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[ 0001] The present invention relates to an i nproved nmethod for plasma
etching a bilayer resist in the fabrication of sem conductor devices.

[ 0002] The performance of today's integrated circuit chips is related to

t he di mensi ow® X966/a0i@3 transi stors and w ring i nterconnekC U0 11eR09
integrated circuits. As the dinmensions of the transistors and wiring

i nt erconnects continue to shrink, the ability to pattern snmaller features
using photolithography has been a primary factor driving the success of the
integrated circuit D/FQR)BIBJAYBR&&ESIS}TB@I&@SM%}’B@%% i nvol ve the
use of |ithography i rragr ng tools and photoresist materials. The m nimm
resol ution achievable with the lithography inmaging is governed by the

m ni mum resol ution for an exposure Bifretrédigt h and a resol vi ng power or

nunerical aperture of a lens ?% Vesls BYd g 11 thography imaging tool.
A shorter exposure wavel ength for arger nuneri cal aperture often

results in high resolution RCRE}%%VUNEJQ)IPfﬂ{IE‘iNWIbW patterns in a resist
film However, decreasing t%‘?WT‘e‘ngrh‘Ul"'W%r ng the nuneri cal
aperture often results in a decrease in the depth of focus (DOF), thereby
requi ri ng t HBOHEEberpwsnt la‘f?ﬂt“tl’rfélatehf%ﬂ?n@g@“@fmﬁttw O’iﬂt%“?tﬂreé‘%li”gta bFIF‘Yel"'rfeS’[stOM

Sinply reduqhﬂgf;bﬁeatfoﬁbpggmﬁd@{mameg esist filmto enhance resolution is
effective up.tg a certain point, This point |s C en the r
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pl anari zi ng . I&X@) di sposed over a wafer or substrate, and a relatively
thin upper res) | ayer, or inmaging |ayer, disposed on top of the | ower
resist | ayerIOGWh%hotqérttegrapiasprg(tessleaylemivq 1ge rmatOf Bthemephlyympgigghipole apstizheioessigind
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mask for | ng t ower resist layer Fesist pattern
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order to prQVideysarf fsb&h el 1i@bsRpHyeRhStABAE AlBokd @xRRE walR&ighlfol AXREr When
the bilayer numerical aperture often results in high resolution in order to print smaller patterns in a resist
film. However, decreasing the wavelength or increasing the numerical aperture often results in
a decrease in the depth of focus (DOF), thereby requiring the reduction and the thickness of the
photoresist film,

[0004] Simply reducing the thickness of the resist film to enhance resolution is effective up to a
certain point. This point is reached when the resist becomes too thin to withstand subsequent
etching processes that transfer the resist pattern to one or more layers under the resist film. In
order to overcome these problems, bi-layer resists have been developed to extend the
photolithography technology. A bilayer resist film typically includes a relatively thick lower
resist layer (also referred to as a masking or planarizing layer) disposed over a wafer or
substrate, and a relatively thin upper resist layer, or imaging layer, disposed on top of the lower
resist layer. The upper resist layer is patterned by light exposure and subsequently developed.
The resulting upper layer pattern is used as a mask for etching the lower resist layer. In this
way, a resist pattern with high aspect ratio can be formed in the bilayer resist film.

[0805] In order to provide sufficient etch resistance to the upper resist layer when the bilayer

resist undergoes a lower resist layer etching process, silicon is typically incorporated into the



resi st undergoes a lower resist |layer etching process, silicon is typically
i ncorporated into the WD 2006/ 004693 PCT/ US2005/ 022809 2 upper resi st

| ayer. Since the | ower resist layer is typically made of organic polyners,
an oxygen-based plasma is usually used to etch the | ower resist |ayer,
using the patterned top resist |ayer as a nmask. Thus, while the | ower
resist |ayer W&2B¥I%Y3et ched in the oxygen based pl asmma, PCEUSEEHR2809
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etch alternative anisotropic etching conditions when etching a bilayer resist.

SUMMARY OF THE INVENTION

[6008] Broadly speaking, the present invention fills these needs by introducing a scheme for
providing anisotropic etching conditions for etching a bilayer resist. It should be appreciated
that the present invention can be implemented in numerous ways, including as a process, or a
method. Several inventive embodiments of the present invention are described below.

[0009] A method for etching a bilayer resist defined over a substrate in a plasma etch chamber
is provided. The method initfates with introducing the substrate having a pattern defined on a
first layer of the bilayer resist into the etch chamber. Then, SiCly gas flows into the etch
chamber. Nexi, a plasma is struck in the etch chamber while flowing the SiCly gas. Then the

bilayer resist is etched.



chanmber. Next, a plasma is struck in the etch chanber while flow ng the

Si C14 gas. Then the bilayer resist is etched. W 2006/ 004693

PCT/ US2005/ 022809 3 [0010] A nmethod of controlling critical dinmension bias
during a bilayer resist etch in an etch chanber is provided. The net hod
initiates with striking an oxygen based plasma in a chanber while flow ng
Si O 4 gas i n?® ¥H%Banber. Then, a plasna density is nmaP&EVHPHEPEEE ween
about 1x109/cnB and about 1x10'2/enB8. The bil ayer resist is then etched.
[0011] It is to be understood that the fioregoi ng general description and
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princi pl es dx10/ew’ end\nbont iLe\g. cpO0Timy bileyey epsist is theweteghedchenatic i1l ustrati on of

a stack of IaYersS i v uidehstdoMab HRFHE AR RAA debPiptidiOmAtRGfofowhakibemdt r ench
isolation feature. [0014] Figure 2 Is a schematic illustratjon of a shallow

trench et chilfigriRsion s exciiepetiy PRIBnatH by B 8t PeGSEARE of Ne¥eHghe®heen
renoved andgkiaeqdsilicon nitride and pad oxide | ayers have been etched

