-64 21, FEB 2006 PLASMA ETCH METHOD FOR FORM NG PLASMA ETCHED SI LI CON LAYER
BACKGROUND OF THE I NVENTION 1. Field of the Invention The present invention
rel'ates generally to methods for forming etched silicon |ayers w ghil EEB 2006
m croel ectronic fabrications. Mdxre particularly, the present inventi'o
relates to plasma etch nmethods for formng with -attenuated plasma etch
resi due plasnma etched silicon layers within , mcroelectronic fabrications.
2. Description of the Related Art Mcroelectronic fabrications are forned
fromm croel ectroni c substrates over which are formed patterned
m croel ectroni c conductor |ayers which are separated by mcroelectronic

| nr cased and htFad o rROBHOR ARG R A LR AR 3 C o A ien

-conductor |ayer dinensions have decreased, it has becone nore common in
the art of mcroelectronic fabrication to enploy plasma etch Y 21 FEB 2006
met hods for formng etched silicon layers, including but not limted to
et ched nonocrystalline silicon |ayers, etched polycrystalline silicon

|l ayers and etched anorphous silicon layers, within microelectronic
fabrications. Such plasma etch nethods often enploy plasma etchant gas
conposi tions which upon plasma activation provide active brom ne and/ or
chl ori ne containing etchant species, such as may be derived, for exanple
and without limtation, frometchant gases including but not limted to
broni ne, hydrogen broni de, BAGKGROTN GForERysvIperioN! oride. Sinilarly,
,s%ch etched silicon ‘

s

1. Fie_ld of the Invention

- The present invention relates generally to methods for forming etched silicon layers

within microelectronic fabripations. More particularly, the present invention relates to plasma

etch methpc_ls for forming with attenuated plasma etch residue plasma etched silicon layers within

. microelectronic fabrications.
2. Description of the Related Art

(& ‘ Microelectronic fabrications are formed from microelectronic substrates over
which are formed patterned microelectronic conductor layers which are separated by

microelectronic dielectric layers.

As microelectronic fabrication integration levels have increased and
microelectronic device and patterned microelectronic conductor layer dimensions have decreased,

it has become more common in the art of microelectronic fabrication to emﬁloy plasma etch
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| ayers formed within mcroel ectronic fabrications may include, but are not
limted to: (1) partially etched nonocrystalline silicon sem conductor
substrat€ | ayers having shall ow and/ or deep. isolation and/or capa?{ I 2006
trenches etched therein as enployed within sem conductor integrate
circuit mcroelectronic fabrications, as well as; (2) fully etched and
patterned polycrystalline silicon non-substrate |ayers which may be
enpl oyed as: (a) patterned polysilicon conductor layers wthin
m croel ectronic fabrications including but not limted to sem conductor
i nt egr at eBetipdeior formingeiched tliqondmers, inlbding bitinohkmitesstoseshed menodisfalijet e
el ectrodes,.wi thin field effect. transistors. (FET npl oyed within_ .
sem cdndug{l%’rn l?yﬁfseﬁf?‘getdé’(?g’ﬁyft@%'f’? S'ﬁ‘?oé'rl??@fsé‘@fl %@E‘?@‘P%ﬁﬂuéé‘%?@ﬁga%ﬁ‘fﬁ%rl Y,
such. et chgg&didct6RR Alba¥fioss When formed within mcroelectronic fabrications
whi | e enpl oyi ng pl asma et 071' met hods whi ch enpl oy etchant gas conpositions
whi ch . upon plasma activation provide active brom ne and/or chlorine
cont ai ni ng etchant species are often forned in the presence of silicon
cont ai ni ng di el ect rSugh plaspea eich mefhpdscaften gmpley plasmarktckat gas cogipbsitions whichde
di el ectril(l:olna ers ctsi .1 con .?i tri dﬁ di.,electric lLayers. and silicon oxynitride
di el ect ri ' POMPRIEF BCUVHHN RIPYIFR 8¢HivE Bramin r glgrineqoptaininefchaat spesiesh S9has med
as plas MemKf Séheﬂaéif f&%&{ﬁn@@m wititut Eﬁlﬂﬁgm,sfh{)dl &Rfardt %ﬁegh@fuﬁglgghg xllo%(fi}r{itl
llayers, or 'in the alternative as substrate layers, “such as, “for ~—exanpl e
and wi t hotatbrorhifié, hgdro@éh bramidg aéhioriiie @h@6i ydfogSh LIS, GRAAANRE e@héd §hdoni C
 layers forned. 2 21 FEB 2006 beneath gate el ectrodes forited within field
(eff ect t rlayess fotredswitiEiyoetarprbniy éabrications magp molués botet ast iniitedds AU pParfibllycui t
m croel ectronic fabrications. Wile plasma etch nmethods for formng etched
- silicon |eshed mopeqrystiaiinevlicon semicrindnaeser substratsliayers keyingshallownandar de¢thus
n wthin the art of mcroelectronic fabrication, cPl asna

gf ch' et ﬁﬁ@%@%ﬁ%ﬁaﬁm@%{%ﬁ% ehed BB 28 PRPIOYSbWithiS genpipensiuptor integrate
"t he arponf mfrod @BbE Bblidon g A8 yIR T A dorf haf Plstr fobenmaling hown 1 n-
t_ he art aflicoh fsP@baFE BPrE whidh hia§ 85 bAPIoy&Bs: (af ﬂatteirﬂedip%ly?ﬁif:&ﬁcoﬂhnfxétj)rol%e&s to
| within microelectronic fabrications including but not limited to semiconductor integrated circuit
microelectronic fabrications, as well as; (b) gate electrodes within field effect transistors (FETs)

employed within semiconductor integrated circuit microelectronic fabrications.

