T FYy2% Weprgél&sr?hacg%scwaﬁ)?r‘égaet%rg”)( ng(?r%?\ri PI Or e .ex%gl pf\%/atshlse%%ﬁ g.gl ned in
none debigkledaOdRreating tepns istippliell b i wplohcabctsidgnah tdenenhadin dik i s
substantially directly proportional to the concentration of the terial
(e.qg., esunplehdapandieg ehdhe properdes efsthe fayer Reing eiched ans therrédlsf*m“}l%fyggreng
renoved, ,t o ' t ' b h nber,
< gnal 13 PResERCEOREAEhOs the et M IEER RS debielicn, b
Next , infinpengspaoer BAG,upt he second etch process is discontinued once the
second etch operation has continued for a predeterm ned period of tine. In
one exanple, before the 15 second etch operation is discontinued, a

di 95i nggis habendIes opérdiié sMBYmbaietarted. frdm tBOSurf%adPihe, subdtrudORS
di stinguishable change is a fall in the intensity vs. tine traces whereas

in a didriteredntln enaeqsimple. e iscishisyed bysa phatodgtecios manioring e poriea 9f then
8?2;:}, L!)gg&ogrzo%glgg?l%cgeﬁg(fsn&% ?lgag%d-srgag% ro? %V&%S&thmﬁop%a&t %v&é}%@q didAflcd S
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.



20 [37] Although in this enbodi mrent the second etch operation inplenents
time node to stop the overetch process, in a different enbodi nent any

sui t abl e wetohoskssan be i npl emented to detect the overetclirCenspos4ito (e. g. ,
capaci tance change, etc.) Additionally, although in this enbodi ment, CES
met hod has been inplenented to nonitor the overetch process, in a

di fferent enbodi nent any suitable et th endpoi nt nonitoring system may be

i npl enented (e.g., 25 bias voltage change, etc.). Furthernore, in different
etch endpoint nonitoring systens, the etch endpoint change nay be

evi dengsd] bwWean¥n Sp&hiidiosios Arbdten shaaitr} is fdtrdd @ atdkimg ihe s8tsHH etdh@nt
appreciated that irrespective of the shape of the signal, the end of each
of t he getesh Asrdissusseddn mpreedessi], dbhpeeringtup of the stchvampeTdAy@vesFelting Sshape of
t he i ntensj VS. i t , form I i ations
on a8 e Pl ACR: poliiF clechBac &G, SRR G BT BlRoL o

Si nfIsoitldemaniyet) eacficddllyt the shdpe of thel$ild npheetsthn betetibllahsubrsthhtidly pseciselyl as t he
period of time to perfaormthe overetch operation and the characteristics
and sh&pshyemeripe lepa of ghe tt@ﬁ(ﬂ%ﬁfrﬂ‘%ﬁ%h‘? ¥ff'ng signal. In this manner, the
| EP endpoint nonitoring systens can be WO 03/ 038889 PCT/ US02/ 34140 27
instructed to search for the predeterm ned nunber of sinusoidal cycles, the
pr edet €361 nédovidgtogiphragén 824yen ppticabsignad prdduersl dusing thersgcensoaieh progrse is

characteristi,c ,and shape in the race so S def.ine.th

endpoi ﬁ‘fonftB?Ed'eﬁ‘éﬁvagteé@ l.ne%"'[@%r]e d%? ﬁé%eh eﬁléte?séa)t é)tgf%}enog)tllcér}vséé?? lle%egécﬁ%s been
desgri Redubstansgedigeiifi frofodtionall tP e esontdntratidiabf the obtetlald@rst SidNJitetng it wil |
be apparent that certain changes and nodifications nay be practigced within
the scépBedi Thae aghe A dpver af e SiNds bé%&rfﬁ‘F‘%YedeFFﬁo‘iTinﬁ%‘ﬁrtaQO’g@gg‘Fi% d

herein dgé’r@?sggvr%gi[ligﬁﬁé & El?a‘?ﬂ)lreﬂ s gﬂglﬁd-egctgxé Hggap%%ﬁicﬁiﬁg gh’(ﬁfo‘i'—l{t of teletdtaeschhavi ng

any type o Ization l'ines (e.g., copper, alumnum tungsten and
ot her wptralien. oNest] IogEyatiodd@o1 thesedong etchOpradesh sudjsrontimuefl ginco Wiersgceralr anet er s