t hrough. [0015] Figure 3 is a schematic illustration of a shallow trench
isolation feature etched i|BRErDESIHIPE@N SEiDEE DalVINGE016] Figure 4 is a
phot om crograph of shallow trench 1solation features having a bowed, .
profile andf@gﬁt?@n‘l‘?ﬁ%@a%ﬁ ERVIEH O IAPh preginFQEPatateds Ny atish eADSHRME (R3E U phis of

shal | ow tr epgbificaphativeftd eadnles aftelia@nii dfhha iSidnti@Dand cogtial niitg tgas.
[0018] Figure 6 js a photon crograph af shallow trench isolation features
whi ch' i ncl ude&°RRigns OBﬁé%%ﬁ?PgﬁﬁgﬁﬁgﬂwﬁaﬁTﬁT'Figure 7 is a schematic of a
si i con subfiblst@ahaviing séhembtrclusthtidnagfer Sack lvé layen opral slicoh eubstae pyiomig out a
gate etch. googo igure{%ikﬁﬁa %%ﬁgnatic illustration of a silicon

substrate h&rhg SPPESA AR g™ 2RE polysilicon Iayers thereon etched

t hrough to H0tétTeguwxRdea schematic illustration of a shallow trench efching process wherein the

photoresist and BARC layers have been removed and the silicon nitride and pad oxide layers
have been etched through.

[0015] Figure 3 is a schematic illustration of a shallow trench isolation feature etched into a
silicon substrate.

[0016] Figure 4 is a photomicrograph of shallow trench isolation features having a bowed
profile and subtrenched bottom.

[6017] Figure 5 is a photomicrograph of shallow trench isolation features etched with a silicon-
containing gas.

[0018] Figure 6 is a photomicrograph of shallow trench isolation features which include top
and bottom rounding.

[0019] Figure 7 is a schematic of a silicon substrate having a stack of layers thereon prior to
carrying out a gate etch.

[0020] Figure 8 is a schematic illustration of a silicon substrate having silicon nitride and
polysilicon layers thereon etched through to a gate oxide.

[0021] Figure 9A is a simplified schematic diagram of an etch profile without the use of a
silicon containing gas in the efching gas mixture during the over etch step.

[0022] Figure 9B is a photomicrograph of an etched gate feature with CD control.



[0021] Figure 9Ais a sinplified schematic diagram of an etch profile

wi thout the use of a silicon containing gas in the etching gas m xture
during the over etch step. [0022] Figure 9B is a photom crograph of an
etched gate feature with CD control. WD 2006/ 004693 PCT/ US2005/ 022809 4
[ 0023] Fi gure 10 is a sinplified cross sectional schematic diagram

i 11 ustrating™® 4l%ddped gate structure that has been ECEREWITNRHOA
silicon containing gas utilized to mtigate etch rate differences caused
by the dissimlar doping regions. [0024]4Figure 11 is a sinplified
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DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS

[0030] Several exemplary embodiments of the invention will now be described in detail with

reference to the accompanying drawings. In the following description, numerous specific
details are set forth in order to provide a thorough understanding of the present invention. R
will be understood, however, to one skilled in the art, that the present invention may be
practiced without some or all of these specific details. In other instances, well known process
operations have not been described in detail in order not to unnecessarily obscure the present
invention. Figures 1-11 discuss the use of silicon for shallow trench isolation etch applications
and gate etching applications. Figures 12-15 discuss embodiments directed to the use of SiCly
for etching bilayer photoresists.

10031] Many plasma etch applications rely on the generation of a passivation layer to obtain the
desired feature profile. The primary mechanism for profile control involves the balance of efch
and deposition reactions. The etch reactions are generally directly controlled by the reaction

chamber parameters such as input power, pressure, and gas flows. In plasma etching of silicon



for etching bilayer photoresists. [0031] Many plasnma etch applications rely
on the generation of a passivation |layer to obtain the desired feature
profile. The primary mechanismfor profile control involves the bal ance of
etch and deposition reactions. The etch reactions are generally directly

controll ed by t| on chanber paraneters such as i ower ,
pressure, andeqg%Jfbﬁ In plasma etching of silicon V\D‘gﬁﬂﬁ%@%@
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gas cheni st r pEQenipmgargindigelyeongplisdayer is primarily made up of Si.BryQz, .

gor CICléZ 02 (ej%oghz] Fas siahiemiushdhi 8 ,gaﬁa fagpmatﬁﬁg wamn@rbtdlhaga%hdnﬁsﬂaésl a}eﬁ%ehy mde of
I XAy er C nst i sivation layer can, inclu

S F Wor eotPendi g RE-Dafcn i CHPRG o1 Der e BRI ERR tb e

material s suiBra®. GuaCk chmmm%ﬁmeswie@hssiveucﬁﬂ lhyeﬁmpnnﬁmyfmdalypf sigtipd,s ar e

I ncor por at ed hQr B gx%%m@ %13‘31' VaSt Qnon le}yéry céiP érkgxge §I] SA%ta Pl ﬁfobefovmaas%vrgsg}t' i‘ li con

can be incor or at & assrvation | ng ST 19
sources suc hetdsngsqflﬂhcenwv\falf ard®r ghaiter methdaiberxh pngert absponSus vokiileisdom

sources are et g%yar@m ﬂ?&&t@d&%@ﬂeﬁgsﬁwﬂﬁi §ie|rrect ly controlled by the

etch gas chem Mor eover , volatife silicon etch byproducts are
transported fp?%‘ﬂnAts g% 14ipgdeaboesy pifiepnesan btmwmrﬁed inanassiationelpsessigue to glchiog of
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byproducts on the wafer surface. This can_lead to non-uniformsilicon
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t ors..
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pl asma etch react or describ I n conmonl Pat ent 0, 304.
[0035] The piskésdsorfaledjadustiyaly @aplethlaim@ TERFIOF. il FeeFetyg oo TsPaaenss (UBS Ra