Similarly, such etched silicon layers when formed within microelectronic
C_’ ~ fabrications while employing plasma etch methods which employ etchant gas compositions which
| upon plasma activation provide abtive broﬁine and/or chlorine containing etchant species are
oﬁen formed in the presence of silicon containing dielectric layers, such as but not limited to
silicon oxide dielectric layers, silicon nitride dielectric layers and silicon oxynitride dielectric
layers. The silicon containing dielectric layers may be formed as plasma etch mask hard mask
patterned silicon containing dielectric layers, or in the alternative as substrate layers, such as, for

example and without limitation, as gate dielectric silicon containing dielectric layers formed
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reproduci bly and controllably formwhile enploying plasma etch nethods
etched si)icon layers with attenuated residue formation (such as but not
limted to attenuated particul ate contam nation residue formati o% v‘\gEtéﬁlzdaB
m.croel ectronic fabrications; and (2) in situations where the etc 24
silicon layers are formed in the .presence of silicon containing dielectric
| ayers, it is often difficult to reproducibly and controllably formthe
etched silicon layers with enhanced selectivity of the plasna etch mnethods

for the efched silicon. |layers with respect to the silicon containing

di el ect ri ¢*° tﬁﬁ&#"se'.le r?dqsggwaé’“@&&@%&%@“@’é@ﬁ GETpreomplaedgithsr use when
fabricati ggiRdaLA6! i | &y I j.ons.pl asna etch methods for

repr oduci bl'y andagljolﬁfté%%ﬁaaqgrlay{ @g#%q%éﬂovg\f?wﬁﬁa troelectronic fabrications
etched silicon layers with: (1) attenuated residue formation (such as but
not limted to particulate contam nation residue formation); and (2)
enhanced sel ecti vi tWhilefplasime epdhasethodatiotforniing btoltd sfieon fahérs edraiRedithinl | con

| ayers with r %_Fec,t ai)q sjlicon containing dielectric |ayers when those
‘etched si P‘f%‘ff‘fﬁ rouie fabrications ety desirablsand permmen within the 4rl ofonicoeletiaonic ng

dielectrigpk nt. invention is directed.. Varioqus p|asm
processi n%bllr‘r‘%%{ﬁ%?éasﬁg\%h gg%hg’dg?ogze%%%%&f]ﬁgls'ili"éonaé?jfer% 9% 2’6)‘6%‘3%0‘“" ,

m croel ecfabiyatiénslapdrdnele® ok Shitirb) WHhBG PORSHBN We%ﬁ?éﬁﬁgro .aegtrr&ﬁi %r b C

| ayers with desirable properties wthin mcroelectronic ricatl . For

exanpl e, Xaufwtzsegatd, itlis known itutHs. arReftitrioelbletrone, ffr&atl@bthad{ DG 9 988n &rRLATH®
processing nethod for attenuating particul ate generati on and deposition

{upon a suserduibly andgenglabiyforrn mhilaemployingplesarati methadydtetat isticontgss
processi ng,,t tﬁe? subst r.&t e.enmpl oyed within the microelectronic fabrication
whil e enp guateterey “a“sfﬁﬁ“n%waém Bh Bt et braited tyatienyiated particplatecoostsmingtioet hod
enpl oys: e P ele se.of a plas ower_ . W thin a plasma reactor
chanber trg&%leﬁ?g%mﬁ a‘lg ﬂﬁa'l; %6\5\%6# ecFrg Ve Eabﬁ‘ﬁqg’f‘gtaﬂvf (R Sereensaress the gished hst r at e
into a plspes@lafdasre Frmed in the presence of silicon containing dielectric layers, it is often difficult
- to reproducibly and controllably form the etched silicon layers with enhanced selectivity of the

plasma etch methods for the etched silicon layers with resﬁect to the silicon containing dielectric

layers.

It is thus towards the goal of providing for use when fabricating microelectronic
fabrications plasma etch methods for reproduéibly and controllably formiﬁg within microelectronic
C/, : fabrications etched silicon l_ayers with: (1) attenuated residue forrhation (such as but not limited to
particulate contamination residue formation); and (2) enhanced selectivity of the plasma etch
.m.ethods for the etched silicon layers with respect to silicon containing dielectric layers when
those etched sificon layers are formed in the presence of silicon containing dielectric layers, thaf

the present invention is directed.

~ Various plasma processing methods have been disclosed in the art of

3



chanber to thus provide for effective cleaning of the plasma reactor
chanmber prior to introduction of the substrate into the plasma reactor
chanber, ‘in conjunction with; (2) a slower increase of the plasm power
within the plasma reactor chanber subsequent to introduction of £h&EB 2006
substrate into the plasma reactor chanber in order to avoid circul ation of
particles within the plasma reactor chanber which woul d otherw se settle
upon the substrate. In addition, Saito et al., in U S. - Patent No. ‘
5,681,424, disclose a plasma processing nethod for cleaning a plasnma

react or chengsiactropic fabricationdor forming plesme moeded microtlbdteoniv lageasywith Awiralid over
a substrate whil e enploying a hydrogen brom de containing etchant gas
conposi ti%rﬁ?eWW‘%g@%f?@B‘ﬁg%ﬁ?cﬂl%& pating an el ectrostatic charge
formed upon the substrate incident to use within a plasna apparat us

enpl oyed within the plasma processing nethod of an electrostatic chuck for
securing the subst iRt exampld)Gptalte ald iRBTR PARACIE'S £BFIB isclobBEs Phasd™®
processi ng method enpl oys an oxygen contai ni ng et chant’ gas congom tion for
si mul t anewrosdssing wkthad forgtithatineprtiailate gaetadon amitdegostdnpaioh Agubdaate

el ectrostatic charge forned upon the substrate. Further, Leung et al., in
U.S. Pat eftpiqysd wathinpomigesleciipric faggeatign whepspracqssing the sebstratezmpluyed 24bi® thet hod

f I ' iLs.fr. t hi hanber, ingludi but t

| T e TBOReBrAENG o ach Bt Honne FepleionroRtas mekod AR ALERS  oact or
hanb -WRIGH t ' i t I

or ovossi oreeie T AR (ol Eren 15 MR8 pRFBNIA € st 1R

the r eactchimbdiash Bigh GRIRL PEWESewbiidt 18iRroRhdiRh W BR sSIfREeiidS finlEachlas T
f ocessi ng nmethod prior to cleaning the deposits fromwthin the react or

chanber whamier tetips psovig forhefeptiivechanipg of the plasiga reettbiochambér prior te/ntbeiction
Murugesh et al., in U S. Patent No. 5,811,356, disclose a plasm

processi it theestibgigtedni@ the plrsmarsaqierohamberniy capipentian withivg) e sloprenincrbesefafithea
reduced ¢ ncent rat i.gn -hof nmobi | e i ons band nmetal contam nants within a

react or GITAMARPWE VL {heplasma reagtor fhambsrsubseqpen to {HTPAYGHOR 95 the Substigte itRanber
m cr oel e(t:ﬁer PiNnfa bRV cRamBiR it kY B'abdid Wrbiffoh 98 hABRLEw ki ltl?ecp;ﬁs&n% b NG S

chamber which would otherwise settle upon the substrate.

