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INVENTION (1) FIELDS OF THE | NVENTI ON The present |néent|onp;$t?25farly o .
ly to fabrication of seniconduptor dev!ces and nore

gegﬁ{ggt¥opic etch process for a nmultilayer silicon self aligned gate (SAQ

i ISt =y e nsi.stor (MOSFET) where the
et ching pf ocese o The Tl ar bAm R RGBS B Roarbayic bar o

bt i etch time end points for the
laﬁgLaFVgFL?ﬁgb%g@ghﬁ%g?béﬁggﬁﬁ%&ﬁ%ﬁi@é%ﬁﬁéﬁﬁﬁEﬁ#CQHé stacked gate
re : _ .
i d_size FET's has becone comon.
mul tilayer structure of th LY (ﬂﬁﬁge uce .
As device size is reduced gﬁgﬁéﬁg r e VEREEIN ed to create the

i to N
i ch o g A B RERHONG o | cast one Pre)a(;:t: itSQ'W_”t’;’E'eEi es'which s
e ot ched. " Thi & caus Gl BUPRANER A e drecralis Gouaghn dheniischinio be
Ctatus of ) Rttt BiS Boenae i qhtisee dupominongiion s sigaad s 0 o 215
ot or s UTAIGRES S CE i6H <FFa Fotsii: USRI iver b ackinsmbes s th an
2o cond iﬁ%ﬁ”‘%ﬁfcé?lé%@%ﬁ%‘%%ﬂ%gﬁ'aééaiéi@maémpﬁ&géiiéﬂwéiﬁﬁe%%ﬂg?t ne

T ansi ot SPp e Fpatobht Beur &, The Structare or waier s placed in a

i i i initi d. Two conmon
' reodhat is. etcher, and etching is initiate oI \
BLg;rghsgéﬁigﬁaﬁﬁfgcﬁ&QFEPBWRﬁREcess is the undercutting of the polysilicon
| The stacked gate multilayer structure of the current reduced size FET’s has

become common. As device size is reduced the etching process required to create the correct

topography has become more critical.

Dry etching is a process in which a gas-or plasma containing at least one reactive
species which is energized by a radio frequency when placed in contact with a structure to be

* etched. This causes a reaction at the surface of the material to be etched wherein the reactant

material is removed in the form of a gas. The status of the etch process as it progresses through the

various materials of a muliilaver gate element is monitored by an optical detector which monitors

the optical emission from the plasma. The process begins with an application of a masking material

such as photoresist (PR) on a multilayer semiconductor structure. The masking material patterns an

area on the structure from the etch process, for instance, fo create a field effect transistor (FET)

gate structure. The structure or wafer is placed in a plasma reactor, that is, etcher, and etching is

mitiated. Two common problems with this dry etch process is the undercuiting of the polysilicon




| 10 AUG 2044 gale laver, and the etch rate consistency of the process as

it etches.through the various |layers of a conposite |aver gale st rjgture.
Anot her potentially serious environmental problemis the use of a a4 Ga 04
such as carbon tetrachloride (CCl4), which can be potentially harnful to
the environment as an ozone destroying chem' cal .. A conmon

si i conhpol ¥§é & omagt L , on fluqripne. Wien m xtures such
as carbon tgtr(}fl uor i de 819&99&1%1% S O?ﬁ f?l(tcﬁs 1Slé?tgwml%oélgjégﬁ‘%%l"‘vﬁsaﬁ“

el ectrical ginss o i.ne ato | i.berated and volatilize the
silicon as 5|ni$'| (Eig{llg\t% err d }uld%'rel no%%i"?‘ﬁ‘%‘a NSUEF emdopaental problsds fegeeefves ar e

i sotropic, ctions, laterally as well as
vertically 1%%@%&&#%2@#%{%%&,9%# onda’gé?@ "Blbi'lf‘ b potgrtialy @&F}‘/me the grvibmsenar e
not pr oduce Ling he sole enchant. For vertical (anisotropic)
et ches of sﬁlq%g%eéire&'%‘w m\"i“‘élf:m the uses of gas mixtures such as CF.,
and chlorine (O, are ed Th reconbl nants suppress etching in the
lateral, that is in the OWPf‘g‘rﬂ“éHOh&F“roééf"i‘d?’(?c"v‘?bgs bpsed omBigrinegWhed finkhe C |,
atonms whic etched polysilicon walls. Etchin

conti nues F n&%%m?%“r ﬂ'@ﬁ'fm% tﬁt’?%?i“’g@r%é}%m %:/‘EFF@PIafP(bmﬂhelem&éItilsclﬁrtg%f ace
because boqmﬁf dnent fr Q | asma suppresses the reconbi nati on nechani sm
This sidewall pasgid alf’e‘dﬁ 814 witilizedhejslicen pypdigorbigtrafuoiide (SiFe), Nevenihgied00k
VLSI Techn ogqy. Edition, MGawHi Il International Editions; New
York, NY 1 lg‘gq%%ﬁgeszﬁﬁ)”mﬁh’ﬁ ﬂ’é‘r‘ﬁﬁ‘ﬁée“*h nall distcboi loterally Biwelitas berbiatiyvesn
polysilicop and ate Oxi de poly oxi de selectivity) nust be as high as
possi bl e t O° FTRG e, AnigRionis of vastical anly eiehds art oot prasiuced véhbe Fuorbic @the SRS
conventi onal f)r ocesses include an overetch step. Overetching is necessary
in order t8“hsure no unwanted residues are left on the wafer or device
structure after etchin If etching was stopped at the "end point" as
determ ned by the opti e‘aYcrfé'f’lll(%ﬁobﬁplﬂrmiﬁfelhmmIiiﬁysﬂﬁﬁig)thd)@léi&éﬁj t he