are associated with an e lary "8-.inch wafer.." the paraneters be
modi 1 1 SEBrOBETAER PisceaPBIFE & Bisteterating! beriod o sy 1000 EUMRE KEFR IR L Ch as
these grRha¥Rd dpbratibieismvh@fldr £digingaRAAKIO DESGIGIal tey be @scasd fl ate panel
di spl ays. Accordingly, the present enbodinments are to be consi dered as

i |1 ust eaample thp@ESohistingaishablerahgege is arfell e iniensity Vo AMesTargs “MhgTeEed i t ed
to the d%etrg{tlegarghl\é,etrﬂe it gs a DML i TBY hee Maflid, iR dpdhdd 828, Hr dbGrRCRPE and
equi val'ents o e appended cl al ns.

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  Dbias 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



What is clainmed is: WO 03/038889 PCT/ US02/34140 28 Clains 1. A nethod for
fabricating a spacer of a gate structure, the nmethod conpri sing:

per f or m ngoa3fBssse etch process inplenmenting a first etchaar/pag3z4ishe first
etch process 5 configured to inplenent an interferonmetry endpoint (IEP)
detection nethod to detect a renoval _of a portion of a spacer |ayer having
a specific thickness; discontinuing the first etch process upon renovi ng

the portion of the spacer |ayer,. leavin .t hin acer |ayer: performng a
second BYEHeR o eeEeh fonihe perEieRginad SRRBHACCTRMARET BELSS MRoPEmine ch 10
Pr 0CeS Serfpfi it t%FiO\te?etE}ﬁ‘H%!\éﬁd tha@sdeRthine® feRerisGY &d shaptindhsOBS tiabidong t he
second etch process when the second etch process has continued for a

pr edet @B i dedide phereiahendpoint fapeachii@g®i n t he second etch process is configured
to renove the thin spacer |ayer, leaving the spacer for the gate
structure. 15 2. The nmethod of claim 1, wherein the second etch operation

i s sonf38jur edihbegtbtie foRBOINGIBENTON Rasrteen dERriBEE I smepddtait forgniioses ofy

nmet hod. 3. The nethod of claim1, wherein the | EP etch endpoint m)glitoring
met hod clagity ohurdsryiandinged Vil brofpmatsht thahRgtah chinnges sk W@&‘%&%“’B? MY e s pacer

| ayer %g’acﬁgedt Qithat tiﬁé &R MG abpén‘ag@@ﬁtﬁngf Fen eRintdle, d8RBAIHAHd Bchibe first
e

etch operation inplenenting the distance between consecutive maxi num
i nt ensiheiegs can be THieectedt trodrdffatgicaling semigprduetion strietured rhavimR anyc bypénélfpoi nt

nmoni toring,.nethod i.s 25 optical 1. SSi S) 11:5 e net hod
0ol it e ., SuRRalif b ThARleR Ind BARE HERRIPUNGSE AqaiftonafiJS T
f ahoi calthéighaths fal@vingfpadangddre asd nssodineé, witthan rexempldryc O8rchswafer,” B@

performng a first etch process inplenenting first, etchant gas, the first
etch poaw@aEErs Banps GIeadiediler IRHFRIRR AP SUDSUEY %fra Y@lw‘?ﬁ/&'@ﬁ&&fg sech #sep)

det ect itl?(ﬁe r@?ﬁﬂ'f&%dt f %t GRhuBchRMBY &bmiconductor devices and flat panel displays.

Accordingly, the present embodiments 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:



WO 03/ 038889 PCT/ US02/ 34140 29 of a portion of a spacer |ayer having a
specific thickness fromover the surface of the substrate, leaving a thin
spacer | ayero3/ozsssy perform ng a second etch process for a pcedsozs4rined
period of time inplenenting a second etchant gas; 5 wherein the second
etch process is configured to renove the thin spacer |ayer, leaving the
spacer for the gate structure. 7. A #Bt hod for forni ng a silicon nitride
spacer, the nethod conprising: depoz;‘i ti ng a silicon nitride spacer |ayer
over a substrate having a gate stru 1 formed 10 thereon; performng a
first etch operation on the silicon nitride spacer layer in a plasm
chanber; nonitoring a light reflected by the silicon nitride spacer |ayer;
st oppi ng thet.fir sA netia fopabadatifga sacaofh@alesauau®, thbinfetitjdaompriiayer over
the surface of the substrate and the gate structure forned thereon; 15
purging a fiREEOPNGSnirsceirR erceHdMPREYIHRE Aifiistietdhap) gasnthe dHligh process