In additi'on, Saito et al., in U.S. Patent No. 5,681,424, disclose a plasma
processing method for cleaning a plasma reactor chamber within which is plasma etched a silicon

layer formed over a substrate while employing a hydrogen bromide containing etchant gas

e

composition, while simultaneously dissipating an electrostatic charge formed upon the substrate
incident to use within a plasma #pparatus employed within the plasma processing method of an
electrostatic chuck for securing the substrate within the plasma reactor chamber. The plasma
processing fncthod employs an oxygen containing etchant gas composition for simultaneously

cleaning the reactor chamber and dissipating the electrostatic charge formed upon the substrate.

Further, Leung et al., in U.S. Patent No. 5,705,080, disclose a plasrﬁa proce_ssing
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wi th enhanced reliability. The nethod enpl oys, when seasoning the reactor
chanber while enploying the plasma processing nethod and the plasna
procéssi ng apparatus, a bias radio frequency power density of greater than
0.051 watts per square nillineter and a seasoning tine of greate2 1tf&h 2006
about 30 seconds. Finally, Gupta, in U S. Patent No. 5,824,375, discloses a
pl asma processing nethod and a plasma processi ng apparatus for reducing
fluorine and ot her sorbable contam nants in a plasma reactor chanber
enpl oyed within a chem cal vapor deposition (CVD) nethod,- such as but not
linited t#ethogfersierningaprsiseifiom avithing rescaprohanibgoistlodiog bitRECKB)edmtahgsmal he
pl asma processi ng nethod and the. pl aﬁma processi ng apparatus enpl oy an
inert pl afR&° fs’l@g%ﬁ’éﬁ”f' Gpt aﬂ’égm%]wéfg‘ﬁé & e Ihambey eRstor spmppneafseEichget he
pl asma re : Pl s ol=1g j i ri cont ai nin | as etch
ot hod ang et BRI o M MR TR R dhd, 13 plon R i Y
enpl oyi ngcavefihgeithindRpeadtor dhambe cb@orRnRa%EnNEA biReraRASANVAG kR)Rlsma t hi n
the plasma reactor chanber. 21 FEB 2006 Desirable in the art of
‘m cr oel ecPiessFing fraghodpriarée clganingthieliapositseftonpivithimshearteadtor ahemberdshiland
materials ich y,be enpl oyed for, reproduci bly and controllably formng
with attEPRISHRE! QBS’E?EB{:%P%‘ gérethodi con 1 ayers within microel ectronic .
fabrications with enhanced selectivity of the plasma etch nethods for the
etched silicon layers with respect to silicon containing dielectric |ayers
when the etched silg e; ;o0 ' r e, iljcon
Stﬂ%hﬂé%%l%%%fl%t H0HBY, Pg‘ceé]tleﬁ?.% 13846 dx?c%cjnsg APRSIR e

containing dielectric |ayers. i's fowards t otegbimg 0

{\{3[5 esent i proesdingmeth6d dhd £plhgsh pr&bdMRRRSp&Ratul FFRidnYYENTY foa ﬁed‘ubécﬁéon@éﬂtlg\%n of
he present invention is to provide a plasna etch nmethod for reproducibly
and cont rafimaokii¢ ions endvineig! entagtmhidvithin 4 eactot dymbenviotthitthede fag bORbAEHEDNI C
fabrication. A second object of the present i-nvention is to provide a
pl asma et"AHimthe fegtqr ghamber microelectronic layers, particularly microelectronic dielectric layers,

With enhanced reliability. The method employs, when seascning the reactor chamber while
employing the plasma processing method and the plasma processing apparatus, a bias radio
frequency power density of greater than 0.051 watts per square millimeter and a seasoning time of

+  greater than about 30 seconds.

| Finally, Gupta, in U.S. Patent No. 5,824,375, discloses a plasma processing
method and a plasma processing apparatus for reducing fluorine and other sorbable contaminants
(; : in a plasma reactor chamber empioyed within a chemical vapor déposition (CVD) method, such as
but not limited to a plasma enhanced chemical vapor deposition (PECVD) method. The plasma
processing method and the plasma processing apparatus employ an inert plasma treatment of tﬁe
plasma reactor chamber after cleaning the plasma reactor chamber while employing a fluorine
containing plasma etch method and prior to forming within the plasma reactor chamber while
employing a plasma deposition method a passivating seasoning layer Within the plasma reactor

chamber. ,



accord with the first object of the present invention, where the etched
silicon layer is reproducibly and controllably formed with attenuated
residue (5Such as but not linmited to particulate contami nation reﬁi.!qs?g 2008\
third object of the present invention is to provide a plasma etch nmethod in
accord with the first object of the present invention and the second obj ect
of the present invention, where the plasma etch nmethod reproducibly and
controll ably exhibits enhanced selectivity for the etched silicon |ayer
with respect to a silicon containing dielectric |ayer when the etched
silicon layer is foPpuyblein thhert of miserrbsstrofic fibecationiacorditions] plasis gtch
dielectric ayer ciNithi'a? tBe . 2 1 FEB 2006 m croel ectronic fabrication.
fourth obMEEPUdIG TR SWRigh maybesmRlyediter reprogucRly ard eontielabbyforming withr d
with the ' | . ent.invention. e second object of the
present i ﬁili}éet{rlllt§ lfegg&téﬁgte%cﬁéed {%&r‘ 5’1 E’% ngt?:]in nnSIfoe{e fEois %Eré??ﬁo?snvgh?"?’%ﬂﬁeév\hi ch
met hod i s sel@mdicy ¥F tOPEEHL:a Jnythbdi%ﬁdﬂgeicﬁsh sili&n%@x@%%s{;}gctttggﬂi?&l ects of
c

the present invention, there is provided a plasna e tho or form ng
an et chedceitsinipg dicleatyiglayers wheo thpretohed silicdntigyersirbfdmed intthepmRseasest silicon
invention, there _ is first provided a first substrate having forned

t her eover SQPt3inipg dielertric dayers| ayer . There is then etched the first silicon

| ayer to forman etched first silicon layer while enploying a plas nma. etch
met hod enpl oying a plasma r eactor chanber in conjunction with a plasma

etchant gas conpo [ i | tivation provides at |east one
of an ac'? ive br gﬁ‘i ?efsé%%rgélqr}f? Eogrb'é%é’r&cﬁoé% ng%%@? B VAR B AeEeCnl ori ne
@gqm ai ni ng etchant species, wherein within the plasnma etch nethod: (1)

. cl eaned plasma reactor chanber is seasoned to provi de a seasoned plasm
reactor chanber having a seasoning polynmer |ayer forned therein; (2) the
first. silicon layer is etched to formthe etched first silicon |ayer
within the seasoned plasma rdiMMARYHARTEHE INWENIZON: he seasoni ng pol yner
| ayer is cleaned fromthe seasoned plasma reactor chanber to provide the
cl eaned pl asma reactor chanber after etching the first silicon layer to

~formthe etched fi hsﬁrs§3ﬂjéc99ﬂhe present invention is to provide a plasma etch method for

A

reproducibly and controllably forming an etched silicon layer within a microelectronic fabrication,

A second object of the present invention is to provide a plasma etch method in
accord with the first object of the present invention, where the etched silicon layer is reproducibly
and controllably formed with attenuated residue (such as but not limited to particulate

( contamination residue).