mixtures such as CF, and chlorine (C1; are used. The recombinants suppiess etching in the lateral,
that is in the horizontal direction, by recombining with the Cl, atoms which have adsorbed on the
¢tehed polysiticon walls. Etching continues in the vertical dircction perpendicular to the wafer
surface because bombardment from the plasma suppresses the recombination mééllanism. This
sidewall passivation effect is described by S. M. Sze in his book VLSI Technology, Second
Edition, McGraw-Hill International Editions, New York, NY 1988 ;iage 200.
F urthermore, the selectivity of etch between polysilicon and gate oxide

(polv.oxide selectivity) must be as high as possible to minimize oxide loss. In addition to an etch
step, most conventional processes include an overetch step. Overetching is necessary in order fo

InSUre no unwanted residues are lefl on the wafer or device structure after etching, If etching was
e =Tk

stopped at the “end point” as determined by the optical emission from the plasma, only parts of the

wafer would be completely etched while other parts would still be covered by some remainine
i
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waf er woul d be conpletely etched while other parts would still be covered

by some.remaining 2 10 AU G 2004 i polysilicon or buried or bottom antD AuG 2m
reflective coating |layer (Bare) material. The Barc layer is used to both

hel p planarize the surface and to reduce light scattering fromthe

sem conductor surface into the resist which helps in the definition:of

smal | i mMges.;. . r.gteh residue is clue to the non uniformty of both
the initi %@?%%35531 ﬁ]%gr?l g"ré‘:’ﬁé‘r“ﬁ“?‘g?‘ﬁ? PRk Res Ban amagial. SheBare kye is iedy  of
the over ) ss. gases_contain chloride such as CCL which can be

har nf ul tg(ht9 éﬁ)cglgr)lglgm-”é‘?m%eeﬁLfI*f‘qécsa“déWe&%‘ﬁﬁ‘gl‘fd%"élﬁlmﬁ'%fl1é ers@dictasugiicevi ousl y

noted. FI illustrates. eptable polysilicon etch profile. Substrate
10 is covg}oeﬁe By "2‘“‘6‘21%& P b“i‘ﬁﬁ@&c’r“ﬁl?“ ol imagss Theyaffas ettht residing is dirgie flikaon

anot her pol.y |ay 18. covered hy a "burjed" or bottomantireflective
coating | gril’%)fm%é’;f;b(?ﬁ]h Doyl Pofypilitos s Bpis il shickiese angtihy gl iacohlagasfahsi dewal |
is wvertical: it Is not undercut 24 as shown in FIG 3, nor does it have a
"foot" 267 S PPEOEE a5 ForAnchigsidr guch at €Ch svisdhoambs ImnFfulio the erBbbrnent as

under cuttrinn‘% anp if.o,ot or_ﬁti on result fromconplicated etch (isotropic
and ani sot ropIci AN oY ru Bk setdons. For exanpl e, the undercutting

can result from enrrl%?g?e}d i sotropi c etching near the bottom of the
structure. Foot formatiorlWHHey® sentshld phlysilicor delppwiitei Subsihi ohis caRrlave a

hi gher r te at t_}]e ﬁ)ot } omof a small etching region. It is comon industry
oractice V6 S IONER 4f- @ olvpifon eate dsiicide o, wnetherpolvyait 18canergatestaee) f or mi ng
an over e(SQCh step after the main etch step. The overetch consunes the foot
as wel | &8t pntrdleptiyg spatigg layeri(Bare)i9 apr phothresio P dEhePORERGR cak K@l Med tO
prevent undercutting, it is necessary to forma deposit on the polysilicon
si dewal | VE'Beabilgt et minddner ¢ eeshosih In FIGOM oD tis:s it Radee &SR twhi G rGan
laterally etch the sidewall. A process is desirable that produces the
proper gBREEH? shpen b Kot Batingelocutitg g fastdorelah@! reAMGAR) LRplSHEILES 2
"foot", which uses chem cal gases which are not harnful to the
(1sotropic and anisotropic ) and_deposiﬁon reactions. For example, the undercuiting can result from
enhanced isotropic etching near the bottom of the structure. Foot formation can be cansed by
redeposition which can have a higher rate at the bottorm of a small etching region. It is common
indusiry practice to eliminate “foot” formation with poiysilicon gates by performing an overetch
step after the main etch step. The overetch consumes the foot as well as any residual polysilicon on
the oxide surface. In order to prevent undercutling, it is necessary to form a deposit on the
polysilicon sidewall to protect the side.wall from ions in the plasma which can laterally etch the
stdewall. A process is desirable that produces the proper gate profile without undercuttine and

other anomalies such as a “foot”, which nses chemical gases which are not harmful to the

environment or reduce the quantities used of potentially harmful gasses, and is reproducible over

many different wafers during a manufacturing process.

