23 June 2004 Method O Reducing Gate Oxi de Damage By Using A Multi-Step
Etch Process Wth A Predictable Premature Endpoi nt System Background of
Invention 5 1) Field of the Invention This invention relates generally to
fabrication of sem conductor devices and nore particularly to a nethod for
etching a polysilicon gate and gate oxide stack that reduce§3d'§’t‘3@08’§<i de
damage by using a nulti-step etch process using a special end point
detection (e.g., nitrified) silicon |ayer to create an early endpoi nt

trace. 10iédhodOf RedptingGadé Okide Dmayge By Usinp ashimlteSedp Dich Pesces WitHOA
apparatus are generally well known for etching nmaterials for sem conductor

devi ce fabrication. The pf@ﬁ&ﬁﬁleuﬁﬁhaﬁlr‘éﬁﬂﬂapaﬂtgpﬁhﬂncati on of a 15 masking
mat erial, such as photoresist, to a silicon wafer. The nasking pattern
protects an area of the wafer fromthe etch process. The wafer is then
placed in a plasma reactor (i.e., etcher) and etched. Subsequent steps are

determ ned by the type of devigg,heiid JiNagahed- A common silicon etch
process is based on fluorine. %e&g#lﬁxtourese gﬁ%h 20 as CF4 & 02 are

di ssQci i N | rical discharge, fluorine atons are |iberated and
vol a ilialxﬂf’tﬁ!eﬁg%ﬁlggﬁﬁ%% Si F4. Neverthel ess, these processes are

isotropic, i.e., they.etch in all directiaqns. at t(ge sane_rate. Moreover,
ani sotropic or verti ?méf?rtur?é‘gg]f“i‘?s gFeF @’ Ogar%élcﬁﬁ’c“ SEBICORYCIGRHEHE uor i ne
is the sole etchant. 1 23 June 2004, . )

and more particularly to a method for etching a polysilicon gate and gate oxide stack that

reduces gate oxide damage by using a multi-step etch process using a special end point

detection (e.g., nitrided) silicon layer to create an early endpoint trace.

10

2) Description of the Prior Art

Plasma etch processes and apparatus are generally well known for etching
materials for semiconductor device fabrication. The process begins with an application of a
15  masking material, such as photoresist, to a silicon wafer. The masking pattern protects an area
of the wafer from the etch process. The wafer is then placed in a plasma reactor (i.e., etcher)

and etched. Subsequent steps are determined by the type of device being fabricated.

A common silicon etch process is based on fluorine. When mixtures such -
20 as CF4 & O are dissociated in an electrical discharge, fluorine atoms are liberated and
volatilize the silicon as SiF,. Nevertheless, these processes are isotropic, i.e., they etch in all
directions at the same rate. Moreover, anisotropic or vertical etches in silicon are not observed

when fluorine is the sole etchant.




For vertical (anisotropic) etches of silicon, the use of gas m xtures, such
as C2F6 & Cl2, is known. The C2F6 serves as a source of "reconbi nants",
such as C3. The reconbinants suppress lateral etching (in the horizontal
direction) by reconbining wwith G atons which have been adsorbed o% t he
etched polysilicon sidewalls. Etching can proceed in 5 the v eIt 004
direction (perpendicular to the wafer surface) because ion bonbardnent from
the plasma suppresses the reconbi nati on nechani sm Further, the

sel ectivity of et chahtr weicakb@nispodpis) didhesof alabnathe usdefday migugsatsecloas de
(pol y: oxi de selectivity) nust be as high as possible to m nimze oxide

| 0ss. 10C{Hngenl, Briabii, TheGiF; usgndsak 2 at@ty of 'Seoribhads” Suchaa ;. Mss
spectronmetry and spectroscopic analysis are used to detect the end point

of et chiRgokiasRS resérfa%ral%ﬂﬁﬁ{gr(ﬁﬁﬂi@Bbﬁzo%fh@ﬁﬁf&!ﬁ%n] @yfe%lﬁﬁlhiﬁﬁlvﬁﬂxsﬂllﬁp' e and
hi gh sensitive. Wt spectroscopi ¢ analysis, a specific active species is

sel ect edybhohlcAdhcAbRn aiQRGed cgﬂﬁ BRASES ANt oh SREHEE. BRI g@g%ﬁ fbfc it he

etching gas. Light strengths o e em'ssi on spectrum o hi'sFsel ect ed

acti Vje stB? 9%“ §al%qrgcnoﬁﬁ§rﬁ£r§€ qg th%%afere?ﬁﬁ%eglb%au e 1log %E)rggarggl@%rﬁ‘jom Hf%on the

ki nd “of ng gas |ng uor ocarbon series such as
CF4 is uqed to etch §§ |c%ﬂﬂ$x1de fh the spectrum (specifically

wavel endt s TP $83°8 P MK/ enitted fromthe reacted product
CO* is nmeasured. Wien the fluorocarbon series etching gas such as CF4 is.
used to etch silicon 20 nitride film the spectrum (specifically

wavel engths 674 nmor others) emtted fromthe reacted product N is
measured. The end pol#thepfthaselestizity nl eishard bstavers pelwslicmcndyan sodprhiieng

changi ng val ues, which represents the light strength of the above-nentioned
active sgucomde @M%@O?ddmlezﬁﬁﬂy) must be as high as possible to minimize oxide loss.

10
Conventionally, instrumental analysis methods such as mass spectrometry

and spectroscopic analysis are used to detect the end point of etching processes. The
spectroscopic analysis is relatively simple and high sensitive. With spectroscopic analysis, a
specific active species is selected from radicals, ions, decomposed and reacted products of

15  the etching gas. Light strengths of the emission spectrum of this selected active species are
measured. The active species selected depends upon the kind of etching gas. When etching
gas of the fluorocarbon series such as CF; is used to etch silicon oxide film, the spectrum
(specifically wavelengths 219 nm, 483.5 nm or others) emitted from the reacted product CO*
is measured. When the fluorocarbon series etching gas such as CF4 is used to etch silicon

20 nitride film, the spectrum (specifically wavelengths 674 nm or others) emitted from the
reacted product N* is measured. The end point of an etching process is decided by comparing

changing values, which represents the light strength of the above-mentioned active species




havi ng a specific wavel ength and primary and secondary differential ones of
these light strength values, with a threshold value previously set. In
addition to an etch step, nobst conventional processes include an 5 overetch
step. Overetching is necessary in order to ensure that no residues are |eft
on the wafer. If etching was stopped at the "end point", as2ddwms3¥hed by
optical emssion fromthe plasma, only parts of the wafer would be
conpletely etched while other parts would still be covered with renaining
pol ysi | ilueing aBpedfi¢ SatilengtiDariqirmetiy bed §8cbydaef dibfichtidi@ed & thésalligho! ysil i con
filmthi ckness and the etch rate. Moreover, nost of the current polysilicon

dry 10 @eRars8Iass, Wil aahreid 04168p@adusiie@ent advances have required that
the gate oxide thickness be bel ow 30A, "forcing the endpoint process to

i nprove selectivity to ensure that there is no danage to the gate oxide
and substrate surface. The inventor's current nethodol ogy to overcone this

is to 15 have a tine h for out 80% of the | ysilicon {stack)
{hi ckness. - Then chargdopison o 88Pe. 2ogd Sl bl BB e TN M ndn0i e The

di sadvant a f this are.that if there are variation in.the stack
oSV AR T DR s B eshly 1h AT & e dhat Bb r e 2o ey o
machine drift, the poly stack etch would vary thus nmaking the triggering
of endpo¥afer lirrithing wasieprad Pehe dtndioint”, 29 detranineihipy eriiselenasion BPmEIR ng t he
various deficiencies noted above is evidenced by the extensive

t echnol ddesem oelgpartbpithewatti mevlddy compldtedy s@b?cbwgi,le elberqutismentdetill bby t he

rel evant patent and technical literature. The cl osest and apparently nore
r el evantco8er28 withnmem@i@g polysilicon. This is due to non-uniformity of both the initial

polysilicon film thickness and the etch rate. Moreover, most of the current polysilicon dry

10 processes use an overetch gas.