per {01 MioRfeded gﬁ&%@q’en%n@ bn BREFRSHAR dndpdiREaRb ARNR iGN ARG 1o HOEt2GeABHI et ch
operation ~“configured to renove tHhe tﬂln spacer layer; nonitoring an

opt i calofsipgriain qf aepaceekydnhazing espasificghigkmeas;duri ng t he second etch
operation; apd 20 discontinuing the second etch operatio nce th econd
etch operati ??Oﬁté@l%ﬁﬁ h{fg(ﬁlcso?mcegs SPLY SRV L PEHPY ?otﬁe P, ?%Erérei n
performgmgwmirfgpa&xrlg&gh operation and the second etch operation are
performed 1n situ so as to control a shape of nitride spacers and a
renoval of tHFEOEPIAE drserendetich process implemspiingod sesend pighant Bas i pesppd etch

m)riiot o_rdr&g:sst&ﬁlﬁ%&rgg ofeﬁfokf@ﬁate‘?ﬂﬁfsﬁa%?lta .gyrface of the substrate includes,
i'ng a photon

di rect eamonto the nitride spacer |ayer; observi ng a photon
beam r ef | ectdistobynuifethais¢aond etch pawess Wiapeahe seaomt etcheprcess hiangontinuat fohadept h
as the first et ﬁh ogcfrtat i on proceeds.
predetermined period ol time;
wherein the second etch process is configured to remove the thin spacer layer, leaving
the spacer for the gate structure.
15
2, The method of claim 1, wherein the second etch operation is configured to be

monitored by a non-IEP etch endpoint monitoring method.

3. The method of claim 1, wherein the IEP etch endpoint monitoring method is
20  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.

4. The method of claim 2, wherein the non-IEP etch endpoint monitoring method is

25  optical emission spectroscopy (OES).

5. The method of claim 1, wherein the spacer layer is a nitride layer.
6. A method for fabricating a spacer of a gate structure, the method comprising:
30 performing a first etch process implementing a first etchant gas, the first etch process

configured to implement an interferometry endpoint (IEP) detection method to detect a removal



30 9. The nethod of claim8, wherein determ ning the etch depth includes:
nmonitoring an intensity of the reflected light; WO 03/038889 PCT/ US02/ 34140
30 det er woion@3ssdi st ance between a pair of consecutive nERKITMISNR/34140
intensities; and determ ning the thickness of the etch depth inplenenting
t he di stance between consecutive maxinmumintensities. 5 10. The met hod of
claim7, wherein perforning the first? etch operation in the plasma chanber
i ncludes: introducin first etchapt s into the plas chanmber: and
bower | b FBRERS! BB AR e % woats HRaeRdrm U (B SEfRe PbRESTREARD  he
first elhhg dRhiAGHERSr1a3&; s The nethod of claim 7, wherein performng the
second etch operation in the plasma chanber includes: introducing a second
et chant gas PeHemninghe sptaad reichcprapase for & pwdpremenrecthperind efhiemp implsmetHi®nber to
strike | asma t o conmence the second 15 etch operation. 12. The
met hod s%%&ﬁ%?%ﬁ%ﬂgéé?mﬂ ein a thickness of the thin spacer layer is

confi gur ed vihereirthg sedaidwedhnpra@sas oxdonfig@kd taleooive i thiraspghcU8yeh, le2dnd 3. The
met hod of claim7, wherein a thickness of the thin spacer layer is

conf i gifieetracer &rithegpte HRCEn approxi matel y about 100 A and 200 A. 14. The
met hod of claim 7, wherein a thickness of the thin spacer |ayer is
configured to be about 100 A 25 15. The nethod of claim 10, wherein the
first etchafdt gad insthothfordérmangosibi¢avatiiridn spscer, temetha@paprisgad 02, a

conbi nat i on d%];om 1n§’a st 1c%|r:12n’itriag gpa%gf la%}dov% & Qm{rﬁ@th'aﬁﬂg gfgagz FructdR fonﬁ@&i 02
10  thereon;
performing a first etch operation on the silicon nitride spacer layer in a plasma chamber;
monitoring a light reflected by the silicon nitride spacer layer;
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;
15 purging a first plasma content defined within the plasma chamber;
performing a second etch operation in the plasma chamber, the second etch operation
configured to remove the thin spacer layer;
monitoring an optical signal produced by a second plasma during the second etch
operation; and
20 discontinuing the second etch operation once the second etch operation has continued for
a predetermined period of time,
wherein performing the first etch operation and the second etch operation are performed

in situ so as to control a shape of nitride spacers and a removal of the spacer layer .