The following terms and abbreviations are or may be used herein; Polvsilicon



environment or reduce the quantities used of potentially harnful gasses,
and is reproduci ble over many different wafers during a manufact urffgays 200
process. The followi ng terns and abbreviations are or may be used herein,
Polysilicon 3 ,1 D AV G 2134 (poly); Carbon (C); Carbon Tetrachl oi ade
(CCl.1); Carbon Tetrafl uoride (CF4 ); Chlorine Fluorine (F); field effect
transi st or (HdBTTarbbetcd)UibdieDerss ‘%{ (GHR):tuilli Ton (M. standard

cubi c centinmeters pedr )'m' nut e ?Igéc d?%;@lls?{’suf?*ﬁfi‘{o“ @&@héﬂl‘{oﬂumqlz),watts
(w); etch mabnd ERficld SEEARAS: .Latio of one el ement (X) to another
(Y) (XY), bott oﬁf(lorc bur i egf““‘ngﬁ)r E?H“Eb(ﬁ%é‘-\’g‘fe&e&t(ﬂﬂgm%@awnam‘)@@mﬂmgr ade
(Q self abiwnedqigdat ; . S.. Pat. 5, 804, 088 issued to McKee and U.S.
Pat. 5, 858, oo "gﬁ@o@‘?@“‘“@t Angsirams( ) vaic B tEmioratie trohéteigrarER); | aye
FET gate stk [.&s.containjng anti-reflective coating layer(s). U S
Pat. 5, 885, Mﬁ%g”e?’s‘s:"ﬁ%a 5 e‘%f"g iy forfgotaer (X) (X ¥hdwiwnaopbodsamtifraflecgicchi Ng a
mul tilayer, gate structure containing an are layer with different reactant
gases. U. Sb.m%%((.%m"\i?’ Cf%@“‘ééé)i%gﬁlﬁc gte (BAG) descri bes an inert gas purge
enchant ‘process for a multilayer gate structure. U S. Pat. 5, 453, 156

issued to Cher et al. i.bgs nmul tilayer gate el enent dry anisoiropic
etch elimnating CCL ﬁ%'?’h@ﬁe&@ﬁi‘im‘l ‘%héhﬁe%mdw-SAPam, AI8CE 200 SIIMMARY  OF

THE | NVENT] &y ingly,. it is the primary objective of the invention to
provi de an ef f@g&?@g&qgln i%ﬁ‘ﬂ#@i’s‘?hﬁaﬁ&’éﬁ {ugemss eonfagringdntj-refleatvt behtifie

mul til ayeg,.seRigQnduc . ucture that produces inproved endpoint

r epeat abi ﬁ“ ?’ggpoﬁ'%t ﬁ"g %g %?1 %bé\fgﬁ’efi by Blesingamartiab sleovs arpravess dertobing BByl
| ayers, apg mq;%@? %atrticul arly. Bare etch repeatability and the etch
repeat abi P11y 61 118 GHEBAIaYEONh diffgrent réattant gases. U.S. Pat. 5, 188, 980 issued 1o

Lai describes an inert gas purge enchant process for a multilayer gate structure. U.S. Pat. 5, 453
* . 2 >

156 issued to Cher et al. describes a multilayer gate element drv anisotropic etch eliminating CCl,

[rom the enchani chemistry.




used in the structure design.. It is also the objective of this invem;,iﬂolz\‘nU _
to provide a vertical, or anisotropic etch of the rnultilayer gate G 2004
structure wi thout undercutting or foot formation. A further object of this
invention is to reduce the use of process chemcals that could possibly
have an envi ronnental concern. In accordance with the objects of the

i nvention a nethod for ani sohpg}a\if{cal,W etchivn]gI a stacked FET gate
structure containing a bott ot AREFRY & BEEIVEERSKIN ng (Bare) layer is

achi eved. The structure _ids covered with a photoresist laver which is
patterned to defines tHEYGHYA S PEgrpay oviseing phibe dwentign sheomidt anyfeqive
predom naq}l(l%,“{:u rbo ]tet{af uoride, (CF4) with the inclusion of chlorine
(a,) whel& TTUSIMRR (E e dondn e bingtmplilaysempicaineioraguttive et paticef or t he
structure, I?u[_ilng rqces%l ng, the wafer is cooled with helium (He) that
'overs t h&"RIAFEP (ﬂl’é’ﬁlbécﬂ%?‘ Mg A il shans ferghe wiidewahicordiegasiittianiawii, Ghg act s
as a passivation |ayer producing a anisotropic etch. BRI EF DESCR PTI ON OF
THE DRAW RIES 1131"&“3‘?3 = gﬂ’(&w&hé‘fpé?tﬂw aiche eeh tehrapibilily o titeyopliaal pdiv iebed iref f ect
transi stor €tafﬁked 8;:1 e structure with a patterned photoresist top |ayer
prior to gat & "ST¥ErHE¥tching. FIG 2 is a cross section view of an ideal
gate structure after_etching. FIG 3 is a cross section view of a prior art
seni conduct or devi cel! SRbMEGLictive obthisemiestionfto prodide & Wrtidangr ShiotrBg. the
etching process. 5 -10 AUG 2004 FIG 4 is a cross section view of a prior
art semi cBHURHERYeasVs grictysoviling uhtiecutiicf & €48 faiatsader st andi ng. 6 10 AUG
2004