Recent advances have required that the gate oxide thickness be below 30A,
forcing the endpoint process to improve selectivity to ensure that there is no damage to the
gate oxide and substrate surface. The inventor's current methodology to overcome this is fo

15  have a timed etch for about 80% of the polysilicon (stack) thickness. Then change to a more
selective etch chemistry to endpoint. The disadvantages of this are that if there are variations
in the stack (e.g.,. polysilicon) thickness or in the characteristics of the etch machine drift, the
% poly stack etch would vary thus making the triggering of endpoint unstable and
unrepeatable.

20

The importance of overcoming the various deficiencies noted above is
evidenced by the extensive technological development directed to the subject, as documented

by the relevant patent and technical literature. The closest and apparently more relevant



techni cal devel opnents in the patent literature can be gl eaned by
considering the follow ng patents. US 4, 447,290( Matthews), US
5,188,980(Lai), US 5,789, 294(Choi) and US 5 5,453, 156( Cher et al.) show
gate stack etch processes. US 5,747,380(Yu et al.), US 5,739, 051(Saito),
and US 5,500, 076(Jerbic) show etch processes with endpoi nt dééded§4 10
However, an inproved process / gate stack structure is needed to reduce
etch damage to the thinner gate dielectric layers. Summary of the Invention

15 1t i Seamicabiaelopients iethe peeaiTitedatite Binl K2léDePbPYdrdRlcaAns MleGhliohfod and
pol ysilicon gate stack structure that allow for an accurate stack etch and

m ni mal gamege to the gate oxide layer. It is an object of the present
invention to provide a nmulti-step etch method 20 and polysilicon gate
stack structure having a special endpoint detect |ayer that allow for an
accurate stack etch and m nimal danmage to the gate oxide layer. 4 23 June

2004 It is an object,gf t nt j . Vd | tJ - St etch
met hod and pol ysili ctolﬁ 4513? ’296;({ ac e‘gtg)r Ejgeﬁqufrgeg?d\}\gﬁqg?a@? pﬁeé’@a%ﬁ@hsm)uasngéfs;s a
dopant s r. T conplish the above objectives, the present

i nve tid%gg%t€¥§@¥eﬁﬁﬁgﬁ@¥ﬁ 8 SBFX FIEBPICESPhg a gate stack having a speci al
endpoi nt detection |ayer that emts an endpoint detection signal before the
polysilicon is etched down to the underlying gate

US 5,747,380(Yu et al.), US 5,739,051(Saito), and US 5,500,076(Jerbic)

show etch processes with endpoint detecting.

10 However, an improved process / gate stack structure is needed to reduce

etch damage to the thinner gate dielectric layers.
Summary of the Invention

15 It is an object of the present invention to provide an etch method and
polysilicon gate stack structure that allow for an accurate stack etch and minimal damage to

the gate oxide layer.

It is an object of the present invention to provide a multi-step etch method
20 and polysilicon gate stack structure having a special endpoint detect layer that allow for an

accurate stack etch and minimal damage to the gate oxide layer.




dielectric. The invention also has a nulti-step etch process which has

hi gher selectivity etch steps as the etch proceeds down to near the gate
dielectric layer to prevent damage to the gate dielectric layer. Al so, the
endpoi nt detect |ayer can be used as a dopant stop layer to 10 prevent
dopants fromdiffusing fromthe gate stack to the gate di el e@Bdies20¢he

i nvention begins by formng a gate dielectric |ayer over a substrate. W
then form an endpoi nt detect |ayer over the gate dielectric layer. A gate
stack is fornmed ovek iddmbipet b0 piesdrt Aiveh@oen provid AuliB&p étsh methoed over
the gate stack. The mask defines 15 a gate electrode. W etch the gate
stack angdtlRsHeePeitebadlediReturd FUGE MESHNY idhHcl hs 8 USRNLSEN lay&ONTPT | S| Ng.
preferably 3 steps. In a main etch step, the gate stack and t he endpoi nt
detect |ayer are etched using a first etch chem stry. Upon an endpoi nt
detection signal generated by 20 etching the gate stack, the first etch
step is stopped. In @an_endppi.nt etch ste using a second etch chem stry,
we Btch the bate stk ayBR bgheis Blfuen B Al BuINRAR SRl oppi ng i he
endpqQi nt_eic when an 5 June 2004 endpoi nt detect signal changes
on 3 ederhio T HERIRE ar 8rRek Priny Sgmeral eHEooLGTIOBIER TEHAREUETy havi ng
a higher selectivity fromthe gate dielectric layer to the gate stack |ayer
and endigdpeint driqcEien signs) deforn s pplysibipon isetebed owh onthe prderlymgigqtean over et ch
step, using a third etch chem stry, we etch the endpoi nt detect |ayer

wi t hout delatite-nghe ineenjignelsgibes @ otuti-giep sjabrproceewhisl Eﬁﬁ higher selegivity gich
endpoi nt detect layer emts an endpoint signal that allows the etch

chem st rsfepsas the etdhangeddt dovan tooesr the pate tliclketrjpolaysi tb ipoyant(damagatoetlst ack) to

gate dielectric layer. Also, the endpoint detect layer can be used as a dopant stop layer to

10 prevent dopants from diffusing from the gate stack to the gate dielectric.

The invention begins by forming a gate dielectric layer over a substrate.
We then form an endpoint detect layer over the gate dielectric layer. A gate stack is formed
over the bottom silicon layer. Then a mask is formed over the gate stack. The mask defines

15 a gate electrode.

We etch the gate stack and the endpoint detect layer using multi-step etch
comprising preferably 3 steps. In a main etch step, the gate stack and the endpoint detect
layer are etched using a first etch chemistry. Upon an endpoint detection signal generated by

20  etching the gate stack, the first etch step is stopped.