react or mai Plaghd4@ebtd a Belicon plasma reactor, or the like. An example of a high flow plasma reactor
which can provide a high density plasma is disclosed in commonly owned U.S. Patent No.
5,820,261, The plasma can also be produced in a parallel plate etch reactor such as the dual
frequency plasma efch reactor described in commonly owned U.S. Patent No. 6,090,304,
[0035] The process may be carried out in an inductively coupled plasma reactor maintained at a
desired vacuum pressure by a vacuum pump connected to an outlet in a wall of the reactor,
Etching gas can be supplied to a showerhead or injector arrangement by supplying gas from a
gas supply to a plenum extending around the underside of a dielectric window. A high density
plasma can be generated in the reactor by supplying RF energy from an RF source to an
external RF antenna such as a planar spiral coil having one or more turns outside the dielectric
window on top of the reactor. The plasma generating source can be part of a modular mounting

arrangement removably mounted in a vacuum tight manner on the upper end of the reactor.



desired vacuum pressure by a vacuum punp connected to an outlet in a wall
of the reactor. Etching gas can be supplied to a showerhead or injector
arrangenment by supplying gas froma gas supply to a pl enum ext endi ng
around the underside of a dielectric window. A high density plasm can be
generated in actor by supplying RF energy froman RF source to an
ext er nal gﬁ?gﬁﬂﬁu &ch as a planar spiral coil having J&%d/USE0ONBT28%% ur ns
out si de the dielectric w ndow on top of the reactor. The plasm generating
source can be part of a nodul ar nounting® arrangenent renovably nounted in
a vacuum ti giése n@ag e Ry H@é&%ﬂ@r{‘fﬂe %facth d s%gﬁlta@rsupp%s Oﬁ/aqgrﬁﬁ’e?@r
PCT/U82005/0228 X waf er may be supported hin the reactor on
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vacuum pressure by vacuum punp connected to 'an outlet in a wall of the
reactor. Et&HRg "@%n’éaﬁf %@S%Wﬁ?l}uéwr%saurab%m%@m eHEP BPBELTHia&" BYS Bigpl yi ng
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shower head @&Festgplien nﬁyorbmareRE G:dulfdeﬁ:a)l the/shgwatisud e tcipotd aRoneﬂ:e)ﬁgm ehtirddao
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rate for th asma so etc. reactor pressure is-preferably
mai nt ai ned é@pe@si Prnefpetprs smbtaaﬁxbéfpﬁofplmtr@ﬁcmm@ rewpet sEines, tervagune presqge or . | n

general, tOgehQWoR e QRS RhioRLASBMLEpIIEY: b 0 Pl asma extingui shment,

[0039] The reactor pressure is preferably maintained at a level suitable for sustaining a plasma

in the reactor. In general, too low a reactor pressure may lead to plasma extinguishment,
whereas in a high density etch reactor too high a reactor pressure can lead to the etch stop
problem. For high density plasma reactors, the reactor is preferably at a pressure below 100
mTorr.

{0040] The substrate support supporting the semiconductor substrate undergoing etching
preferably cools the substrate enough to prevent deleterious side reactions such as burning of
any photoresist on the substrate and formation of undesirable reactant gas radicals. In high and
medium high density plasma reactors, it is sufficient to cool the substrate support to a
temperature of -10 to +80° C. The substrate support may include a bottom electrode for
supplying an RF bias to the substrate during processing thereof and an ESC for clamping the

substrate. For example, the subsirate can comprise a silicon wafer which is electrostatically



whereas in a high density etch reactor too high a reactor pressure can |ead
to the etch stop problem For high density plasma reactors, the reactor is
preferably at a pressure below 100 nfTorr. [00401 The substrate support
supporting the sem conductor substrate undergoing etching preferably cools
t he substrate“ﬁng&%g&%g prevent del eterious side reactions such as burning
of any photoresist on the substrate and formati on of undBSTESRPE2RBACt ant
gas radicals. In high and nediumhigh density plasnma reactors, it is
sufficient to cool the substrate support to a tenperature of -10 to +80 C.
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on a silicon wafer, the photoresist 18 WI i nc ny openi n
cor r espondi nltf-f‘{’aa*he desired trench locations. The silicon nitride |ayer
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nitride |layer can_ be and seem or 4
seconds whi leishedaivigh gprﬁc:ﬁg G apd 389 sccm Ar for 44 seconds while maintaining the wafer

temperature at about 60° C. After that, the photoresist and BARC are stripped using a chamber
pressure of 10 mTorr and 1000 watts to the antenna. The photoresist may be siripped using 200
sccm O3 for 45 seconds.

[0043] As a result of the strip step, the BARC and photoresist layer have been removed and
areas of exposed silicon have become oxidized from the O, plasma. In an exemplary process,
the chamber is set at 5 mTorr and 350 watts power is supplied to the antenna. The oxidized
silicon is etched using 50 sccm CF4 for 7 seconds while maintaining the wafer temperature at
about 60° C. Next, the silicon substrate may be etched with the chamber pressure set at 50
mTorr and 1000 watts power being supplied to the antenna. The bottom electrode may be
supplied about 220 watts power and the efch gas can include 125 sccm Cly, 14 sccm Qs and 14
scem Nz while maintaining the wafer temperature at about 60° C. In order to provide desired

rounding and/or profile and/or CD control, a silicon containing gas such as SiCl; can also be



tenperature at about 60 C. After that, the photoresist and BARC are
stripped using a chanber pressure of 10 mlorr and 1000 watts to the
antenna. The photoresist nay be stripped using 200 sccm 02 for 45 seconds.
[0043] As a result of the strip step, the BARC and photoresist |ayer have
been renoved and areas of exposed silicon have becone oxidized fromthe 02
plasma. In aWOXMBIEFy process, the chanber is set at BCHW&PSGHY® 350
watts power is supplied to the antenna. The oxidized silicon is etched
using 50 seem CF4 for 7 seconds while n®intaining the wafer tenperature at
about 60 C. k hanher
pressure set&%&mg‘%}%ﬁ% Aﬁé}g %%ﬂg%?é&%%%g%%e?ﬁgg%%} gﬁ%%t eﬁ
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mai ntai ning the warer te erature at about 60 C. In order to (Prow de
desired roSitd Zﬁ‘émalhtﬂ Be g&* &ts: | & Shawn &t Figme dofle tgnches;haye i boyRd BSHEA i ng