A third object of the present invention is to provide a plasma etch method in
accord with the first object of the present invention and the second object of the present
invention, where the plasma etch method reproducibly and controllably exhibits enhanced
selectivity for the etched s_i!icon layer with respect to a silicon containing dielectric layer whenthe

etched silicon layer is formed in the presence of the silicon containing dielectric layer within the
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| ayer within the seasoned plasnma reactor chanber, prior to etching a second
silicon layer to form an etched second silicon |ayer fornmed over a second
substrate'within cleaned plasma reactor chanber while enploying the
plasma. etch nmethod in accord with (1), (2) and (3). The present .i BYerEh QI
provi des a plasma etch nethod for reproducibly and controllably fonning an
etched silicon layer within a mcroelectronic fabrication, where the etched
silicon layer is formed -with attenuated residue (such as but not limted,

- to parti cul.atﬁ resi g;ig%;?and 7 21 F E B 2006 where the plasma etch net hod
exhibits SAASHELP CSARERSRi ty for the etched silicon layer with respect to
a silicon containing dielectric |layer when the etched silicon layer is
formed in the presence of the silicon containing dielectric |ayer within
the m croel ectroni cAfathi dbaki &Mhe glesent RYESBR1S tbﬁi’ _ 'a%tﬁ&?i'n'a%&?dh}ftﬁt o

f oregoi ng objects by enploying within the present invention: (1) a c?eaned
pl asma r efitst objeat fithogresere irsemiang tHeGeqnd vhide: of tikgasonatepliGSAml thetet Dbject
chanber haying a seasoning pol )ﬁmer | ayer formed therein; (2) a single
‘'subst rat e®EPf Pressnt ygationawiiph methad isreadily semmersaliyimplenentedime. 1 eact or
chanber; and (3) a cleaning of the seasoning polynmer |ayer fromthe
seasoned pl asma reactor chanber to provide the cleaned plasnma reactor :
chanber, prior to ' . Licon l.ayer tg farman etched second
silicon layer for ngég{;)ﬂ\?g?m éﬁgh%g’%'%ggs?ﬁwgtp?easfrg *wy%Pﬁ“’éh 8‘5%‘? BSﬂVfPﬁgtaﬂ? SHf&8di ng
steps (1) meth8d foRhnfib)an cldhed BREIGycR! 6 BRCAARERbrbANERE bRlerds SR Irc
comercially inplemented. The present invention enploys an apparatus Whi ch
(’\;} gener aib figst prowided @ ifics albsirate hirnéngformed therdbesr a g ilicdtThyer | aleteCigtiean. Since
't is a process control and materials selection which provides at " least in
part the §¢hed thnfirstpilispm lager to formrsvetehied first bilicomiayst whiteenyfloying fpldsnaetch

appar at usmv?gé(fh $r.ovi es the $r' sePt dnvention, the nethod of the present
i nvent i orf"f'40% FIRIPYIUE 2 BIATTRA TERh rl‘%'am TR EFRRHTCHRR Wit PlsmESChnPIIsON OF THE
DRAW NGS '

composition which upon plasma activation provides at least one of an active bromine containing
etchant species and an active chlorine containing etchant species, wherein within the plasma etch
method: (1) a cleaned plasma reactor chamber is seasoned to provide a seasoned plasma reactor
chémber hav_ing a seasoning polymer layer formed therein; (2) the first silicon layer is etched to
form the etched first silicon layer within the seasoned plasma reactor chamber; and (3) the
seasoning polymer layer is cleaned from the seaéoned plasma reactor chamber.to provide the
cleaned plasma reactor chamber after etching fhe first silicon layer to form the etched first silicon -

layer within the seasoned plasma reactor chamber, prior to etching a second silicon layer to form

-

an etched second silicon layer formed over a second substrate within cleaned plasma reactor

chamber while employing the plasma etch method in accord with (1), (2) and (3).

The present invention provides a plasma etch method for reproducibly and
- controllably forming an etched silicon layer within a microelectronic fabrication, where the etched

silicon layer is formed with attenuated residue (such as but not limited to particulate residue) and
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The objects, features and advantages of the present invention are
understood w thin the context of the Description of the Preferred

Enbodi ment, as set forth below. The Description of the Preferred En ddf & 4006
is understood within the context of the acconpanying draw ngs, which form
a material part of this disclosure, wherein: 21 FEB 2006 Fig. 1, Fig. 2,
Fig. 3 and Fig. 4 show a series of schematic cross-sectional diagrans of a
pl asma react or chanber at progressive stages within a plasnma etch nmethod in
accord with the present invention. Fig. 5 shows a plot of Plasm Reactor
Chanber Sehesothe nlpsPokighmethod exhibits enhancedissleRkivitydor thé eShwsbsilicat dayePwiticessed,

for a series of s bstratesvgr,ocess d wthin a pla reactor chanber in

e :

accord wieipestia 2stisanepniainioedieledrc lapprsdn By Siee R oA ysrir et ENBODI VENT
The pres | OV, i i . r..reproducibly and
controll iﬁ%sﬁh%oor ﬁensgﬂgﬁgﬁ%ﬁgg dfg}egén??)aﬁgrl xﬁ@lﬁ?th\%ﬁ% %?%eééporlﬁwcfr%g%ﬁaé%%r@}%c
fabri cat l(ﬂéhcnt\m&éhﬁort RS fh!é?@reg&h% bl56us byAsnloving WihidBe présbh ilehGoH f@edd
resi due (such as but not limted to particulaté contam nation residue) and
wher et helghakplamatredvtarehdvolsbr sodkdrbing t© peatidecseesonel sledntanetgtor dambérchavig @hed
silicon layer with respect to a silicon containing dielectric |ayer when
t he et chéeasenipg peyimen laxes formed theraims @) asingleesupstamtecsilicon dfyer ¢iehing withip phe
cont ai ni ng dielectric *ay r within the microelectronic. fa ric%tio . The
ot hod 0PRSS AFcicR YRR CE 00 C3)1 SRaBing RET SrabTEHRP OB dBE KBy Bhrp) oyi ng
W thin t . . ' I I ctor