In an endpoint etch step, using a second etch chemistry, we etch the gate

stack layer and the endpoint detect layer and stopping the endpoint etch step when an



10 oxide (gate dielectric) ratio to prevent danage to the gate oxide |ayer.
Addi ti onal objects and advantages of the invention will be set forth in the
description that follows, and in part will be obvious fromthe description,
or may be learned by practice of the invention. The objects and advant ages
of the invention may be realized and 15 obtai ned by neans of 23 June 2004
instrunentalities and conbinations particularly pointed out in the

appended clains. Brief Description of the Drawi ngs The features and

advant agagpéiht @t@eﬁgﬁa@ng%@ﬁpd#ﬁu&&lﬁlfgaﬁ@gﬂghmc&@ 1hRe TiRQeddn@eRAt i nvention
and further details of a process of fabricating such a sem conductor device

in accor&l@ﬁ%w{amgfag@gmf SI&RVity ﬁxﬁmlé 94le WoldotrRGa P EFHE %@rséayk updemgt ood

fromthe foll dOw ng escription taken Tn conjunction w t he atconpanyi ng
dr awi ngs. b, {%ret | s designate simlar or
correspoerlllgﬁ%lg eﬁ?%ﬁeak s}lglr?%g?igﬁgﬁgﬁg&gﬁr?i ons and in which: 23 June 2004
Figures 1 and 2 are cross sectional views for illustrating a nethod for
etching a gate stack according to the present invention. Figure 3 is an
etch detector graph show ng trace of a gate stack etch 5 having a etch
detector silicon | ayBrngyeGHdisHy, tuémaaﬁ]i“ég@ﬂ?%t}f“é%@&ieﬁé‘ﬁtth%?n ﬂ’é‘?pr esent
invention. Figure 4 is a cross sectional view for illustrating a preferred
enbodi medetecblayer wethoptdpmazing thegatrdielgetsc e st ack according to the present
invention. 10 Detail ed Description of the Preferred Enbodi nents As a
preface to the detailed description, it should be noted that, as used in
The invention's special endpoint detect layer emits an endpoint signal that
allows the etch chemistry to be changed to a more selective polysilicon (or gate stack) to

10 oxide (gate dielectric) ratio to prevent damage to the gate oxide layer.

Additional objects and advantages of the invention will be set forth in the
description that follows, and in part will be obvious from the description, or may be learned
by practice of the invention. The objects and advantages of the invention may be realized and

15  obtained by means of instrumentalities and combinations particularly pointed out in the
appended claims.

Brief Description of the Drawings

The features and advantages of a semiconductor device according to the
20  present invention and further details of a process of fabricating such a semiconductor device
in accordance with the present invention will be more clearly understood from the following
description taken in conjunction with the accompanying drawings in which like reference

numerals designate similar or corresponding elements, regions and portions and in which:



this specification and the appended cl ains, the singular forns "a", "an",
and "the" include 15 plural referents, unless the context clearly dictates
ot herwi se. Thus, for exanple, the term"a sem conductor" includes a
variety of different materials which are known to have the behavi oral
characteristics of a semiconductor, reference to a "plasm" i2ddmedfd94a gas
or gas reactants activated by an RF gl ow discharge. 20 Silicon, as used in
this application, includes crystalline silicon, polysilicon

(polycrystalline siljigeiy 1 2RI ERNPSLS sSdthoh QHevS BRI Yt %Ialmémocﬁﬂo{l con),
nonocrystalline silicon and silicon/germanium materia Such silicon may

be n- Oret(ﬁnﬂ%?ap estQJkééB&ﬁH%QO the presedifGentigf4 CVD refers to chem cal vapor

deposi tion Drefers to low pressure chem cal vapor deposition. lon
inplantation refers to the inplantation of ions, for exanple, for doping a
sem conduct or substrate Salicidation nmeans formation of self aligned

silicide. 5 Electr ement . r s to tlve | ectronic ces and
passive conponent 6{?‘{5 ’I‘gla&?ic ‘%L?IC{ Eg'fﬂ?ﬁ %meg @%&?e‘sm{aogaée sr%c‘%ee}(i whi ch
readlly conducts electrjcit and incl udes pet type materi al

( senPcontivBgretahdetsctos il e pratconibie Qoguefewr ﬁm ImgatQd B PeRAbe i mpurity
and conducts current via hole mgration), and n-type materi al

(seni cordBYRMigR. mat eri al that has been doped with a donor-type inpurity and
conducts a 10 current via electrons). Oxide as used in the subject
invention refers to silicon oxides. Nitride as wused herein refers to
silicon nitride. The oxide may be doped or undoped, such as PSG

(phospho-si licate glRigen 4ds a BRSCsdcBonad iedofe luRDEng aAefeneditmbidimnentayer or
i nsul ator | ayer

the method for etching a gate stack according to the present invention.

10

Detailed Description of the Preferred Embodiments

As a preface to the detailed description, it should be noted that, as used in
this specification and the appended claims, the singular forms "a", "an", and "the" include
15  plural referents, unless the context clearly dictates otherwise. Thus, for example, the term "a
semiconductor” includes a variety of different materials which are known to have the
behavioral characteristics of a semiconductor, reference to a "plasma" includes a gas or gas

reactants activated by an RF glow discharge.

20 Silicon, as used in this application, includes crystalline silicon, polysilicon
(polycrystaliine silicon), amorphous silicon (non-crystalline silicon), monocrystalline silicon

and silicon/germanium materials. Such silicon may be n- or p-doped, or undoped.



15 refers to a layer having a high resistivity, which does not conduct
electricity. It may act as a sodiumbarrier. For the purposes of the
present invention, the insulation |ayer nust be capable of being
selectively etched to nitride. The invention provides a method of
fabricating a gate stack having a 20 special endpoint detect23Jugeit04nd a
multi-step etch process to prevent damage to a gate dielectric |ayer. The
endpoi nt detect |ayer 16 changes the signal to indicate when the etch has

started etching the evt Rk cﬂ@ﬁlﬁ‘;@ltva?aﬁlﬁ odifion. 2PN A @Aloh préRin® gat e
dielectric layer 14 over a substrate 10 FIG 1 shows the step of formng a

gat e di ediRmidal fapoR¥&fosilitn AR imPadtBSt fefrto HOimplAiRatRALSE icHsSlof Etdnife, | S
preferably a thermal” oxide | ayer having a thickness between 20 and 5 80 A
and nor . - . ) . 0 A The
I e T e i TP
nitride and nost preferably is an oxide layer. B. form an endpoint detect

| ayer 16 over the gate dielectric layer 10 14 Next, we form an endpoi nt
detect | ayer 16 over_{he gate die%gctric_la er 14. The Sndpoint det ect
layer 16 is conpri setSBfOPOPIGRPRTelSE taaefive Srefranic dpviesandipassigpabl e of
bei ng detected (e.g., by a photo diode, |aser interferonetry or other

spect r urfoEBOBeRtPATS. ddseiiace! carsueior §iamniv a materal srhigh isadibseonderty ¢lerrieive
subsequent etch process. Possible endpoint 15 detection systens include:

| aser i randrifdvdnymeatals, pAppé walcridfsgsiconluSpe otatepig Cibpihas reesdopspwathaps copy,

| angmui r probe, self-bias variation or pressure based endpoint detection.
The endpaigitodgpethpuriay end cadings prresheviabble migrauion)s estl ofymitatagén rich

(semiconductor material that has been doped with a donor-type impurity and conducts a

10 current via electrons).