gas such asggilcfeCdfod!. Senphse ¥ €1 2AMLAH BD)RE. bﬁdﬁ?&%&mmbm&eawed to
the etch gas, After forming the trench structure 24 as shown '% 8’8
i zed
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As shown in HE R S%f"ﬁ%mt 8’%8 ‘ﬁ%\?gwfra{g 6%\9/\/8’3? Cg’r Sccénrllg (ﬁ‘stFﬁ fegétnlghed
bottons. | nwpm@ﬁicmgnaph cﬂhpemhdmnmemmv(r@@mﬂmtopg midluoeoms)a\iamtultaémsmea
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phot om crograp ere trenches havi ng r ounded t ops and bottons as a

result of u¥kAgs®WA §119k| laysh obrabsiicon Hya gelsA disk lagr Pﬁ%ll@l‘iéllltfléﬁ/\?’se P ActPOBt ch.

[00451 Fi gugegicK !@@Fj oB pHJt&es?é% %Wcﬁ Sad 8&h§meahal toVﬁicIﬂfie @ dihﬁig@ 401tGdtein AS
shown in Figure 7 i con wafer 30 incl ugizbs a st.ack g%re?rrz ther eon

whi ch i ncl u‘ii’é@sl’&n% tﬂﬂi"ﬂf}%aﬁoﬂ’sé?;g}e ggfe elslki {shovigbe appregipad ﬂatttH‘?
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thic ayer ot oresi st er ne eni ngs
40 ¢ her of n heGHRbSL SHERY R RETROL AP EReSDR Phli svabdls BRPHEToaRa be
appr eci at echdtinat, tﬁd‘tﬁmh&ssrofelﬁe Haﬁy:eraydrmay ho300 A, ror g chthad smtableclmknmst fiidle. For
exanpl e, one_s a reC| at.e that gate
appl i cati on ?“%glfc Ol?emélgr?edl 7 ox emfﬁuﬁ’iﬂ 'gr Skt 5%ﬁtmoc>%'§er§| iR {%ﬂ% 140

addi tion, tz’_nalytohermigaé@eormﬁpctnldmg bethe q’ieenredliayewnsrmﬁymﬁetesaoo A or any ot her
suitable t %&&P%ﬁ%xm‘)m&%!%mcess of a gate etch is as follows. Initially, a frimming step is carried

out with the chamber pressure set at 15 mTorr and the antenna power set at 400 watts. The etch

gas for the trimming step can include 30 scom HBr and 10 scem O;. Then, the silicon nitride
layer 36 is etched with the chamber set at 10 scom CF4 to provide an opening in the silicon
nitride layer 36 corresponding to the opening 40. Then, the polysilicon is efched in four steps
which includes a breakthrough step, a first main etch, a second main etch and an over etch. In
the breakthough step, the native oxide present at the surface of the silicon is etched because
some chemistries, e.g., HBr, do not etch the Si0; easily or uniformly. It will be apparent to one
skilled in the art that where the chemistry contains CFy, the use of a breakthrough step is not
necessary. In the first main etch, the chamber is set at 10 mTorr and the antenna is set at 800
watts power. The etch gas includes 50 scem Clz, 175 scem HBr, 60 scem Cf; and 5 sccm Oy
In the second main etch, the chamber is set at 30 mTorr and the antenna is set at 350 watts. The

etch gas for the second main etch includes 300 scem HBr and 3 scem O, In the over etch, the



a single opening 40 is shown in Figure 7, in etching gate structures on a
wafer there will be nmany openings 40 corresponding to the desired

| ocations of the gates. [0046] An exenplary process of a gate etch is as
follows. Initially, a trimmng step is carried out with the chanber
pressure set @Wﬂggrr and the antenna power set at 400 watts. The etch
gas for the t 31 tep can include 30 sccm HBr and 10P§&ARP9%92248en, the
silicon nitride layer 36 is etched with the chamber set at 10 sccm CF4 to
provide an opening in the silicon nitrite |ayer 36 corresponding to the

openi ng 40. Fhgw istdBeat ROy dn@% an&meat@a@ghddrsob%&s ﬁéﬁd@s Th¥VBick BasliR@leudes a
br eakt hrough step, a first main a se ond_nmai g t‘dh% nd an over etch.
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One skilled in the art will appreciate that the halogen may be dependent on the etch chemistry.

Here, the first two etch steps incorporate silicon into the passivation layer from the substrate
throngh reactions involving etch byproducts. However, at the end of the polysilicon etch,
during the over-etch step, the silicon-based byproducts are depleted due to the depletion of
silicon material to be etched, At the same time, the etching species concentration is increased.
As a result, little passivation is created during the over-etch step and the existing passivation at
the base of the line can be attacked by the etching species resulting in notching of the
polysilicon line. However, the addition of silicon during the over-etch step will replace the
depleted silicon previously supplied by the silicon material being etched.