25 8. The method of claim 7, wherein monitoring the light reflected from the surface
of the substrate includes,
directing a photon beam onto the nitride spacer layer;
observing a photon beam reflected by the nitride spacer layer; and
determining an etch depth as the first etch operation proceeds.
30
9. The method of claim 8, wherein determining the etch depth includes:

monitoring an intensity of the reflected light;



30 16. The nmethod of claim 11, wherein the second etchant gas is one of a
conbi nati on of C2F6, CH2F2, and 02 and a conbi nation of 02, HBr, and SF6.
WO 03/ 0388893P88B89JS02/ 34140 31 17. An in situ dual - st agePeraisorsdpoi nt
detection system the systemconprising: an etch chanber configured to

i nclude an el ectrostatic chuck (ESC), a top electrode, and a bottom

el ectrode, the ESC bei ng confi gured ?‘b support a wafer having a spacer

| ayer for d over ate ructure € an mterferoma'hﬁg endgdnt (1 EP)
noni t ori ng 1$REE 8”?8“ ABAT P OBt B T EEHC B tt%ed by the
spacer | ayerdeféﬂﬁlhn@ thefl iiisitne &t oh (RO kA deth ﬁrﬁﬂerﬂeﬂﬂlﬂﬁ hEPdisafRo bedveen

moni toring systemconfigured to nonitor a second etch operation by

moni t oicprrgewIye maximeh mgensiiféer ein a first etch operation inplementing the

| EP monitoring systemis configured to 10 be discontinued so as to | eave a
thin spacer layer to be etched during the second etch operation. 18. The
syssem of cligi m The nwiieydeifolaith @, whereih pErfeindhg e dipgaierh aperatiboini thgplsyst em i s
configured to inplenment optical em ssion spectroscopy (CES) to nonitor the
second CBYBper 1 &t ion. 15 19. The systemof claim 17, wherein the |EP
moni toring $¥%&d8sfnk 8 f?Q@fdh%rgﬁéjlnE&he ?Faﬂh:l SanbeRRAdOn beamreflected by the
spacer |layer so as to determne the thickness of an etch depth during the
first etch opeedng op thenphwresiambgr tohwrildi de fngtel atatecenuammse &gt finsleetiaxi num
intensities. 20 20. The method of claim 17, wherein the first etch

operati i frrpl enents a etchant gas configured to be one of a conbination
of 162F6, CH2F2, and 02, a conbination of CF4, CH2F2, and 02, and a

conbi nation of CE4, HBr, apd 02 ang the second etch o era}él on jnmple nts a
second et chdht gddedBsthod gt eldin J- pEersHePSFormMEha;i S Ficth PPeEsies

and 02 ,@RfhaRhardter GRMRIGAL i on of 02, HBr, and SF6.

introducing a second etchant gas into the plasma chamber; and
powering up the plasma chamber to strike the second plasma to commence the second

15  etch operation.

12. The method of claim 7, wherein a thickness of the thin spacer layer is configured

to range between approximately about 50 A and 300 A.

20 13. The method of claim 7, wherein a thickness of the thin spacer layer is configured

to range between approximately about 100 A and 200 A.

14. The method of claim 7, wherein a thickness of the thin spacer layer is configured

to be about 100 A.

25
15. The method of claim 10, wherein the first etchant gas is one of a combination of
C,Fs, CH,F,, and O,, a combination of CF,, CH,F,, and O,, and a combination of CF,, HBr, and
0O,.
30 16. The method of claim 11, wherein the second etchant gas is one of a combination

of C,Fg, CH,F, and O, and a combination of O,, HBr, and SF;.
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17. 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.

18. The system of claim 17, wherein the non-IEP etch endpoint monitoring system is
configured to implement optical emission spectroscopy (OES) to monitor the second etch

operation.

19. The system of claim 17, 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.

20. The method of claim 17, wherein the first etch operation implements a etchant
gas configured to be one of a combination of C;F¢, CH,F,, and O,, a combination of CF4, CH;F,
and O, and a combination of CF,, HBr, and O, and the second etch operation implements a
second etchant gas configured to be one of a combination of C;Fs, CH,F,, and O; and a

combination of O,, HBr, and SF;.