Oxide as used in the subject invention refers to silicon oxides. Nitride as
used herein refers to silicon nitride. The oxide may be doped or undoped, such as PSG
(phospho-silicate glass) or BPSG (Boron doped PSG). An insulation layer or insulator layer

15 refers to a layer having a high resistivity, which does not conduct electricity. It may act as a
sodium barrier. For the purposes of the present invention, the insulation layer must be capable

of being selectively etched to nitride.

The invention provides a method of fabricating a gate stack having a
20  special endpoint detect layer and a multi-step etch process to prevent damage to a gate
dielectric layer. The endpoint detect layer 16 changes the signal to indicate when the etch

has started etching the end point detect layer 16.



silicon (e.g., nitrogen rich polysilicon, or nitride rich silicon) having a
nitrogen nolar 20 concentration between 2 % and 50% and (or Si XNY where x
is between 1 and 3) and y is between 1 and 3; and a thickness of between
about 20 and 200 A. 9 23 June 2004 O her Endpoint species The endpoi nt
detect layer, in addition to N containing Si |ayer or silicor?3n¢#i%e
(SiN, can conprise oxygen, Germani um or conbination containing Si |ayer

- which also can be detected by the endpoi nt detector, spectroscopy or

phot odet ect orA. 5 Endfmrimngateyieiedtiic Tageroys di7er & sobspragy €0 The endpoi nt
detecting nitrogen rich silicon |ayer can be fornmed by an LPCVD process
with a silicon source (such as SiH4, SiCl2H2 ) in a N containing
environnment (e.g., NH3, N20). 10 Endpoint detect |ayer can be forned in a

NH3, N20, NO or 02 a her e The.endpoi nt  det ect.i sjJicon layer can be
Forired by LPOD procERL T RoT: e sfp LB s SeEion e’ 4 sy 1"
N20 / NO ont ai ning.environment. 15 The nitrogen rich |ayer can have a

hi gher cg(ﬁé@ﬁﬁ?taﬁf%%%zﬂ IS RrefiTabi G t%%lab?mg%lmr&wwg pihiggss %5?6@23’@ e, the
N source (N2, N20 or NO) in a LPCVD process could be turned on in the

begi mi n¥f’ fe 2pd morq praferablphesvesniild aad 30t prd mest praferablaybelow Ihedheigdesi ti on
and turned off. This way the detect |ayer has a higher N content at the
bottom dieketyic dayer ¢dneconprisoomuéridewiiflch €a,04 1, nesiliom ritmdarad rivst prictidibdy or end

(e.g., last 10% of the dep tine) of the
is an oxide layer.

B. form an endpoint detect layer 16 over the gate dielectric layer

10 14

Next, we form an endpoint detect layer 16 over the gate dielectric layer 14,
The endpoint detect layer 16 is comprised of polysilicon and a material that is capable of
being detected (e.g., by a photo diode, laser interferometry or other spectrum detecting device
used to monitor etch progress) during the subsequent etch process. Possible endpoint
15  detection systems include: laser interferometry, Optical Emission Spectroscopy, mass

spectroscopy, langmuir probe, self-bias variation or pressure based endpoint detection.

The endpoint detect layer 16 is preferably comprised of nitrogen rich
silicon (e.g., nitrogen rich polysilicon, or nitride rich silicon) having a nitrogen molar
20 concentration between 2 % and 50% and (or Si,N, where x is between 1 and 3) and y is

between 1 and 3; and a thickness of between about 20 and 200 A.



20 deposition to have a high N content at the top of the detect |ayer. 10
23 June 2004 Endpoint detect layer fornmed by Il The endpoi nt detecting
silicon layer conprising a nitrogen rich silicon layer is formed by
depositing a polysilicon |ayer and inplanting N-ions into the polysilicon

| ayer. For exanple, a polysilicon |ayer can be forned over tHe Jyaq004
dielectric. The poly 5 (polysilicon) |ayer can have thickness of between
about 50 and 250 A. Next, the poly layer is 11l with N2 ions to formthe
endpoi ntotiek Euldpbiay §fecidd and the remai ning overlying poly layer forns the
gate stack layer 20. The N211 preferably has the follow ng paraneters: dose

bet ween about 1E13 pefe &iBoinPdcket byl in SdiiorABN SRElikg RGN siicénd 30
KeV. 10 C. forma gate stack 20 ovér the bottomsilicon |ayer 14 Next, we

forma gatgesé; . t EHNe 4 . gate
stack Iayereg%@ﬁgﬁ&%éﬁ%gégggégié&mgﬁgﬂ%ﬁﬁS%?l#%ﬁéy#4§%§§£%$1§%%€§g$glayers.
Many copbi natians .of.layvers are,possible in the ga tack. In a preferred
erbodi et Chee dRe R pu B DR BCuREE, B pbRobI R BBIRERS R 18 and
overlying Wsilicide |ayer. The poly layer preferably has a thickness of
bet wen about 500 and 3000 A and the Wsilicide | ayer preferably has a

t hi ckness of between about 300 and 3000 A. D. forma mask over the gate

st ack Nekdpojt laysrfpemed B NIb adpesphere gate stack. The mask 30 defines a

gate 20 electrode. The mask can be a photoresist |layer that is exposed and
devel oped usi ng The endpoint detecting nitrogen rich silicon layer can be formed by an

LPCVD process with a silicon source (such as SiHy, SiCl;H; ) in a N containing

environment (e.g., NHi, N,O).

10
Endpoint detect layer can be formed in a NHz, N;O, NO or 0, atmosphere.
The endpoint detecting silicon layer can be formed by LPCVD process with a silicon source,
such as SiHy, SiClyH; , in a NoO /NO/O; containing environment.
15 The nitrogen rich layer can have a higher concentration of N in the top or

bottom portions. For example, the N source (N2, N2O or NO) in a LPCVD process could be
turned on in the beginning (e.g., first 10% of the dep time) of the detect layer deposition and
turned off. This way the detect layer has a higher N content at the bottom. Likewise, the N
source could be turned on toward the middle or end (e.g., last 10% of the dep time) of the

20  deposition to have a high N content at the top of the detect layer.