A further object of this invention is to reduce the use of process chemicals that
could possibly have an environmental concern.
In accordance with the objects of the invention a method for anisotropically
_ 'efching a stacked FET gate structure confaining a bottom anti-reflective coating (Barc) laver is
achieved. The structure is covered with a photoresist laver which is patterned to defines the gate
region. The processing chemistry is predominantly carbon tetrafluoride, (CF,) with the inchusion of
chlorine (CL,) where fluorine (F) is genermea m the plasma as the etchant for the structure. During
processing, the wafer is cooled with helium (He) that lowers the wafer temperature and promotes
sidewall deposition which acts as a passivation layer producing a anisotropic etch,
BRIEF DESCRIPTION OF THﬁ DRAWINGS
FIG. 1 shows a cross section through a typical field effect transistor stacked
. gaté structure with a patterned photoresist top layer prior to gate structure etching,

FIG. 2 is a cross section view of an ideal gate structure after etching.

FIG. 3 is a cross section view of 4 prior art semiconductor device showing the

eflects of undercutting during the etching process.



DESCRI PTI ON OF THE PREFERRED EMBODI MENTS Referring to Fig. | a cross
sectional. -view of a partially conpleted integrated circuit is shomniﬂﬁuazm&
substrate 10 conposed of nonocrystalline silicon forms the basis of the
.Structure. Athin silicon dioxide (SiQ) laver 12, typically the gate

oxi de | aver, overlays the substrate 10. This laver 12 may have i thickness
of between 10 and 100 %&§Q1%%iqg this 9. mde dielectric laver 12 is a

pol ysilicon layer 14 which hay B EHmpdSeel Himiosm pagpendugientiewict showing the
phosphor ou have a thickness of between 500 to 2500 A Overl aying

t he poly I%ﬁ%ﬁgTﬁgﬁgegﬁm%ungsten silicide (Wix) layer 16 of thickness

bet ween 500 AND 1500 As an option if required by the design, there can be
on top of this Wix |laver 16 another poly layer 18 sonetinmes referred to
as the ~poly cap ~, typically between 500 and 1000 A in thickness. These

| ayers conprise the essential elenments of the nmultilayer silicon gate

el ement. Layer 20 is the Barc lalver which inproves the photolithography
patterning process and is typically between 100 and 800 A in thickness,
and typically conposed of in inorganic material such as SiOyN, or Ti,N, ...
Layer 22 is a patterned photoresist |ayer used to create a Pattern in the
underlying structure layers. A wafer to be etched is placed between the

| ower and upper electrodes or plates in a transforner coupled plasma (TCP)
drY etch chanber such as manufactured by the Lam Research Corporation. For
the first step, I nomnal vacuumof 10 nT is provided by the chanber
vacuum punp. The tenperature inside the chanber is maintained between about
20 and 65 degrees centigride (0Q During the plasma-on operation the gap
bet ween the | ower and upper electrode plates is preferably between about 5
and 30 cm Chlorine, heliumand carbon tetrafluoride gases flowinto the
chanber through gas feed valves the flowrate of which is <controlled In.
Mass Fl ow Controllers (MFC) which adjust the gas flow according to

el ectronic signals froma conmputer. The nominal flowrate for the Barc.
etch is between about 27 to 33 scciu 7




10 AUG 2004 of chlorine, between about 45 and 55 seen of CF4, and betyeen

about 45 and 55 seen of He. The appropriate nom nal nolar equival ent™ AUG 208k

m xture ratios would be 3:5:5. These quantities can be varied +10%to
all ow for machine and material variations. A suitable radio frequency (RF)
generator with a power of between about 150 and 500 watts is applied. The

first step lasts untilng i ed. _The endpoi nt detector is a
phot odi ode whi ch observas @W%%?@%@BREMW@ NFfocess as neasur ed
in counts. A wavel enghlgfeh%git&gu% utilized by the detector is 405 run.
Wien the Bare |ayer has been etchbdOPHRraeRhYicY REa partlly cempleted mrgiartiensi t y

i NCcreases,; « tinues to increase during the poly cap |aver etch. The
poly cap |"§€‘gﬁ"’ f@%@b%éél}sﬁaet% ?%boﬂnﬂ%%t?g P@H"Clﬁ‘sgﬂmﬁ pilicos tforgns therbesis ofahd can

t heref ore pe..consi.der.e t.i o or the structure. The 100% overetch is
per f or ned Sem&trﬁg't‘f\g%sséhﬁg" %ﬁgdeﬁﬁlﬁ{"éefa’tﬁdﬂm?@}ivﬂ}%ﬂféS’Xid@h}’dnemﬁém'eﬂﬂnd pol y
etches. T m. ssi-Qn . intensity begins to decrease at the poly cap etch
endpoi nt . Q@ﬁ@%??gﬁmﬁ?‘%‘c 4 E"‘y&%ﬁﬂ@@ﬂnqs“e@@’ﬁ“@iﬂ% &0 il 19814, @rveilaving MiS&HERN
intensity BR.PLE ‘vi@f. ers \/\ﬁre processed, and resulted in increasing etch
endpoi nt {1 es: i'é SRIESTirordtver Hhslisiomar beswoinposduf dlidonyasd vifne qual ity of
t he resul tli ng. etched device and device critical dinensions. The process of
the i nven’t’?%ﬁ“’i‘%f“& B han & Gichness plrhetvesi 690 wi2seo Rroveaki@nhd @ty ke 1Y AT | OUs