[0049] Figure 10 is a simplified cross sectional schematic diagram illustrating an etched dual
doped gate structure. Here, gates 110 are composed of n-doped polysilicon, while gate 112 is

composed on p-doped polysilicon. It should be appreciated that adding a silicon containing gas



accordance with one enbodi nent of the invention. Silicon-containing gas in
the silicon etching gas m xture increases the anmount of sidewall
passivation in order to mtigate any notching. Thus, gate feature 102a

t hrough 102c are shown having a notch-free base due to the sidewall

passi vation s)ﬁrow ded by the addition of silicon-etching gas. In one

enbodi ment, WAH'YYW44act to hard mask gate applicati onsPCTHE208 G4 |
passivation mainly consists of a Si, 0, X-based naterial with X being a
hal ogen or a m xture of hal ogens, e.g., ¥rom ne, chlorine, fluorine, etc.
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Consequent | FLrHEHRors, Fé‘th‘be@maﬂ’é“fgl gre i therighres F‘i”‘r“ér? ﬁheosgllﬁoﬂ Sg(ié 1 egit® et ch
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referred t ol i¢nee lf?necof‘gﬁl&lgn‘(’gas ml'ﬁﬁ et& tfl’% a%m'ftr‘oheclﬁldon e g

addi ti on of reducsahercgieicad BinghdidnCoas dﬁlfbxalcgaﬁtwean :xtimpeé, p-dopede undeped angps of the
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betmeen d|f ope |co I'n"a as adds
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etch diff 6B G831 0RLR oD ?mvc%%;bzg hpESOlatlonenRbldRR sfilckbar of i | e
g si I'i con-containing gas_ in the etch

gas m xtur eEthuphan@er[ 1R8 absp |iric pfs outlet 130 which may be in flow communication with a pump

for evacuating the etch chamber. Process gas supply 132 is in flow communication with gas

inlet 122. It should be appreciated that a passivation enhancing gas, e.g., a silicon containing

gas as mentioned above, may be provided to the chamber through gas inlet 122. Controller

134, which is in communication with chamber 120 and process gas supply 134, may be

configured to detect a passivation starved condition, i.¢., an over etch process. In response to

detecting the passivation starved condition, the controller may trigger process gas supply 134 to

supply a silicon containing gas to chamber 120. It should be appreciated that controller 134

may detect the passivation starved condition through any suitable endpoint detection or the start

of the over etch process may trigger the supply of the silicon containing gas. Furthermore,

controller 134 is a general purpose computer in one embodiment.



etch wll elimnate the notching at the base of the features. Additionally,
the silicon-containing gas in the etch-gas m xture during the over etch
step will increase the selectivity to oxide. Furthernore, a

silicon- containing gas in the etch gas mxture during the silicon etch wll
reduce the 9&8 h%%w&b ferences between the various type of do ged silicon
present on the sane substrate. That is, adding a silicondOVPAISARHEE® gas in
the etch gas m xture during the silicon etch will reduce the critica

di mensi on bias differences between n-dopfd, p-doped or undoped Iines.

[00511 Fi gur @os2} Tins pasiétehdsddiRd withRBEdEicHnd® 1RO @htaBli kS Qagmsﬁm
configured to provide a é%iLllcon contai ning gas during an over etch
process. Etéﬁe§W§WH@?hT§ fidt udes gas inlet 122, top el ectrode 124,

el ectrostatic chuck 128 supporting wafer or senlconductor substrate 126.

Et ch chanmber 120 al so i ncl udes outletfﬁxq mﬂich may be in flow

comuni cation with a punp for evacuati'hg e etch chanber. Process gas
supply 132 is in fIOM/connuniccﬂ&@mumjtrogEEOnnmhet 122. 1t shoul d be
appreci ated that a passivation %ﬁhaﬂﬁinul 3 , a silicon containing
gas as nentioned above, may be Provi ded |t g P%e chanber t hrough gas inlet
122. Controller 134, which is Sﬁﬂm@nwur@da{mnmmxmth chanber 120 and
process gas supply 134, may be u|| gtre; deteict a passivation starved
condition, i.e., an over etch FF@@ && r?%%gﬁ@ﬁgg to detecting the

passi vation starved condition, the controller may trigger process gas
supply 134 | d be
appr coi at ed | RPHEE b E RS PRERTPLUEAR) b EHATRE sk, ThlriGRR
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etch proces%mqgﬁn%gﬁggg&%gg%mﬁmgngn vale silicon containing gas.
Furthernore, control IS a general purgose conputer in one
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layer. The oxygen source for the thin layer may originate from the mtroductlon of an oxygen

containing gas or the presence of an oxygen containing component in the vessel, e.g., quartz,
alumina, an oxygen containing component of the substrate being etched, etc. It should be
appreciated that the etch rate selectivity between polysilicon and oxide becomes infinite, i.e.,
there is no etching of the gate oxide, as a result of the deposition of the thin silicon containing
oxide layer. Consequently, this results in improved gate integrity, i.e., minimal if any oxide
loss, less silicon recess and significantly reduces the chances of pitting, Furthermore, the
increased efch rate selectivity widens the process window since the process may operate in a
region where pitting would otherwise occur without the improved selectivity.

[0054} In another embodiment, a solid source of silicon may be included in the chamber in
order to provide the silicon for the passivation layer. That is, during an over etch process where
the silicon being etched is substantially depleted, the solid source of silicon provides the silicon
required for the passivation layer in order to prevent notching., For example, a top electrode of
the etching chamber may include the solid silicon source, which may be triggered during the

over etch step by applying a radio frequency (RF) bias to the top electrode.



[ 0053] In one enbodi nent, when Si Cl4 or another suitable Si containing gas
is added to the gas mxture in the over etch step, the polysilicon is
still etched, however, a protective deposition takes place on the gate
oxide. That is, a thin layer of SiQ, which may incorporate Br or O or

any ot her SUI @? e el enment present in the chanber, is deposited on the gate
oxi de or nitrY9rP&4%Yate oxide. It should be appreci at ePGIHEROSORS ce of
oxygen is also provided to formthe SiO I|ayer. The oxygen source for the
thin layer may originate fromthe introddction of an oxygen containing gas

or the pr esﬁﬂ Anglga HdNHEEs e écgésﬂx' gﬂxaﬁl%{éﬁoa&?dﬁatéd%%& \ég g Ichan%eg ity

quart z, an “oxygen co tai ni ig conponent e su ate bei ng
etched, etc.order tgiashicys Be cmbedimests slpssdbadhpreir Hatherefiened e agigtepic) Fhig