ans?%e?lxl’%mg tré\a@to%ﬁ%ﬁ%f td ;;'r)mﬁe fifg %E%Eg HJgarsT%é Igé%ﬁﬁ)r %ﬁz{}rﬁ%r, Jr F(?et(t,l%gg

chanber to seasone asma reactor avli ng a 'seasoni ng

pal ynmer laay&ind smcsigyer Refotinn efcldd Secdhd\@lcBn lagetidimedtivesh bdcoANslbRYAE walie hi ng
thin the seasoned plasma reactor chanber; and (3) a cleaning of the

seasoni ngmphlyingelie preceding btepsi(10,1@) sel8hned pl asma reactor chanber to provide
the cl eaned plasna reactor chanber, prior to etching a second silicon
| ayer to forman etched second silicon |ayer formed over a second

substrate whil e enpl oyi t recedi ng. steps. (1), (2) _.and (3).
' rT’Phe %etggd otht?le Bresent gwen ion l'is- eadilg' c%mm(erc)lally implgm%nted. The

present invention employs an apparatus which is generally conventional in the art of
microelectronic fabrication. Since it is a process control and materials selection which provides at
least in part the present invention, rather than the existence of methods and apparatus which
provides the present invention, the method of the present invention is readily commercially

implemented.

BRIEF DESCRIPTION OF THE DRAWINGS

The objects, features and advantages of the present invention are understood
within the context of the Description of the Preferred Embodiment, as set forth below. The
- Description of the Preferred Embodiment is understood within the context of the accompanying

drawings, which form a material part of this disclosure, wherein:
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.2.1 FEB 2006 The plasma etch nethod of the present invention may be

enpl oyed for formng fromsilicon layers including but not limted to
monocrystalline silicon |ayers, polycrystalline silicon |ayers and21 FEB 2008
anor phous. silicon layers etched silicon layers including but not lirnited
to etched nonocrystalline silicon |layers, etched polycrystalline silicon

| ayers and et ched anorphous silicon |layers within mcroelectronic
fabrications including but not limted to integrated circuit

- mcroel ectronic faS;icaLions ceram c substrate mcroel ectronic
fabrications, solat&di¥ig isélaed Figofskow sarisepbsshematicerossisestivatli dirgsams

sensor | ar tpel.ectronic mcroelectronjc faprications and display
mge. ar 1oy PABE kR HBIEE o FPi Sl clag Wit ARl MeoRdY BRPITIhEN t o
Fig. | toprkdeitinfontiblier € i s shown a series schematic cross-sectiona

diagranms illustrating a plasma' reactor chanber at progressive stages within
a plasma etch nethod in accord with the present invention. Shown in Fig. |
is a schematic cross-sectional diagramof the plasnma reactor chanber at an
early stage in prafig &§shw¥s 4 plet ¢fPlasma Rercibr Glentbed S efsotifePgiyaseOsntent

i nvention. Sh i.s a cleaned plasnma reactor chanber 10 having

wn_in Fig. |
fabri cat e"&“Pﬁg‘FE‘P?f of Su trafes A raosssedJor & sqniel sybBtsiEspyocssysd mithin silpimeed i n
the art, ctor _chanbers are.available in any of several types,
si zes anda%%%gﬁaﬁgﬁﬁi%ﬁg%égggggpﬁﬁ EY*URG desirable to plasma process any
of several types of substrates as are enployed within various types of
m croel ectronic fabrications. Various of such types, sizes and
{canfigurations of plasm reactor chanbers are disclosed within the various
Teferences cited within the Description of the Related Art, the disclosures
of which. - referenceBESCRIPRIQN §3F FHEPREFERBREDUEMBODIVENT ence. As i S
simlarly understood by a person skilled in the art, the platen 12 as
illustrated within theschematic cross-sectional diagramof Fig. I is sized

appropriately to 0, i e substrat e enplayed wi.thin a m.cro electronic
fabrication ~whi cﬁﬁﬁes g%&?‘ltmé%"t%g%l p@ﬁﬁ{ew Pqua"ni)ﬂgl}lﬁlf’@gpréoré?ﬁrﬂd%l?lﬁ 8% of the
present  comeIMabI® Pormirig an etched silicon layer within a microelectronic fabrication, where the etched

silicon layer is formed with attenuated residue (such as but not limited to particulate

+contamination residue) and where the plasma etch method exhibits enhanced selectivity for the
etched silicon layer with respect to a silicon containing dielectric layer when the etched silicon
1ay¢r is formed in the presence of the silicon containing dielectric layer within the microelectronic
fabrication. The method of the present invention realizes the foregoing objects by employing

(' ' within the plasma etch method: (1) a seasoning of a cleaned plasma reactor chamber to form a

seasoned plasma reactor chamber having a seasoning polymer layer formed therein; (2) a single
substrate silicon layer etching within the seasoned plasma reactor chamber; and (3) a cleaning of
the seasoning polymer layer from the seasoned plasma reactor chamber to provide the cleaned
plasma reactor chamber, prior to etching a second silicon layer to form an etched second silicon

_Iéyer formed over a second substrate while employing the preceding steps (1), (2) and (3).




21 .FEB 2006 Referring nowto Fig. 2, there is shown a schematic
cross-sectional diagram illustrating a plasma reactor chanber at a further
stagé within the plasma etch method in accord wth the present i[ﬁvprP%ﬁﬁ
Shown in Fig. 2 is a plasma reactor chanber otherw se equival ent® t 0 the

cl eaned plasma reactor chanber 10 whose schemati-c cross-sectional diagram
Is illustrated in Fig. 1, but wherein there is forned upon interior
surfaces of the cleaned plasma reactor chanber 10 a seasoni ng pol yner | ayer
- 14, thus formng fromthe cleaned plasma reactor chanber 10 a seasoned
_plasma reactor cha pﬁsﬁla.et%i“ﬂelﬁ]?%"cf RiFsEntdRYSaHoRMBLbE srenieyed ffor faamipg esent