| ayers as_wel | aﬁi reduces the initial Barc and Bare and poly cap end point
etch t unel™ I CRYEFE OV DdieRts afiiicipeantivesn 10 ANDAsIME. AsAKEHMCI Ng any
potential environmental inpact. The fallow ng sunmarizes the conventi onal
or prior "SIPPYEELIEsiGNtheteisen brean top pibis silese 16 baghdoil D 1@‘.’;&%{1&9- 3 10
AUG 2004 TABLE 1 PRI OR ART: Conventional Bare Etch ProcesS Nom na

Par amet er'§'ced o as the “poly cap’, typically between 500 and 1000 A in thickness. These lavers

comprse the essential elements of the multilayer silicon gate element. Layer 20 is the Barc layer
“which improves the photolithography patterning process and is typically between 100 and 800 A in
thickness, and typically composed of an inorganic material such as 8i,O;N, or Ti.N,. Laver 22 is a

patterned photoresist laver used to create a pattern in the underlying structure lavers

A wafer to be etched is placed between the lower and upper clectrodes or
p]:-lres in a transformer coupled plasma (TCP) dry etch chamber such as manufaciured by the

Lam Research Corporation. For the first step, a nominal vacuum of 10 mT is provided by the |

chamber vacuum pump. The temperature inside the chamber is maintained between about 20 and

o M -, 0, 5
65 degrees centigrade (°C), During the plasma-on operation the gap between the lower and upper

electrode plates is preferably between about 5 and 30 cm, Chlorine, helium and carbon
tetraflnoride gases flow into the chamber through gas feed valves the flow rate of which is

controlled by Mass Flow Controllers (MFC) which adjust the gas flow according to electronic

signals from a COI-TI])UTSI'. The nominal flow rate for the Barc etch is between about 27 to 33 sccm




TCP - 200 BP- 150 TCP 0@@3 2004

art Bare etch Pressure rnTon Power
SEEP ftSO Pl ate Spacing Flow rate seci Wzas c¢cm 8. 150/ CF4 - 100/ He 8. 150/

[ BLE 2 NEW PROCESS:. | nvention
- 8.150/ CF4 - 100/ He Main Bark etch TA _
Ba;LgO/E{_Igh Process Nom nal Paraneters STEP Pressure Power Pl ate Spacing

Toir ow rate sccin/ Gs
of chlorine, between about 45 and 55 scom of CF,, and between about 45 and 55 scem of He.

The appropriate nominal molar equivalent gas mixture ratios would be 3:5:5, These quantities can
be varied +10% to allow for machine and material variations. A suitable radio frequency (RF)
generator with a power of between about 150 and 500 watts is applied. The first step lasts until
the Barc is removed. The endpoint detector is a photodiode which observes the Hght emitted
during the process as measured in counts, A wavelength typically utilized by the detector is 405
nm. When the Barc layer has been etched through, the light emiésion mtensity increases, and
continues to increase during the poly cap layer etch. The poly cap layer is sometimes not required
for the structure , and can therefore be conéidered optional for the structure. The 100% overetch
is performed with the same gas muxture and flow rates as the Barc and poly etches. The emission
intensity begins to decrease at the poly cap etch endpoint. The prior process produced Jess

- discrimination in emission intensity as more wafers were processed, and resulted in increasing
etch endpoint times. This undesirable characteristic could impact the quaﬁty of the 1fesuIting
etched device and device critical dimensions. The process of the invention improves emission
int.ensity discrimination for the various laycfs as well as reduces the initial Barc and Barc and poly
cap end point etch times which also reduces the quantity of fluorine used reducing any potential

environmental impact.

The following summarizes the conventional or prior art process and the new

process described by the invention,




Start Bare etch 10 TCP -

- * 30/ CL2 - 50/ CF4 - ] D A
r1715-(I)-0n|\/tali \r?afsgfk gMOII—|e t he c¢c 30,/Cl,2 - 50/CF4 - 10 TCP 200 S .1
150 Ove 50/He 't h re
TABLE 1

PRIOR ART: Conventional B

arc Etch Process Nominal Parameters

200 8. 18P AUG 2004

STEP , Pressure I Power { Plate Spacing Flow rate sccm/Gas
mTomr Wattg* cm

Start Barc etch I 10 { TCP - 200 { 8.1 50/CF, - 100/He
BP - 150

Main Bark etch 10 , TCP - 200 { 8.1 50/CF, - 100/He
BP - 150

Overetch 10 I TCP - 200 l 8.1 50/CF, - 100/He
BP - 150

TABLE 2

r NEW PROCESS: Invention Barc Eich Process Nominal Parameters
STEP ! Pressure Power Plate Spacing Flow rate sccm/Gas
mTorr Watts* cm