10



conventional nethods to forma pattern over the areas where gate el ectrodes
are to be formed and openings where the gate stack is to be renoved. 11 23
June 2004 The mask can also be a nmulti-layered structure such as a
photoresist layer wth an underlying bottomanti-reflective co Q% ( BARC)
| ayer, (such as an inorganic, or organic, layer) and/or a hae Iayer
such as a silicon nitride or silicon oxide layer. 5 The nmask Iayer
preferably conprises an underlying BARC | ayer and an overlyi ng phot oresi st

| ayer. TEsedpfefsR@ekexy bayer forpredftgridbl y conposed of organic materials. E. etch
the gate stack 20 and the endpoint detect layer 16 using mnulti-step etch

Next, as shown in FlThésndpbiat @aécting bidickn BYerdehptibiag @ milpgentrictieilzeh | ayer
10 16 are etched using nmulti-step etch process. The etch is preferably

per f or MBgydrfs Brh&PG ﬂéf)%ﬂhﬁ@&?éﬁfﬂh%lﬂlagér anth&plAah NV1%ns in®hepelsifbsher
preferably has photodiode detecCtors that nonitor e progress of the etches

and by j 2e P‘é)itg%rﬁﬁﬁ%rﬁg}%ﬂw%ﬂﬁay%p@dﬂ%%oﬁﬁkdt gr ﬂa@ mﬁ?hggg@ne the end

poi nt of etch“nonitor or tection stem can

e (BUL ot LT 88 LRt Elecel Bl o BRCH @fectl g\hex%%e%oqﬁg%ﬁromw

or sélf He' 6F pressure base i ons
of these.. T etch refe abl at, | east .2 steps. - ate stack
i et o WgENG taie 1 B GRSt etfzr?ﬁaa( B e Sy D HarOb HEs t ne
gate stack 20 and an overetch ste as_ shown in FIG 3) that

renpves TORBS e gaie ik layar 20- skhecke. lyﬁﬁfeﬁe@bib’é‘raﬁ therfplowiag Patapmgiers: dpge et ch

process (either main etch step, endpoj nt detection step, or overetch step)
does notbetween about 1E13 per cm” to 1B14 per cm”, and energy between 5 and 30 KeV.

C. form a gate stack 20 over the bottom silicon layer 14

10 Next, we form a gate stack layer 20 over the bottom silicon layer 14. The
gate stack layer 20 can be composed of one polysilicon layer or several layers. Many

combinations of layers are possible in the gate stack.

In a preferred embodiment the gate stack 20 comprises a polysilicon layer;
15  and overlying W-silicide layer. The poly layer preferably has a thickness of between about
500 and 3000 A and the W silicide layer preferably has a thickness of between about 300 and

3000 A.

D. form a mask over the gate stack

Next, we form a mask 30 over the gate stack. The mask 30 defines a gate
20  electrode. The mask can be a photoresist layer that is exposed and developed using
conventional methods to form a paitern over the arcas where gate electrodes are to be formed

and openings where the gate stack is to be removed.

11



12 23 June 2004 5 danmage the gate oxide layer 14. If the gate oxide |ayer
is damaged, the polysilicon gate stack etch will etch pits into the S
substrate 10. F. main gate stack etch step: In a nain gate stack etch step
(or Bulk etch step), using a first etch chem stry, we etch the gate st ack
20 and the endpoint detect layer 16. The first etch step is 2t8Eé4when
an endpoint detection |ight signal is detected fromthe etch the endpoi nt
detect |layer 16. Light strengths are obtained by detecting the em ssion

spectrum of an 10 acTherfaskran ks bby ntultil@iyeddRtrudeRREcOds ftRtrekid &stor
means. For exanple, in optical em ssion spectroscopy, the etch of a

speci f i cyigbheaidefl9ing bott€A bt SéRekvd &¥BhY (BARES 18kf, (AicRREEA fbfoatRes fiC
wavel engt h of Iigg1 gt hat is anal yzed. Fé( exarrpgg (I n the Buﬁ et ch step

44, the égh@qtyey?tmﬁnem £3s10bYE 3@ s Asilidoh Alhrgi@toﬁ@ltw m&%y&gt h of

about 4057 nm ( at a certain intensity. The photodetecto t he -
etch tool measures Ilght intensity and other instrunents record and anal yze °
the data. Referring to FIG 3, the section 44 of the end point trace shows

the trace during t main .etch o | k et ul k pically has a
ow S "o 5102 ool ecrtUP Bt breloestly i HoegLne PN BsBRSE ched

fast. As t e etg proceeds %nd t he endpoint detect layer 16 is etched, the
end poiHtr Wéﬂ? ?toteé\ﬁktagerl  Of B s laygr 1 §E3éer§}ébff?18ﬁ°s&@))f°f3ﬁ‘i“§ MagerBiScause t he

nitride (SiIN) (or other 13
E. etch the gate stack 20 and the endpoint detect layer 16 using

multi-step etch

Next, as shown in FIG 2, the gate stack 20 and the endpoint detect layer

10 16 are etched using multi-step etch process.

The ctch is preferably performed in a reactive ion etch etcher. The reactive
ion etch etcher preferably has photodiode detectors that monitor the progress of the etches and
by observing/recording the changes in the emissions, determine the end point of the etch. The

15  etch monitor or end point detection system can be (but not limited to) Optical emission
Spectroscopy, laser‘ Interferometry or self bias change or pressure based endpoint detection or

combinations of these.

The etch process preferably has at least 2 steps - a gate stack main etch
20  (first step) (e.g., 44 as shown in FIG 3), that etches the gate stack 20 and an overetch step
(e.g., 48 as shown in FIG 3) that removes the remaining gate stack. It is very important that -

the etch process (either main etch step, endpoint detection step, or overetch step) does not

12



23 June 2004 species) in the gate reduces the anount of Si that reacts with
F* radi cal s and reduces the anmount of light that is given off. G Endpoint
Detect Layer Etch Step Wen this lowered intensity end point 46 is detected
the Bulk etch is 5 stopped and the endpoint etch is started. The endpoi nt
etch step has a different chemstry than the main etch step.237hee ERdpoi nt
etch step has a nediumselectivity between Si and Si02. This contrasts
with the main etch step that has a | ow selectivity gate stack to gate

di el ect rdatmagh aieite ckdicRefeen &i Mthet @tddxicdayadfid @findobe B4 pol{siRwhigark 4@k in the
end point trace, the Bulk etch is stopped, and the overetch step is :

started. etéﬂw@&él?ﬁl%hn@tﬁ@sﬂsﬂbétﬁ%‘e fpyeretch step; (see FIG 3, section 48)
usi ng a second etch chem stry, the renaining gate stack and remaini ng

endpoi nt detect |ayer 16 are etched w thout damaging 15 the gate
dielectric layer 14. The overetch step has a new chem stry that has a high
selectivity of Si to SSQ2 to protect the gate dielectric layer 14. In the

description ghove, are formed in the gate stack 20
then additi onal etch s%ﬂ att%z%g K %’Sg%pto the etch process to etch the

addi t ional layers. The 20 nulti- st ep etch above bel ow etches the gate stack
laye® 20 (e.g., pol ySiamengpie skl ﬁttfﬂkﬁt@n@f Byl gigh e cbting afisst e, | f ot her
| ayers are i ncl uded in the gate stack layer 20 (e.g., Wsi,,) or layers are
formed atbemistiyhwe gieh ¢hesgagaeitackal@dint itlen adpeing Idetsttéqwr taThedirsichthbcsicplis 23 June
2004

stopped when an endpoint detection light signal is detected from the etch the endpoint detect

layer 16.

Light strengths are obtained by detecting the emission spectrum of an
10 active species by a detector means or photodetector means. For example, in optical emission

spectroscopy, the etch of a specific object (e.g., gate stack layer) gives off a specific specific

wavelength of light that is analyzed.

For example, in the Bulk etch step 44, the SiF activated species gives off a
15  light at a wavelength of about 405 nm (+/- 20 nm) at a certain intensity. The photodetector in

the etch tool measures light intensity and other instruments record and analyze the data.