I nvention : SO NG y r ' ypi.cal Ly and preferably
forned of frgﬁlg glacglg% ngmgg)ﬁlgglﬁglrjyﬁgglg&t% méhéeélc@(%:ttafé%g Iﬁ%?&l%lyﬁg’ Bel th(’l&q udi ng
but not | iiliionasfetsind Gibbrihotd dilicoR tyad drcRE DM AIR 1458 R Ahdibut SGARH N RRLY Ter
material; (2) a silicon, brom ne and oxygen contai ni ng seasoni ng poFyrrer _
mat er i al ; mp@jcrystadlineisiioon lapets, etvhed poigcrpedinenilioon RMrY AR etéfRE @mbAhoud dlcod
silicon, chlorine and oxygen containing seasoning polynmer material; (5) a
silicon, HY%WBH&HW@]WWM@@@%@@mchrglqucbluymdirnthceintegmemuﬁ 6) a
silicon, Il]r)nrcporr]' nﬁ% .CFI ar itne and ox ggn seasoni ng .pol yner material. Wthin
the pref ePIFRFeEHEUG FARERtIORS: cFrﬁ’é“Cp#/‘ BismEioslspireinfabfigptionss selarrfiely pol ymer

| ayer 14 NepsTel VA of at |east three seaspning

pol yner Iéamgée(erlé& S{I@mt | oﬁ]g&we@h%%é%’es Fsl%f ’sl?ag&arr%@tg?le&‘é)é‘éctm‘f”?ﬂeé@r%%soni ng
pol ymer | fahreatidrdraf@ tis Badsy & q?@% Qg pol ymer |ayer
formati on nmet hod whi cﬁa)énn%%oysgjg %ﬁ?ﬁegtr‘gﬁ?‘é%{%\g’?%gnﬁ;( gﬁ&gi | i con oxide
f('igat ed dummy wafer in conjunction with a seasoning plasnma etch nethod

l&e*rrpl oying at |east one of a brom ne containing etchant gas and a chlorine
cont ai ni ng et chant Rg&&ingmpy tg Fig. 1ite Kig. éxthere icshawed seiinssphenatie crosfisectional

conj unct ié;n W t.p a seas nin laspa etch nmethod enploying at 11 21 FEB 2006
iagrams i lqs ating a plasma’reactor chamber at progressive stages within a plasma etch method

in accord with the present invention, Shown in Fig. 1 is a schematic cross-sectional diagram of

the plasma reactor chamber at an early stage in practice of the plasma etch method of the present

invention.

Shown in Fig. 1 is a cleaned plasma reactor chamber 10 having fabricated therein a
platen 12. As is understood by a person skilled in the art, plasma reactor charﬁbers are available
in any of several types, sizes and configurations as are needed and desirable to plasma process any

( | of sevgrai types of substratgs as are employed withip various types of microelectronic fabrications.
' Various of such types, sizes and configurations of plasma reactor chambers are disclosed within
the various references cited within the Description of the Related Art, the disclosures of which
references are incorporated herein fully by reference. As is similarly understood by a person
skilled in the art, the platen 12 as illustrated within the schematic cross-sectional diagram of Fig. 1
is sized appropriately fo accommodate a substrate employed within a microelectronic fabrication

which is fabricated employing the plasma etch method of the present invention.
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| east one of a brom ne containing etchant gas and a chlorine containing
etchant gas, in addition to an oxygen containing etchant gas; and (3) a
si-li con dumy wafer in conjunction with a seasoning plasma etch HE?EQQﬂBZMB
enpl oyi ng at | east one of a brom ne containing etchant gas and a c [
contai ning etchant gas, in addition to an oxygen contai ni ng etchant gas.
Wthin the preferred enbodinent of the present invention, the brom ne
contai ning etchant gas is typically and preferably selected fromthe group
romne, while the chlorine containing

- consi sting of hyd ogép brom d g
etchant gas is typicar 8£ﬂHt5F@f theye is bR & sehemetioerpsstisctipnal dagsamsi st i ng
of hydr ogr&r&Raban r h|n th pr
enmbodi nent ofﬁt Egﬁ[l)érgglgg%?t&:a h@g}ﬁpi&gnf% rsgigé%“g]\#t}é ?Sg}ar?(i}i' %{’%‘{fﬁﬁfm@gs is
t ypi cal | ywithdhepredear iabdniosel ected fromthe group consisting of oxygen,
ozone, nitrous oxide and nitric oxide. Mst typically and preferably, the
brom ne containing etchant gas is hydrogen brom de, the chlorine containing

etchant gas is chlorine or, gdro en chloride and the oxygen containi ng
etchant gas is oxygdlwnin¥ign? san %Fmﬁ@ﬂcmr@hm%bynenmaeeqdum todlessieaned

winin a BRIl R ot Fhemaiiserss Beptos Seagpaéruasonr'srr' e il
processi Ngh@8n %&@;s foidih ugﬁ)r?{gf‘eglg u?fdg%g)rfﬁe clea@'c% @?S rg%unqar (?éal?a}gqu ) ¢ hanber

10 pressure of from about orv 4 r equency
From 2 Mo Lo e La M ang s dent il bty phengHeee: (RS 1 SRS
awatts; ( mlasmapmhmm 116" Witiamthe pref@rddesmbediadert @ftﬁ@ﬁke@endm%ﬁﬁo waé er
enperature of from apout 20 to about 200 degrees centigrade; (4) a brom ne
and/ or  cKitOPE BO'é’B'ﬁ’E YHilfds wrieHhisnd geeferabilnlormed of aﬁea#ommmpalymet mi@ritlo about
200 stan centi .m.n scem ; an oxygen contai ni ng
et chant SS%Q[F (? oW r a? Eopp ! nﬁl §B§lﬂ‘ hT“F% di'lﬂlw% aug bramine goztaiing
centi met i,de COO|I ally and
QefSoRag pdl Hrtrﬁatéﬁzﬁ\cl(a? a mfglc%?ni BroR@EkEk gen cont 8& s?als?ﬂ#gbcg ;)]/_

preferably but excl usi um at a gsof to

about 50 nhaperial; EE.’Bl)da gilicoh |aﬁ&\61ﬂbxﬂle(%f:asf)ﬁl @'}i@{?ﬂbﬂma?teﬁé? @5)9 WhiconOcrdAHadak gxféépl' ¢
centimeters per mnute (sccm; (7) a
containing seasoning polymer matenal (5) a silicon, bromine and chlorine seasoning polymer

material; and (6) a silicon, bromine, chlorine and oxygen seasoning polymer material. .

Within the preferred embodiment of the present invention, the seasoning polymer

layer 14 may be formed employing any one of at least three seasoning polymer layer formation

methods.