Start Barc etch 10 TCP - 200 8.1 30/CL, - 50/CF, -

‘ BP - 150 . 50/He
Main Bark etch [ 10 TCP - 200 8.1 30/CL, - 50/CF, -

. BP - 150 50/He
Overetch 10 I TCP - 200 ! 8.1 30/CL, - 50/CF, -

) BP - 150 ' 50/He

*NOTE;: Etching power (watts); TCP = Transformer Coupled (rop) Plate; BP Bottom P]ate
Barc etch endpeint time in seconds as monitored by the optical detector with a
t},fpiczil wavelength of 405 nanometess (nm) is shown below for the previous process and the few
process described by the invention. It is noted that for the previous process the vaniation in etch
end point times varias ﬁom 50 seconds to 77 seconds over 15 wafers, a nominal 54 percent

change in end point time. The process of the invention varies nominally by + two seconds or

typically less than 6% over a run of 15 wafers. It should be noted that the new process takes less



c 30/CL, - 50/CF4 - 10 TCP - 200 8.1 BP - 150 * NOTE: Et 50/He hi c¢ BP =
Bottom Pl'ate ng power (watts); TCP = Transformer Coupled (top) Plate;3 BakUs 2004
etch endpoiint tine in seconds as nonitored by the optical detector with a
~typical wavel ength of 405 nanoneters (nm is shown bel ow for the previous
process and the new process described by the invention. It is noted that
for the préwetusommloetesichhBhividsitiedt jodsmtiiifo E&]ﬁ&ieﬂﬁ“ %@Qﬂaﬂa td MBER tﬁ@ﬂﬁ&nﬁrom
50 seconds to 77 seconds over 15 wafers, a nomi nal 54 percent ange |

end poi nt bf gne beifipesedr dsieas: DfibhtBefol BERtIRBMLAT: |

seconds or typically less than 6% over 611 rug%qh?%x@/@{%?@ el“ﬁ%h%t“m be
not ed t hat cffdee new process takes less 9 10 AUG 2004 tine to conplete the
etch. This has the potential to inprove throughput and to reduce the anount
of gas being used, desirable attributeg cost inprovenent and to reduce
the environnental effect. TABLE 3. PR ART: Bart etch endpoint tinmes'"

vs. the nunberiok M ok ROGRIFs T dimes™ vs. the number of wafers processed. |
Wafer number 1 2 5 10 12 15
Barc structure endpoint 50 52 55 64 66 77
| etch time (sec.). A
TABLE 4

NEW PROCESS: Barc etch endpoint times™ vs. the rumber of wafers processedj

Wafer number 1 2 5 10 12 l 15
Bayc structure endpoint - 35 33 34 35 36 36
cich time (sec.) '

ES
NOTE: Times are typical and repr esentative, but can vary from lot to lot due to normal potential
variation in power, flow and other processing parameters.

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 and scope of the

mvention.
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Wafer nunber 1 2 5 10 1215 Bare structure endpoint 50 1 52 55 1 64 66 77
etch tinme (sec.). TABLE 4 NEW PROCESS: Bare etch endpoint tinmes' vs.18hgc o
nunber of wafers processed. Wafer afer nunmber 1 2 5 10 12 15 | Bart
structure endpoint 35 33 34 3 Z! -]- 5 36 36 etch tine (sec.) NOTE Tines
are typical and representative, but can vary fromlot to |ot due to normnal
potential wvariation in power, flow and other processing paraneters. Wile
the invention has been particularly shown and described with reference to
the preferred enbodi nents thereof, idlaiwsl| be understood by those skilled
in the art that various changes in formand details may be nade w thout
departing fromthe spirit and scope of the invention. 10

L. The process of etching a first and second layer on a multilayer self aligned

gate structurc on a suitable substrate through a patterned resist layer which will have a
repeatable end point and reduced etch end point time which process comprises:

etching said layers with a gas flow mixture of chlorine (Clp) and carbon
tetrafluoride (CF3) and helium (He) gases into a plasma reactive etching chamber -
containing said gate structure;

detecting the etch endpoint of said first layer;

etching said second layer of said gate structure with the same gas mixture;

detecting the endpoint of said second layer etch;

performing a 100% over etch to assure no residue of said layers remains;

completing the etching and fabrication of said gate structure.

2. The process of claim 1 wherein said first layer is an inorganic bottom

antireflective coating layer (Barc) composed of SiO,N, to a thickness of between 100
and 500 A.

3. The process of claim 1 wherein said second layer is a polysilicon (poly)
layer to a thickness of between 500 and 1000 A.