Referring to FIG 3, the section 44 of the end point trace shows the trace
during the main etch or bulk etch. The bulk etch typically has a low Si to SiQ, selectivity that

20 allows the polysilicon to be etched fast.

As the etch proceeds and the endpoint detect layer 16 is etched, the end
point signal lowers in intensity (see section 46). This is because the nitride (SiN) (or other

13



Exanples The following non-limting exanples represent preferred fornms and
best nodes contenplated by the inventor for practice of this invention, as
well as illustrating the 5 results obtained through its use. Bel ow an
exanple is described that describes a way that the invention can Dbe

I npl emented. FIG 3 shows the endpoint trace for this exanpl e 3 A% hows a
cross sectional view of the gate el ectrode conprising: substrate 10, gate
dielectric layer 114, end 10 point detect |ayer 116, bottomanti-reflective
coat i ng spBAERC)n thayetk rdR2esthe afpbadt ©f 85ihat reh@y eith F 3llicaledildeeducekeiaer i bes a
possi bl e conposition of gate electrode |ayers. Table 1: Layers of Gate

El ect rodﬁﬂduay@fm@t@laﬁglglmh@kmess range ow hi h gate dielectric 114silicon
oxi de20 - 200 A endpoint detect |ayer 116nitrogen rich silicon (e.g., 20 -
200 SiN) gate stack 120pol ysilicon500 - 3500A bottomanti-reflective

coating 300 -G.2500 Achdpbink Detdctithic? EfH Step304000- 20, 000 A 15

When this lowered intensity end point 46 is detected the Bulk etch is
5  stopped and the endpoint etch is started. The endpoint etch step has a different chemistry than
the main etch step. The endpoint etch step has a medium selectivity between Si and SiO; .
This contrasts with the main etch step that has a low selectivity gate stack to gate diclectric

layer.

10 Referring to FIG 3, after the dip (section 46) in the end point trace, the

Bulk etch is stopped, and the overetch step is started.

H. Overetch Step

In the overetch step; (see FIG 3, section 48) using a second etch chemistry,
the remaining gate stack and remaining endpoint detect layer 16 are etched without damaging
15  the gate dielectric layer 14, The overetch step has a new chemistry that has a high selectivity

of Si to SiO, to protect the gate dielectric layer 14.

In the description above, if additional layers are formed in the gate stack 20
then additional etch steps can be added to the etch process to etch the additional layers. The
20  multi-step etch above below etches the gate stack layer 20 (e.g., polysilicon), and the end
point detect layer 16. If other layers are included in the gate stack layer 20 (e.g., WSiy) or

layers are formed above the gate stack, additional etch steps can be added.

14



15 23 June 2004 Table 2 bel ow shows a preferred nulti-step etch process.
Table 2: Multi-step Etch Process Etch StepsSelectivity to Si vs

Si @2Preferred EtchEtch Chemi stry (gas Chem stryconposition and, pressure)
BARC etch & BARCsel ectivity to gate el ectrodepressure about 105-30 mrlorr
pressure, overetch 40> 5:1nTorr (5 to 13Cl12/02 or CF4 /02 nréefyeddd4or 02
/N2 HBr/ 02 Breakthru Etch 42selectivity Si to Si02 tgt =pressure about
10CF4 , or C2F6 or Cl2 1:2nforr (5 to 13 miforr) CF4 Main Etch step 44
(Bul ksel ectivity Si to Si02 high (Pressure 7 mlorrHC, Hr, Br2s |12, H
Etch)> 25 : 1)(5 to 13 mlorr) Cl12/He/ 02 /HBr Endpoint detect |ayer
etchselectivity Si to Nitride richPressure 7 mlorrHC, HBr, Br2, 12, H
471 ayer Medium (About 5:1 =(5 to 13 miExampiket ween 3:1 and 7: 1C12/ He/ 02
/[ HBr Overetch 48selectivity Si to Si02 high (Pressure 80 nmlorr preferably

greater thanHe/02 / Hﬁ(e following non-limiting examples represent preferred forms and best
modes contemplated by the inventor for practice of this invention, as well as illustrating the

5  results obtained through its use.

Below an example is described that describes a way that the invention can
be implemented. FIG 3 shows the endpoint trace for this example. FIG 4 shows a cross
sectional view of the gate electrode comprising: substrate 10, gate dielectric layer 114, end

10 point detect layer 116, bottom anti-reflective coating (BARC) layer 122 and photoresist layer
130.
Table 1 describes a possible composition of gate electrode layers.

Table 1: Layers of Gate Electrode

Layer Material Thickness range
(low- high)

gate dielectric 114 silicon oxide 20-200 A

endpoint detect layer 116 nitrogen rich silicon (e.g., | 20 - 200

: SiN)

gate stack 120 polysilicon 500 - 3500A

bottom anti-reflective coating 300 - 2500 A

(BARC) 122

photo resist 130 4000-20,000 A

15

15



120: 1 and nore preferably about 150: 1) (between 130:1 and 170:1)
exanpl e,

t he endpoint d

etect |ayer

pol ysilicon layer and fornmed by depositing polysilicon in an anmonia

anbi ent

in
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conPmelihe Edthése 10 t e

f ab

rication of the stru

cistecuigsSidaibi®e tggene
ct:2re of the present

I redsyreaatrplriole d
mTorr (5to 13
mTorr)

CE4

CHy tdreCyFg or Cly

Main Etch step 44 (Bulk
Etch)

selectivity Si to Si0Q, high (
> 25:1)

Pressure 7 mTorr
(5 to 13 mTorr)
Cl;/He/O, /HBr

HCI, Hr, Bry, I, HI

Endpoint detect layer etch
47

selectivity Si to Nitride rich
layer Medium (About 5:1 =

Pressure 7 mTorr
(5 to 13 mTorr)

HCl, HBr, Bry, I, HI

between 3:1 and 7:1) ) Cl,/He/O, /HBr
Overetch 48 selectivity Si to SiO, high ( | Pressure 80 mTorr
preferably greater than He/OG, /HBr
120:1 and more preferably
about 150 : 1) (between
130:1 and 170:1)
In this example, the endpoint detect layer 116 is formed of a nitride rich
5 polysilicon layer and formed by depositing polysilicon in an ammonia ambient in an LPCVD

process using NHj /N2O gasses.