between pol y3} k&R @o@é@u@)&' l:ﬁlﬁyep %Q{m{? sﬂoﬂlfd'b'a' %ﬁeclétecﬁthat Ta‘bfé@r i§ eke?nﬁik@y edchi ng
of the gate oxI de, a resul deposi tion of hin silicon

containi ng "ekmgat F%?felamme&n%quqteys hstteﬁhe Tebls ) wee P’HPIPWrW’e ey 2
integrity, ivesys 2500tk maf;mwm%led%m hO8BigndeC F cGiirkd, 0 Panp QURRE irTuble
significantl reduces é?e chance |tt|qﬁﬁgggrthernnre the increased
etch rate sl BatRR 5P dipgiete Wf’é’ YhPEHHE process may
operate in a region where pitting mould ot herwi se occur w thout the

i nproved sel ectivity. [00541 In anothe&Biggcdlnent a solid source of
silicon may be included in the chanber in "order to provide the silicon for
t he passivation |layer. That i $Preshurei ng an 0va®0 n€focth| pr ocess where the
silicon being etched is substa§*=PgJé' defpet solid source of silicon
provi des the silicon required ? %e passivation Jayer in order to
prevent notching. For exanpl e Bettanopvel e¢ &8 ¥k { he etchi ng chanber may
include the solid silicon sou t-ch hestriggered during the over
etch step by applying a radio ?Engﬁg%%v QCHEF%g tob the top electrode. WO
2006/ 004693 PCT/ US2005/ 022809 &QkﬂPGOSS] Vbl tescomi | | ustrates the processing
paranmeters associated with an B'ﬁﬁw”g chanygghog O der to achi eve the
enbodi nents descri bed herein W reference to anisptropic etching
conditions for etching a bil ayBrilevesi st. |50 —-Shdsked pe appreci ated t hat
Table 2 is exenplary and not to-beThi The paraneters |isted
in Table 2 were enployed wthit ¢ g&ﬁse of ab 53?%@% 300 et ching nmachi ne
avail able fromthe assignee. GHBE%®Wse, t he—dgherem |isted in Table 2 may
vary according to the type of mactime—performmng the etch operation. TABLE

2 Pressure 0.5-200 nmTorr Top Power 10-5000 W Bottom power 200-300 Vpk
[0056] With respect to the gases employed during the bilayer resist etch, ome suitable

combination includes the use of oxygen {Oy), nitrogen (N3), SiCly, Hydrogen Bromide (HBr),
and chlorine (Cly). A range for the flow rate of oxygen is approximately 100 - 200 standard

cubic centimeters per minute (sccm). Here, oxygen is used as the etchant. The flow rate of
nitrogen during the processing is between about 50 and 200 scem. It should be appreciated that
nitrogen assists with maintaining consistency across the substrate surface. An exemplary flow
rate for hydrogen bromide is between about 50 and 100 sccm. The hydrogen bromide is used
for sidewall passivation. The chlorine flow rate is between about 10 and 50 sccm. In one
embodiment, the chlorine flow rate is approximately 10% of the oxygen flow rate. That is, the
ratio of the oxygen flow rate to the chlorine flow rate is 10:1. Chlorine is employed to help
remove volatile gases. The SiCl, flow rate is between 0.1 and 6 scem. The SiCly gas is used to
help maintain CD in accordance with the embodiments described herein.

[0057] Other settings used during the bilayer resist etch inclnde a pressure range between about
3 and 15 milliTorr (mTorr). The power to an upper electrode is between about 300 to 1000

watts, while the peak power available to a botiom electrode is between about 200 and 300 volts.



Tenperature 20 Cto 70 C Sid4 flow 0.1 - 6 sccm 02 flow 100-200 N2 fl ow
50 - 200 sccm Cl12flow 10-50sccm HBr flow 50 - 100 sccm [00561 Wth
respect to the gases enployed during the bilayer resist etch, one suitable
conmbi nation includes the use of oxygen (02), nitrogen (N2), Sid 4, Hydrogen
Bromde (HBr), and chlorine (Cl2). A range for the flowrate of oxygen is
appr oxi mat el $O19B/W4RH0 st andard cubic centineters per REHUBWOF RGP .

Here, oxygen is used as the etchant. The flow rate of nitrogen during the
processing is between about 50 and 200 & cm It should be appreciated that
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per cubi c cgitdrenst layeraﬁmmclmte‘s@ﬂﬁorpeahzledmbom phamesistddyeris amérgansenboforayist. of
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| on energy glned etween a ou volts, where the
i on energy pitaestsunbet wingotangiré pRy- S@!e@kchﬁw and) Sistli gagess rspaEvebibt FigHe

erectrode. 1fONRRlE ARy b bitfuthEBlding t CNB ol A BBtk uskr ating

t he various Tayers of l'ayer resist disSposed over a substrs%
waf er 150 i reeulindeenvpetiopalichsraigty qusipe he eishing psratigns Ap phop@ipigwe %efe 1?L54 and

top phot or egj.st oflﬂ?cyc%cal abnendiOPIBRQL RFRSH B eicaaaeaotta& @hbt@reﬁﬁb@eﬁ usfiiepo
patterned and devel oped. Thereafter, the b Emgjﬁot oresi s ,f\/\/r]yschcOn

consi sts of thg p@tgﬁmwtuggggqt@}g, which in turn w111 1mpac t equent etchin
layer 152. However, Figure 13B illustrates the elimination of the undercuttmg and notching

with the utilization of SiCls gas introduced during the etch operation. Here, the etching of
bottom photoresist layer 154 and top photoresist layer 156 results in an etch operation that does
not lose CD.