11




10 AUG 2004 C ainms 1. The process of etching a first and second | ayer on a
multilayer self aligned gate structure on a suitable substrate throqghA@G 200
patterned resist layer which will have a repeatable end point and reduced U
etch end point tinme which process conprises: etching said |ayers with a gas
flow m xture of chlorine (C2) and carbon tetrafluoride (CF4) and helium
(He) gases into a plasna reactive etching chanber containing said gate
structure; detecting the etch endpoint of said first |ayer; etching said
second | ayer & saildiegaicesssificlaihUrveherdin thetfhay sfsakl Qs hewdenrneand det ect i ng

t he endposi 19 of said second |ayer etch; performng a 100% over etch to
assure no residue of said |ayers remains; conpleting the etching and
fabrication of said gate structure. 2. The process of claim1l wherein said
first layer is an inorganic bottom antireflective coating |ayer (Bart)
conposed of Si XOyNZ to a thickness of between 100 and 500 A. 3. The

process of claim1l L i I i | ysilicon ly) layer
to a thi cknesg5 of tr)[\eﬂt(?3 %@EQS%giagﬂgqggﬁ%h&@qgwfgsai%égﬁ%%ﬁéﬁf%még%rocess of
claimi1 vi8sedm the flow of said Cl12 is between 10 and 100 stem 5. The
process of claim1 in which the flow of said CF4 is between 10 and 100
sccm

6. The process of claim 1 in which the flow of said He gas is between 10 and
200 scem., |

7. The process of claim 1 whereby the molar ratio of said Cl, to CF4 to He is
3:5:5.

8. The process of claim 1 in which during the flow of said gases the radio

frequency power of said plasma reactive etching chamber is between 100 and 500 watts

for an upper plate, and between 50 and 500 waits for a bottom plate.

9. The process of claim 1 in which said etch chamber is a vacuum chamber

and has a vacuum of less that 100 mT and a temperature between 20 and 100°C.

10.  The process of claim 1 whereby the wavelength of a photodiode optical

detector used to detect etching endpoints is between 200 and 500 nm.

11.  The process of etching a SAG gate structure from a multilayer structure

patterned with photoresist on top of a first layer consisting of a Barc material, and a

12




6. The process of claim1l in which the flow of said He gas is between 10

and 200 sccm 7. The process of claim1 whereby the nolar ratio of 39 dyg 2008
Cl2 to CF4 to He is 3:5:5. 8. The process of claiml in which during the

fl ow of said gases the radio frequency power of said plasma reactive

etching chanber is between 100 and 500 watts for an upper plate, and

bet ween 50 and 500 watts for a bottomplate. 9. The process of claim1l in

whi ch said etch chanber is a vacuum chanber and has a vacuum of |ess that
100 nT arsdcandtlesrep evrmisting obpdlyekern2@p amiticd 80Cprotéss mihienipas@e eminatescl ai m 1

wher eby the vel.enqgth of .a.photodi ode optical detector. used to detect
et chi ng etﬂ%%r\({%?eﬁctub g fgléﬁ%%sﬁlpcfﬁgaygﬁangﬁﬁﬁmﬁes éi’f.c émb‘?%]&]éggmﬁ?sset ching a
SAG gat e cohgistebfire froma nmultilayer structure patterned wi th photoresist

on top of a first layer consisting of a Barc material, and a 12 second
| ayer consisting of polysilicon cap, which said process mnimzes or

elimnates —tREMHIASIOUT LI Wi 4 O R Ak SPILANGTL6 Gl zes Bar C

etch time which process consists of. etching sal ayer with a gas
fl ow m xttefradlugfide ((TTay amchelighHe pabes itdoo plasme tanatiteutehingecho@bd) and hel i um
(He) gas .nto a.plas eactive etching chanber containing said gate
structurzc;%nt(%@l&staafd;%a%?%e cé’F%’h endpoi nt of said first |ayer; etching said
second | ayer of said gate structure with the sane gas m xture; passivating

a sidewall wth a_polyrreh coat i n% created by the fluorine based species
whi | e cool i ng dFigeting the tch cadrgte! pd frglavaing an ani sotropic etch profile;

etching said second layer of said gate structure with the same gas mixture;

passivating a sidewall with a polymer coating created by the fluorine based

species while cooling the structure with He providing an anisotropic etch profile;
detecting the endpoint of said second layer etch;
performing a. 100% over etch to assure no residue of said layers remains;

completing the etching and fabrication of said gate structure.

12, The process of claim 11 wherein said Barc layer is composed of Si,O,N,

to a thickness of between 100 and 500 A.

13.  The process of claim 11 wherein said second layer is a polysilicon (poly)
layer to a thickness of between 500 and 1000 A.
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detecting the endpoint of said second | ayer etch; performng a 100% over
etch to assure no residue of said |ayers remains; conpleting the ekaggw%
and fabrication of said gate structure. 12. The process of claim11l ot
said Barc | ayer is conposed of Si XOyNZ to a thickness of between 100 and
500 A. 13. The process of claim 1l wherein said second |layer is a
polysilicon (poly) layer to a thickness of between 500 and 1000 A. 13 10
AUG 2004 14. The process of claim 1l wherein the flow of said Cl2 is

bet ween 10 and4 100hseeavessis claithd 1 prhooss thedfovcdizrin Al isitetwdeh d B ahdie | ow of
sai d CF4 4 Jbgtween 10 and 100 sccm 16. The process of claim 1l in which
t he flom/o €ai'd He gas is between 10 and 200 seem 17. The process of
claim1l whereby the nolar ratio of said Cl2 to CF4 He is 3:5:5. 18. The
process of claim 11 whereby the flow of said cooling He is between 10 and
200 sccm 19. The process of claim 11 in which during the flow of said

gases the radiig, fragyueiies ewsh 194 @ﬁiﬁﬂﬁ)&ﬁ&v@fé?@ hamber i s
bet ween 100 and 500 mgtts for anibppgr pl at e, 5hd@ eﬁﬁggﬁgggﬁgﬁg 500

wat ts forl08sprst om plate. 20. The process of claim 1l in which said etch
chanber is a vacuum chanber and has a vacuum of |l ess than 100 ml and a
t enperature between 20 and 100C.