The molar percentage N in the endpoint detect layer is

between about 2 and 50% and more preferably between about 10 and 20 % thus ensuring

enough N {o be detected using the photodetector. FIG 3 shows the endpoint trace for this

example. FIG 3 is a trace taken at a wavelength of about 405 nm,

10

In the above description numerous specific details are set forth such as

flow rates, pressure settings, thicknesses, etc., in order to provide a more thorough
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i nvention. Moreover, the individual steps of such a process can be
performed using commercially available integrated circuit fabrication
machi nes. As specifically necessary to an understanding of the present

i nvention, exenplary technical data are set forth based upon current
technol ogy. Future devel opments in the art may call for appr oBriag 004
adjustnents as 15 would be obvious to one skilled in the art. Wile the

i nvention has been particularly shown and described with reference to the

pr ef er r egshdersppdingRiite privenEiabentivh. Wwill bBebUBGE hekead tB¥nd kel iskiddred i n
the art that various changes in formand details nmay be made w t hout

depar t i N@af th® PrdsB@ ifRinfibh ma§ b@Bﬁcﬁ@é&RﬁtﬂNﬂt @ deBYI8 Nt QRer thitardcss, Watiended to
cover various nodifications and simlar arrangenents and procedures and

the SCOpﬁuﬁﬁgﬁgﬁﬁéngﬂﬂﬁQb&h%k&&ﬁkﬁ%f&&8[ﬁuﬁ@§H¢Hmﬁﬁna%%&ﬁi thﬁhbroadeSt

interpretation so as to enconpass al Suc Ications a sirm

arr a.nge geﬁt ﬁx@gxlt%r O?&Q:sk{ W11Z1t %:1).’ ﬂjlé rgeec% ca‘ufm can be sca fed H%HH(EOWI%dkeegmé at e

fabrlca ng a ga cess preven

Cubst at BF S5 FBAE PG ﬁésﬁﬁaﬁ#mw ch&cggfﬁr%pg@%ﬁ ikt et Bl cct 1 o

| ayer; c¢) fornlng a gate stack over said endpoint detect layer; d) formng
a mask oWdfeddnthy alat e st ack; said mask defining a gate el ectrode; e)
etching said gate stack and sai d endpoint detect layer using a nulti-step
etch process conpri sing:

It should be recognized that many publications describe the details of
common techniques used in the fabrication process of integrated circuit components. Those
10 techniques can be generally employed in the fabrication of the structure of the present
invention. Moreover, the individual steps of such a process can be performed using
commercially available integrated circuit fabrication machines. As specifically necessary to
an understanding of the present invention, exemplary technical data are set forth based upon
current technology. Future developments in the art may call for appropriate adjustments as

15  would be obvious to one skilled in the art,

While the invention has been particularly shown and described with
reference to the preferred embodiments thereof, it will be understood by those skilled in the
art that various changes in form and details may be made without departing from the spirit

20 and scope of the invention. It is intended to cover various modifications and similar
arrangements and procedures, and the scope of the appended claims therefore should be
accorded the broadest interpretation so as to encompass all such modifications and similar

arrangements and procedures.
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(1) in amin etch step: using a first etch chemstry, etching said gate
stack and sai d endpoint detect |ayer stopping said first etch step when an
endpoi nt detection signal is detected frometching said endpoint detect

| ayer; (2) in an endpoint detect |ayer etch step: using a second etch

chemi stry, etching said gate stack layer and said endpoint détheet2004yer
and stopping said endpoint detect |ayer etch step when an endpoi nt detect
si gnal changes upon reaching said gate dielectric |ayer; said second etch
chem stry having a higher selectivity fromthe gate dielectric layer to
the gate stack layer and endpoint (datm&ct |ayer than said first etch

chem stry; (3) in an overetch step: using a third etch chem stry, etching

The ot nodeue A ARyt R Aol o AL R g L ri ol of

ni troge ' Lh ving a N nol ar concentration between about 2 and
50% and aEét‘ﬁlggﬁﬁ%y%’&g‘gbnng‘él“ cen about 20 and 3 00 A. 18 23 June 2004 3. The

met hod of claim 1, wherein sajd.endpojnt detect er conprises a nitrogen
rich polysiliconapafﬁpn?gﬁﬁg ‘%@eﬁgﬁkiFﬁ?ﬁ@aﬁgﬁb%¥1icon in an amoni a

anbi ent. 4. The it hpénbk a6leadpvid: deher 18idt ovad didepep@tBirid elyegt | ayer is
Formed by 1npl antcs ngfo?mirl]l%taegrai[easltack over said endpoint detect layer;
d) forming a mask over said gate stack; said mask defining a gate electrode;
e) etching said gate stack and said endpoint detect layer using a multi-step
etch process comprising:

(1) in amain etch step: using a first etch chemistry, etching
said gate stack and said endpoint detect layer stopping
said first etch step when an endpoint detection signal is
detected from etching said endpoint detect layer;

(2) in an endpoint detect layer etch step: using a second etch
chemistry , ¢tching said gate stack layer and said endpoint
detect layer and stopping said endpoint detect layer etch
step when an endpoint detect signal changes upon
reaching said gate dielectric layer; said second eich
chemistry having a higher selectivity from the gate
dielectric layer to the gate stack layer and endpoint detect
layer than said first etch chemistry;

(3) in an overetch step: using a third etch chemistry, etching
said endpoint detect layer without damaging said gate

dielectric layer.

2. The method of claim 1 wherein said endpoint detect layer is comprised of nitrogen rich
silicon having a N molar concentration between about 2 and 50% and a thickness of

between about 20 and 300 A.
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that is capable of being an endpoint detection material in said nulti-step
etch process. 5. The nethod of claim 1l wherein said endpoint detect |ayer
is formed by inplanting a material that is capable of being an endpoi nt
detection material in said nulti-step etch process; said nmaterial is
selected fromthe group consisting of nitrogen, Ar, Xe, Ge ardJo®m20§4 The
met hod of claim1 wherein said gate stack is conprised of a bottom
polysilicon layer and an overlying tungsten silicide layer; said bottom

pol ysi.| im@méayEst dam Ngh@einkbialngssntfetecPRiWRSMpaARRUniREEnafech 2000 A and
said tungsten silicide | ayer having a thickness of between about 300 and

3000 A 7 polfAficBR1diedroRhod b pldBobitbBEStTlo R dn BB G, RR! cOMPI i ses a

phot oresi st pattern with an underlying bottomanti-reflective coating
(BARC) layer. 8. The nethod of claim1l wherein said endpoint detect |ayer
conprising a nitrogen rich polysilicon layer is forned by depositing a

pol ysjli.gon | r.and jnplanti N i.ons . into .said | ysilicon | ayer,. 19 23
e bootegnetios ol oo satndngiplibiehlegor 5 fvae R Pelinauied &Y, f or red
at a pressure between 5 and 13 nilorr and an etch chem stry conpri sing

C12/ He/ 02 thaigs CB@F‘\’Aﬁ QEpeing e endgpint detoctiogymatprial il Mulirtep 6 WOPTS¥i ty of Si
to SIR > 25 :1 ; and said endpoint detect |ayer etch step is perforned at
a pressure between 5 and 13 niforr and with a selectivity of silicon to
nitride rich silicon | ayer between 3:1 and 7: 1 and a with etch chem stry
of G2/ He/&h¢dBrclaim HehgreiBpid cBdpyint] etast lajr,is fmoked by dnploeimgtachatsitialp
conprises a selectivity of Si to Si02 between about 130:1 to 160: 1 and

i s perf or nhat istapablploébsitg an bedpote detéflionnnhi&h talaid mahdstyp étbh proceskcdaid

material is selected from the group consisting of nitrogen, Ar, Xe, Ge and O;.