7

The first of the at least three seasoning polymer layer formation methods is a
dummy wafer seasoning polymer layer formation method which employs in the alternative: (1) a
silicon oxide coated dummy wafer in conjunction with a seasoning plasma etch method employing
at least one of a bromine contammg etchant gas and a chlorine containing etchant gas; (2) a silicon

oxide coated dummy wafer in conjunctlon with a seasoning plasma etch method employing at

11



21, FEB 2006 magnetic field of up to about 200 gauss; and (8) a plasm
seasoning tine of fromabout 5 to about 120 seconds. The second of the at

| east three seasoning polymer |ayer formation nmethods is an in-sitQs FER 2008
seasoni ng pol yner | ayer formation nethod wherein a product substrate having
formed exposed thereover a silicon layer, or a silicon layer in the '
presence of a silicon containing dielectric layer, such as but not limted
to a silicon oxide dielectric layer, a silicon nitride dielectric |ayer or
a silicon oxynitﬁége dieleciric |layer, is plasma etched at a conparatively

| oner pl a3 OB gERProgiine coniaping sichait eap gad cipsine ceiuipias cichanvsas iheddisiomte t o
formthe ' e . thin the seasoned Jr.eactor chanber

10 i | T oeah bt BEfant B8 & s Mool S T SRS Pl st
when enpl pigetdPmERod b&qp!oﬁﬁgmgasﬂ&xer@*a%?&mn% &ﬁﬁa‘?nifégseta%{ %’32’3)%% a ?ﬂ)onﬁ
silicon containing seasoning polyner layer formng gas; at l'east one
of a brontemeitiogttahant pey, inwddisionio REgst®@ntalnngstchhay '.nWimalsrha?&f@reth orine
cont ai ni ng seasoni ng polyner layer formng gas; and (3) an optional oxygen
‘cont ai ni nemiasiment phidhe prasentinventippethe bommineepniparing etbientegas hetypiasltyend t wo
~seasoni ng R I r.layer form ng gases are provjded in_accord with choices
for the bP S%f%g’e Se]z?ﬁtﬂyg"l"méﬁ? &er éoﬁﬁﬂ?%?flr’hyﬁﬁ’gé‘i bremde agd brogrge. thde ghey gen
containin : ' > above | pyed within the.du

wafer seadR e b Do S Al PRI el S HrEHER R GRS tib e iy
seasoni nonyardgémehlofideyAid chierine. "mAas, YR¥inRk %@i}ef?gdﬁag?gdqrﬁéﬂt %F&e%‘i’&gﬂ

i ncluding but not limted to silicon bromide may al so'serve as a

- {bromi ne covantibmitigoxygesantaingathanbgasistypicallyfagd pieRgabips)ectedifdnt 8RR group
“tetrachl oride (which nay al so serve as a chlorine containing seasoning
pol ynmer | W@Ftlﬂgdﬁf REYESD.CRFENe, Aitepus Pridpand nitpigioxide. Yoattsipipallyfand abdfgrably,be
In-situ éﬁasoni n 'ﬁ:ﬁ' yrrgr | a _eE%J ormng method will enploy when form ng
the seasohffif® ﬁ?}ﬁ?‘ B CIChI gasyis hygreganbromide. the shlenng cagming eigheariygag Banber
10" enpl qyfeink 8F nRk hiBLEL. i N n ejight inch di ameter substrate: (1) a
ol asma. 1 o) s 1%;,9;[ SR RnBli A Hhe &y%en congaxmng AéHnf gas 1S oxygen. .
Typically and preferably, the dummy wafer seasoning method will employ when
' forming the seasoning polymer layer 14 within a seasoned plasma reactor chamber 10' employed
for plasma processing an eight inch diameter substrate: (1) a plasma reactor chamber 10 pressure
of from about 1 to about 500 mtorr; (2) a source radio frequency power of from about 10 to
about 2000 watts at a source radio frequency of from 2 MHz to 13.56 MHZ, and an external bias
(. . power of up to about 500 watts; (3) a plasma reactor chamber 10 temperature and a dummy
wafer temperature of from about 20 to about 200 degrees centigrade; (4) a bromine and/or
chlorine containing etchant gas flow rate of from about 10 to about 200 standard cubic
centimeters per minute (sccm); (5) an oxygen containing etchant gas flow rate of from about 1 to
~ about 50 standard cubic centimeters per minute (sccm); (6) a backside cooling gas, typically and '

preferably but not exclusively helium, at a pressure of from about 1 to about 50 torr and a

flowrate of from about 2 to about 50 standard cubic centimeters per minute (sccm); (Ma

12



21. FEB 2006 chamber pressure of from about 50 to about 1000 ntorr; (2) a
radi o frequency source power of fromabout 10 to about 1000 watts at a
source radio frequency of from2 MHZ to 13.56 MHZ, without an exteyqaEp 2006
bi as source; (3) a plasma reactor chanber 10 and product substrate
tenperature of from about 20 to about 200 degrees centigrade; (4) a silicon
cont ai ni ng seasoning polyner layer formng gas flow rate of from about 1
to about 200 standard cubic centinmeters per mnmnute (sccn); (5 a brom ne
and/ or chl ori ne ai ni sonin | yoer | ayer form flow rate
of 1 om APRITITIE O Sps0abous 30 Erithad B e e s of frd Ahiui Gt h@itan :
(6) an opbpahds OXygen contai ni ng seasoni ng polyner layer formng gas flow
rate of fromabout 1 to about 50 standard cubic centinmeters per mnute
(sccm; (7) a backside cooling gas, typically and preferably but not
exclusively helium at a pressure of fromabout 1 to about 50 torr and a
flowate of from alibesecénd af thdxoddasttBres seasckangipalyinr tayeefimaidnanah@iBris 46 nut e
(sccm; (8), a magnetic field of up to about 200 gauss; and (9) a plasnma
seasoni nd-sifthigaspning pelymgplayer formatommeted z«b@remwg@.t subistrate hgvingiformedh t he
preferred enbodi nent of.th resent invention the thirg of the at |east
three s e§§lﬂ)%l‘“ﬂg’ef?8]"?}'r?e§fhcf”é@§& Pt Q,liqqg T"ﬁfﬁ'i IR &RfPresency ‘&&F&F?’é%@‘@%‘&% oni ng

pol ymer ld?eYe%{ric l‘ji F@P&Q&s%ﬁ{ Jﬂﬁ%ﬂ'n\ﬁ{@& ﬁ'r'a gﬁ%ln e ieReAR IVl G SHI%LX Hx?rﬁdel cﬁéﬁg livic
form ng gas conposition enploying deposition parangtérs and Timts A

enpl oyed 1y ol WlidoR ofyritidS Gereant RYPRIPHRRE elcANPIt alcBmPhivelyRiPHlasAs above,
but without the presence of the product substrate, or any other substrate,
{within tpewel adradmphratvely highe tartoc bizniber préSured forimthe bansorind polyme layer
“enbodi nent of the present invention there may additionally be enployed