[0060] Figure 14A and 14B illustrate actual micrographs comesponding to Figures 13A and
13B illustrating the effectiveness of the use of SiCl, gas in accordance with one embodiment of
the invention. As shown in Figure 14B, the loss of CD is minimal as compared to Figure 14A.
Figure 14A was the result of using standard polysilicon chemistry (HBr, O, Ny} during the etch
operation. Figure 14B utilized Cly, HBr, Oy, Ny, and SiCls gases for the etch operation. It
should be appreciated that the SiCls forms SiO; with the O, during the etch operation in order
to minimize the loss of CD,

[0061] Figure 15 is a flow chart diagram illustrating the method for etching a bilayer resist
defined over a substrate in a plasma etch chamber in accordance with one embodiment of the
invention. The method initiates with operation 160 where a substrate having a pattern defined
on a first layer of a bilayer photoresist is introduced into an etch chamber. The method then

advances to operation 162 where SiCls gas flows into the etch chamber, along with the mixture



| ayer 154 and second photoresist |ayer 156, is etched to define a pattern.
Typically, top photoresist |layer 156 includes silicon, while bottom

phot oresi st |layer is an organic photoresist. [00591 Figures 13A and 13B
illustrate a pattern defined through an etch of the bilayer photoresist
when using standard poly-silicon chem stry and Si O 4 gases, respectively.
Figure 13A MOe¥04P&s not chi ng and undercutting occurr PAEGUB#0342280Bot t om
photoresi st |layer 154 as a result of conventional chem stry during the
etching operation. As shown in Figure 13A there is a Ioss of the critical
di mensi on define t eto
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the mixt ur ethgwsoppeighmessyanyortionasdenst braiyowing cgiisyases | j sted in Table

2. As descr ob@}i Ok H:#'eﬁtﬁ%%ﬁﬁ&ﬂ deQrifed ceir? int tBﬂlsfdeWeEﬂte@erﬂflarS/ hﬁb&lnﬁérﬁs gas
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What is claimed is:



enbodi nent, an ion energy of between about 150 volts and about 400 volts is
mai ntained in the etch chanber. The nethod then noves to operation 166
where the bilayer resist is etched accpsding to the conditions described
herein. [0062] The foregoing has described the principles, preferred

enbodi nrents and nodes of operation of the present invention. However, the

i nvention should not be construed as being limted to the particul ar
enbodi ments di scussed. Thus, the aboJéladescri bed enbodi ments should be
regarded as illustrative rather than restrictive, and it should be

appreci ated that vérmnahpdhy aiehjnde bilaxse résist thbed mrboditsentesn byloms
skilled i X ']ﬁnp-t departing.from the scope of the present
i nventi On&giil?@ag?{?e&],e%ﬁ ysﬁfgénPt@P?SWlﬁtdorbsl fms. [0063] The invention has been

described her eintrollicih g tHEsuBStrBENARAL 2 BXEIR |d@ﬁye&apgﬂi-swy%§ofth%hﬁfer
enbodi nments, of the invention will be apparent to those Skilled 1M the art

from con$rigbinta thestarchembespeci fication and practice of the invention. The

enbodi nents a ref.erred. features .descri bed above shoul d be consi dered
exenmpl ary, Wt O‘?ﬁg%lflﬁifé%fnot?lﬂbeecftﬁbc}w&ﬁ%cﬁned by the appended cl ai ms. What

is clainmed is:/{ldbingGhRirie gad intdREQObfer,et Ching a Dbilayer resist defined
over a substrate in a plasm etch chanber, conprising nethod operations of:

i ntroduci ng t HeowinBdydmeen heonidg gas ipst therchambén ned on a first |ayer of the

bil ayer resist.i.ntqg the etch chanber; fl ow SiCl4 gas into the etch
chanber; fIovﬁttrrllkgméFf@lllpﬁ)‘e'rspf}fil néléeset?]ﬁtz I?W%V@T‘]@tﬁ]ogﬂﬁﬁg'@rs,l ?#gaéi/\ﬁlﬂg hydr ogen
brom de gas i ndchifhhePTRADRGEsistStriking a plasma in the etch chanber while
flowng the SiCl 4 gas; and etching the bilayer resist. 2. The nethod of
claiml, wherein the nethod operation of flowing SiCl4 gas into the etch
chanber i ncl u%es, fJ,oM ntﬂ (ﬁh S Cl4 gas.at a flow rate between about 0.1
standard cubi ¢ cent 1 FeREFe Ogﬁlﬁl% nitgesas metpdersrativaml Towing8iregtfod of

claim1l, iw@eﬁ@&tahbmﬁmg@timgd%rerati on of striking a plasnma in the etch
chanber while flowing the SiC 4 gas includes, generating an oxygen based

flowing the SiCl, gas at a flow rate between about 0.1 standard cubic centimeters

per minute (scom) and 6 scem.

3. The method of claim 1, wherein the method operation of striking a plasma

in the etch chamber while flowing the SiCly gas includes, generating an oxygen based

plasma.

4. The method of claim 1, wherein the method operation of striking a plasma

in the etch chamber while flowing the SiCl, gas includes,

maintaining a chamber temperature between about 20 degrees Celsius and about 70

degrees Celsius.

5. The method of claim 1, further comprising;

flowing an inert gas into the chamber.
6. The method of claim 5, wherein the inert gas is nitrogen.
7. The method of claim 1, wherein the method operation of striking a plasma

in the etch chamber while flowing the SiCly gas includes,

maintaining a plasma density between about 1x10%/cm® and about 1x10"%/cm?.



plasma. 4. The nethod of claim1, wherein the nethod operation of striking
a plasma in the etch chanber while flowng the SiC 4 gas includes,

mai nt ai ni ng a chanber tenperature betwegqg about 20 degrees Cel sius and
about 70 degrees Celsius. 5. The nethod of claim11, further conprising:
flowng an inert gas into the chanber. 6. The nethod of claim5, wherein
the inert gas is nitrogen. 7. The nmethod of claim1l, wherein the nethod
operation of striking a plasma in the etch chanber while flowi ng the Si Cl4

gas incl udes, i ntaknin sma. density bet n about 1 x 109/ cnB8 and
about | x 1012/%m8. 16 m%@‘gdr‘ﬁ‘é"a}ﬁl& fio %?m&‘i‘%inﬁﬁ\ﬁg,g ORFiahe ﬁfl PREGHBNEGd
oper at i on pidsniamientiai RitnEertatRLABTR A8 SHE YL HatWe s X 109/ cnB and
about 1 X 1012/cnB includes, establishing a chargrb/ec?pgg‘gelg(g(ﬁsfe bet ween about