16.  The process of claim 11 in which the flow of said He gas is between 10

and 200 scem.

-

17.  The process of claim 11 whereby the molar ratio of said Cl, to CF; He is
3:5:5.

18.  The process of claim 11 whereby the flow of said cooling He is between
10 and 200 sccm.

19.  The process of claim 11 in which during the flow of said gases the radio
frequency power of said plasma reactive etching chamber is between 100 and 500 watts.

for an upper plate, and between 50 and 500 watts for a bottom plate.

20. The process of claim 11 in which said etch chamber is a vacuum chamber

and has a vacuum of less than 100 mT and a temperature between 20 and 100°C.

21.  The process of claim 11 whereby the wavelength of a photodiode optical
detector used to detect etching endpoints is between 200 and 500 nm.
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21. The process of claim 11l whereby the wavel ength of a photodi ode opti cal
detector used to detect etching endpoints is between 200 and 500 nm 434ad® 7004
AUG 2004 22. The process of etching a SAG gate froma nultilayer structure
containing a top first Barc layer followed by tungsten silicide,

polysilicon and gate oxide |ayers which process mnimzes the variation in
structure critical as well as dinensions as well as preserving the proper
integrity of the nmultilayer elenents by producing a well controlled Barc

et ch whi ch pr 3éess Thenmicassf gichingtadHi G gats dioch 4 innktlayBastoichay eentaining a gas

fl ow m xt lorl I,bo tetrafl uori de 4) and helium
( He) gasg§5§ﬁﬁgB§16%ééﬁglo§% é@r@%ﬁg% héc}d%t%%ysé]ilwpﬁa §§98X&§i‘i})§rsst ructure;
det ect i ngvhittepretash mimidyiaes e afiagai @ stiuctate Baical 2k ayelRs ditdkiongasaéld gat e

structure with He to enahle sid | ssivation from polynmer created by
sai d fl ud? P e@%&%‘%@%ﬁr@ﬁ?%&%ﬂ%ﬁﬁ“ﬁ%ﬁ YFAG LG HATERG BPFL etch profile;

per f or M rgntol AEWAONEE which rd@sAmaiE® of0 residue of said first |ayer
remai ns; conpleting the etching and fabrication of said gate structure. 23.
The process of claim?22 wherein said first Barc |ayer is conposed of Si> Oy

NZ to a thickpgs i - he progass of ¢l aim 22
wherein the fl gcwﬁlg]g Elg gﬁ %P%%la%%q%@?%%g&l éﬁgre 0%8@055%@5%8 Cﬁrﬁ%n process
of cl ai mtettiuprigh{@h) artdenelibowllef gaed wicCRdlasisa &eting elmni@r amdainih@Gaigeem 15

gate structure;
detecting the etch endpoint of said first Barc layer;

cooling said gate structure with He to enable.sidewall passivation from polymer

created by said fluorine species during etching providing an anisotropic etch profile;
performing a  100% over etch to assure no residue of said first layer remains;

completing the etching and fabrication of said gate structure.

23. The process of claim 22 wherein said first Barc layer is composed of SixOy
N to a thickness of between 100 and 500 A.

24.  The process of claim 22 wherein the flow of said Cl, is between 10 and

100 scem.

25. The process of ¢laim 22 in which the flow of said CIy is between 10 and

100 scem.
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10 AUG 2004 26. The process of claim?22 in which the flow of said He gas is
between 10 and 200 seem 27. The process of claim 22 whereby the nofl 8rAUG 2084
ratio of said Cl2 to CF4 to He is 3:5:5. 28. The process of claim 22
whereby the flow of said cooling He gas is between 10 and 200 seem 29.
The process of claim22 in which during the flow of said gases the radio
frequency power of said plasma reactive etching chanber is between 100 and
500 watts for an upper plate, and between 50 and 500 watts for a bottom

pl ate. 30. Th&6pr odés yrogesself aiaim 22 in whishitlehlleabisagt Hb catiabitered 50 a vacuum
chanber aﬂ@%@@%ﬁnﬁ vacuum of | ess than 100 nT and a tenperature between 20
and 100C. . e 'process of claim22 whereby the wavel ength of a
phot odi ode optical detector used to detect etching endpoints is between
200 and 500 nm 16

27. The process of claim 22 whereby the molar ratio of said Cl, to CF, to He
is 3:5:5.

28. The process of claim 22 whereby the flow of said cooling He gas is

hetween 10 and 200 scem.

29.  The process of claim 22 in which during the flow of said gases the radio
frequency power of said plasma reactive etching chamber is between 100 and 500 watts

for an upper plate, and between 50 and 500 watts for a bottom plate.

30.  The process of claim 22 in which said etch chamber is a vacuum chamber

and has a vacuum of less than 100 mT and a temperature between 20 and 100°C.

31.  The process of claim 22 whereby the wavelength of a photodiode optical
detector used to detect etching endpoints is between 200 and 500 nm.
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