6. The method of claim 1 wherein said gate stack is comprised of a bottom polysilicon layer and
an overlying tungsten silicide layer; said bottom polysilicon layer having a thickness of
between about 500 and 2000 A and said tungsten silicide layer having a thickness of

between about 300 and 3000 A.

7. The method of claim 1 wherein said masking layer comprises a photoresist pattern with an

underlying bottom anti-reflective coating (BARC) layer.
8. The method of claim 1 wherein said endpoint detect layer comprising a nitrogen rich

polysilicon layer is formed by depositing a polysilicon layer and implanting N ions into

said polysilicon layer.
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chem stry of He/02 IHBr. 10. A nethod of fabricating a gate stack and an
etch process to prevent danmage to a gate dielectric |ayer conprising: a)
formng a gate dielectric |ayer over a substrate; b) form ng an endpoi nt
detect | ayer over said gate dielectric layer; said endpoint detect |ayer
conprised of nitrogen rich silicon formed by chem cal vapor 23dpmsiO0fng
sai d endpoint detect layer in a N-containing atnosphere; c) formng a gate
stack over said endpoint detect |ayer; said gate stack conprising a

pol ysi. | i CROmAYE bf AREh BRVheNA! da¥d Adin%hdH Sdpd€ pbiddifiled a6 phQEIT: BvRAREKI OVer
said gate stack; said nmask defining a gate el ectrode; e) etching said gate

stack and gajf A% @Ech@ﬁérﬁféky E%§Si£¢§§@Méﬂ oS [1RR, 198C Br,, Bf BC8ES

conprising: (1) in a mn etc irst etch chém$tTy, étching

said gate §tag ngégtg‘gﬁggg??odﬁgjzrg 2gefﬁect | ayer stopping said first etch

step when an endpoi n ction“signdl ’is detected frometching said
endpoi nt detect layer;,(2) in an.endpoint detect |ayer etch step; using a
Second et ch —ohem ot Ay S eadPaBt ARG oL HER R neslRedia Pleuie BHRHEEH e 50
23 June 2004 (3) detect |ayer and stopging sai d endpoi nt detect |ayer etch
step wher d¥d eRbgyerm wibe selectiy9h) siEsnigeutridsaieh sdigemlapgr ketigeen 311

and 7: 1 and a with etch chemistry of Cly/He/O; /HBr of HCI, HBr, Br,, I or HI; and

said overetch step comprises a selectivity of Si to SiO, between about
130:1 to 160: 1 and is performed ata pressure between 70 and 90 mTorr and with an etch
chemistry of He/O, /HBr.

10. A method of fabricating a gate stack and an etch process to prevent damage to a gate dielectric
layer comprising:

a) forming a gate dielectric layer over a substrate;

b) forming an endpoint detect layer over said gate dielectric layer; said endpoint
detect layer comprised of nitrogen rich silicon formed by chemical vapor
depositing said endpoint detect layerin a N-containing atmosphere;

c) forming a gate stack over said endpoint detect layer; said gate stack
comprising a polysilicon layer and an overlying silicide layer;

d) forming a mask over said gate stack; said mask defining a gate electrode;

e) etching said gate stack and said endpoint detect layer using a multi-step etch
process comprising:

(1) in a main etch step: using a first etch chemistry, etching said
gate stack and said endpoint detect layer stopping said first
etch step when an endpoint detection signal is detected
from etching said endpoint detect layer;

(2) inan endpoint detect layer etch step; using a second etch

chemistry, etching said gate stack layer and said endpoint
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gate dielectric layer; said second etch chem stry having a higher
selectivity fromthe gate dielectric layer to the gate stack |ayer and
endpoi nt detect layer than said first etch chem stry; in an overetch step;
using a third etch chem stry, etching said endpoint detect |ayer wthout
damagi ng said gate dielectric layer. 11. The method of cl ai R3Uona#¥fein
sai d endpoint detect layer is conprised of nitrogen rich silicon having a
N nol ar concentration between about 2 and 50% and a thickness of between

about 20 and 300 A 12. The aagaque@fanglsﬁ,bﬁm%gai@@gd@ilﬂ dsRtdapndRpisip
detect layer is conposed of a nitride rich polysilicon layer that is forned

by depositing polysilicon in Zhcaabeidaoiabatiest signy chansges ppon reachingfhe net hod

of claim 10 wherein said endpgidly; ' | oxygen
rich polysilicon |ayer. 14. T%e ng%ﬁggﬂ%¥£2%§§%*%%Pﬂﬂgggﬁﬁgggkﬁﬁgﬁdpoint
detect layer is conprised of &ighexsehectivitxdfomitihgatodiylsttric dayar todhegaté or ned by

depositing polysilicon in an ont ai,ni .anmbjent. 15. T nmet hod of
claim 10 wherein said main et (’S?%g%?l ?)ral“g e%%%f’%rdﬁgaﬂﬁ erihﬁ?rsglg%?teée@et ween 5

and 13 niforr and an etch chegh&tittyy;conpri sing Cl2/He/ 02 /HBr or HCl, HBr,
Br2, 12 or H, and an etch selectivity of . Si to SiQ2 > 25 :1 ; 21 23 June
2004 and sai d endpoi nt détledh PLYyErEtchsER: wingy thad sohrBpsHy fiching ks sur e

between 5 and 13 niforr and Wekdhofh VA& hd ol ; HSA! rich
silicon layer between 3:1 an\élwe dbotht A6{cBAhyeY | With it asthddifPRid Qudbibch e

layer.

11. The method of claim 10 wherein said endpoint detect layer is comprised of nitrogen rich silicon
having a N molar concentration between about 2 and 50% and a thickness of between about

20 and 300 A.

12. The method of claim 10 wherein said endpoint detect layer is composed of a nitride rich

polysilicon layer that is formed by depositing polysilicon in an ammonia containing ambient.

13. The method of claim 10 wherein said endpoint detect layer is comprised of an oxygen rich

polysilicon layer .

14. The method of claim 10 wherein said endpoint detect layer is comprised of an oxynitride rich

polysilicon layer formed by depositing polysilicon in an N;O containing ambient.

15. The method of claim 10 wherein said main etch step is performed at a pressure between 5 and
13 mTorr and an etch chemistry comprising Clo/He/O, /HBr or HCI, HBr, Bry, I, or HI, and
an etch selectivity of Si to SiQ; > 25:1;
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7: 1 and a with a chemstry of Cl12 /He/02 /HBr of ; HCL, HBr, Br2, 12 or
H and said overetch step conprises a selectivity of Si to Si02 between
about 130:1 to 160: 1 and is perforned at a pressure between 70 and 90

mforr and with a chem stry of He/02 /HBr. 22
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and said endpoint detect layer etch step is performed at a pressure between 5
and 13 mTorr and with a selectivity of silicon to nitride rich silicon layer between 3:1 and
7: 1 and a with a chemistry of Cl,/He/O, /HBr of ; HCI, HBr, Bry, I or HI and

said overetch step comprises a selectivity of Si to Si0; between about 130:1

to 160: 1 and is performed ata pressure between 70 and 90 mTorr and with a chemistry of
He/O, /HBr.
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