3 nilliTorr and@stabléthingschamber Psssure betmaes ebdit Agnidlipanend hiexell 5 hatli Bt op
el ectrode pf the etch chanber between about 300 watts and about 1000
watts. 9. e nethod of claim1, wherein the nethod operation of striking a

plasma in thesatiofaebaebRuVBE 4 Bf dIQMAE oF R e%h%%rrx{%%s%ét@{%&ﬁgtgﬁ{s 309 10

mai ntai ni ng an i on energy between about 150 volts and abou

The net hotta8$ agd ehowt 00Gkeltsei n t he met hod operation of maintaining an ion
ener gy between about 150 volts and about 400 volts includes, establishing a
radio frequency (RF) peak voltage for a bottom el ectrode between about 200

vol ts and 300 9ol t SThd etHod FR1LHMCD vWHRATD AL AeE 9@’& ESH o F PR ilzpsgrla
b c%, conpris né)ne hod

critical dinension bias during a ilayer resist €

oper at i onk the etch ichathbey vdiileodwieg glasSiCiif gastiheu@isch chanber; fl owi ng hydrogen
brom de (HBr) gas,i.nto the chanber; striking an oxygen based plasma in a
chanber while '?‘FWIWBgéf‘&ﬂrher&éi@’ betivgen ghout ég%ﬁ‘ﬂégr%ndrﬁépﬁlt‘g?%‘i’ﬂt} a pl asna
density between about 1 X 109/cnB and about 1 X 1012/cnB; and

10, The method of claim 9, wherein the method operation of maintaining an ion

energy between about 150 volts and about 400 volts includes,

establishing a radio frequency (RF) peak voltage for a bottom electrode between
about 200 volts and 300 volts.

1. In an etch chamber a method for controlling critical dimension bias during a
bilayer resist etch, comprising method operations of:
flowing chlorine gas into the etch chamber:
flowing hydrogen bromide (HBr) gas into the chamber;
striking an oxygen based plasma in a chamber while flowing SiCl, gas into the
chamber;
maintaining a plasma density between about 1x10°/cm® and about 1x10'¥em? ; and

etching each layer of the bilayer resist.

12. The method of claim 11, wherein the method operation of striking an
oxygen based plasma in a chamber while flowing SiCly gas into the chamber includes,

flowing the SiCl, gas into the chamber between a flow rate of about 0.1 standard

cubic centimeters per minute (scem) and 6 scem.

13. The method of claim 11, wherein the method operation of maintaining a

plasma density between about 1x10%/cm® and about 1x10%/cm’ includes,



etching each layer of the bilayer resist. 12. The nethod of claim 11,
wherein the nethod operation of striking an oxygen based plasma in a
chamber while flowing Sid4 gas into the;chanber includes, flow ng the
SiC 4 gas into the chanber between a flow rate of about 0.1 standard cubic
centinmeters per mnute (seen) and 6 seem 13. The nethod of claim 11,
wherein the nethod operation of maintaining a plasna density between about
1 X 109/ cn8 andaileiningla povid1&/et aotinel wddss top EleciBiaibaiveemgbaut podwehiits evel
associated with (ﬁfg@ el ectrode between about 300 watts and about 1000
watts. 1488 ﬁ@”ﬁi@ a4t claim 11, wherein the bilayer resist includes a
first layer disposed over a second |layer, the first |ayer containing
silicon. 15. The nmethod of claim 11, further conprising: maintaining an ion
energy bet weemd.abolhe kefhodalftctaiand, abetsin theGilu@rt&sist iluddie firetlagg of

cl aim 15, wherein the nmethod gperation of maintaining an ion energy

bet ween aBigesed sgensotecandiyctadsdirsdererventemingglicntes, establishing a radio
frequency (RF) peak voltage for a bottom el ectrode between about 200 volts
and 300 volts. 17. The nmethod of claim 11, wherein the nethod operation of
striking an oxygenThasethodlodsh®@miln, turtRaedeprisy: ntifhtalidNgh Bn@néreggas into
t he chanmber incl udes flow ng an inert gas into the chanber. 18. The

met hod of PEW&E§Habopt 15%1‘@@@“@89%4%%5- maintaining a ratio of a flow rate
for oxygen gas into the chanber to a flowrate of the chlorine gas into the
chanmber at about 10:1. 19. The nethod of claim 17, wherein a flow rate of
the inert gas i& berkegbthod@ulirhQ 5sRBMAN: aReWd HRMtDe G mankl@yy At e for
the HBr gas is between about 50 and about 100 seem and a flow rate for

t he chl orlPR&NYEY betsvepe abrdd SEvelis andabpais A Areltsabelutdes, 50 scem

establishing a radio frequency (RF) peak voltage for a bottom electrode between
about 200 volts and 300 volts.

17. The method of claim 11, wherein the method operation of striking an
oxygen based plasma in a chamber while flowing SiCl, gas into the chamber includes,

flowing an inert gas into the chamber.

18.  The method of claim 17, further comprising: maintaining a ratio of a flow
rate for oxygen gas into the chamber to a flow rate of the chlorine gas into the chamber at

about 10:1.

19.  The method of claim 17, wherein a flow rate of the inert gas is between
about 50 scem and about 200 scem, a flow rate for the HBr gas is between about 50 and
about 100 scem, and a flow rate for the chlorine gas is between about 10 scem and about

50 sccm.