wi thin ah§ wthinthe sesmed iasgr ehember 100 whilmrai gamesiseibe praspel subsirats. nigndest hods
an opti-onal fluorine containing etchant gas/seasaning .gas,, such as_ put not
i Ced TSRO URE VO FIRIS P PLSHOABE SO, Fthg® ETRRSHE ()% sitcon

gas/ seasgi A ; g ' - al ning. et chant

gas/ se'asgérﬁt%gn g%s &tl)ltﬁapo?%'ltlgrgtgyf{%fé@g%g%%ﬁ%%&#%ﬁ%?ﬁ%ﬁg%‘ﬁaﬁb &g%t 7 seasoni ng
gas, at geakdrny golrker Myerlrming gas and a chlorine containing seasoning polymer layer forming

gas; and (3) an optional oxygen containing seasoning polymer layer forming gas, where the latter
two seasoning polymer layer forming gases are provided in accord with choices for the bromine
and/orrchlorine containing etchant gas and the oxygen containing etchant gas as disclosed above
as employed within the dummy wafer seasoning polymer layer formation method. The silicon
containing seasoning polymer layer forming gas may be selected from the group including but not

limited to silicon bromide (which may also serve as a bromine containing seasoning polymer layer

N
§ i
oo

forming gas), silicon tetrachloride (which may also serve as a chlorine containing seasoning

- polymer layer forming gas) and silane.

Typically and preferably, the in-situ seasoning polymer layer forming method will
employ when forming the seasoning polymer layer 14 within a seasoned plasma reactor chamber

10' employed for plasma processing an eight inch diameter substrate: (1) a plasma reactor _

13
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21.FEB 2006 from about 1 to about 100 standard cubic centineters per

mnute, npre preferably fromabout 1 to about 20 standard cubic

centineters per minute (sccm. Simlarly, and in particular with égsrgéé:tms

to the waferl ess seasoning polynmer layer formng nethod, it nmay al4
desirable within the present invention to enploy within the cl eaned pl asna
reactor chanmber 10 a ceram c chuck, rather than a polyimde coated chuck,
in order to avoid attack of a polyimnmde |ayer forned upon the polyimde

i ch i hods.
coat ed. chulrtaeieRh #SALSAARAD A0 R0 IR (AMSEal SIS, TRLN0dSe oo

Referring now to Fig. 3, there is s own a sc

i |1 ust r at fromg aboup |1 @ soTaboue 200000 at BT Brcethdia ﬁfeaﬁénbﬁsfﬂrﬁﬂm n%’f? etch
met hod in accord with the present invention. Shown in I's a pllasma

react or cwihayéan extérealibizs sowoy i(3)ad mastnatreactdrehsats 00 gt prblhﬁﬁ B@osfr@@Ct or
chanmber 10' as illustrated within the schematic cross-sectional diagram of

Fig. 2, Uoperivesfiffem ahoublq to abeut 200 segrgesqentigrades (4 laatlicon dchtainiag batormige 16

whi ch i 4h | h.pl 18 whi ch | t |
supp ehérﬁeoﬁkﬁ"’ayé”esg%‘ﬁg% o i g‘%?reqféogiéapuahfq WoROIh enagphe s por
_ ' N d_pl t

chanber T8 R e (9N e bt e SRR SR e il e en et e "

L

Cr 0Ss- seatie@fiftbmdbogr @b abdut BOYstarkiard &%lo%éﬂﬁﬁétér% ‘ﬁeﬂﬁnﬁt%%f ﬂig %’aﬂmi ﬁ;ﬁfo‘ﬁ Ver

silicon |layer which is etched to forman etched Silicon
si | i con |oXy&an centaining|seasaring olymerdayesr Farming gasflew ramyfib@mfasdsumc{ofab@m5g

sl l'icon g&flgrl al. .sel ected fromthe group consisting of nonocrystalline
silicon l gyhic cenfpieters ReE minute (seemd; (7) @ backeide evdling gas ity aphpreferablyl i con

terial f er abl h not exclusjvely, the sil
ayer i o otk il SRR Yoo ghold A afivn S8 et Ko vista of fom o con
contain aBod? 216 aBBRE K0 Qﬂaﬂ(iﬁ&wua&ceﬁ%&éfs% rmﬁ:ﬁ&*tsc?c%)bd% 2 BRbndic Beldth b % 2

S|I|con oxi de 15 21 FEB 20
about 200 gauss; and (9) a plasrna seasoning time of from about 5 to about 120 seconds.

Finally, within the preferred embodiment of the present invention the third of the at
. least three seasoning polymer layer forming methods is a waferless seasoning polymer layer
forming method which employs a seasoning polymer Iayef forming gas composition employing
deposition parameters and limits as employed for the in-situ seasoning polymer layer forming
method, as above, but without the presence of the product substrate, or any other substrate,

within the cleaned plasma reactor chamber 10.

Within the ‘préferred embodiment of the present invention there may additionally be
employed within any of the foregoing three seasoning polymer layer forming methods an optionél
fluorine containing etchant gas/seasoning gas, such as but not limited to a nitrogen trifluoride
fluorine containing etchant gas/seasoning gas or a sulfur heiaﬂuoride ﬂuorine containing etchant

gas/seasoning gas, but not .'a fluorocarbon containing etchant gas/seasoning gas, at a flow rate of

14



har.d mask dielectric material, a silicon nitride hard mask. dielectric
material or a silicon oxynltrlde hard mask dielectric material, or in the
al ternati've a photoresist mask material, although photoresist nasb1 FEB 2006
materials are not preferred since they may either add carbon to

suppl enmented seasoning polynmer |layer 14', or in the alternatlve add
various contam nants to the substrate 16. Simlarly, the silicon |ayer

will often be forned in the presence of a silicon containing dielectric
llayer, which if not enp ed for formng the hard mask | ayer may otherw se
be in confeabawtd o P‘Pfélt (3/ #tiiréiﬁﬁi quagﬁéﬁntlw@hp%rgmnwte,rm@rxmf*treblaﬁdmbpwoht

ot of ot r eo &R A R4 A %‘éeﬂb T FIRAL PR W e P S i con
| ayer et Cl@sp%te@'ﬁ?e \}ﬁ'erletsp?ea g%grrleefily St 16 F%Rllet\‘;ﬁﬁﬁth%g%ﬁly pc&l r%le;\g} hin i on

preferably enpl oys an etc S conposit asna

forns at thep(ﬁent)meerﬂibnwezﬁﬁlbj( \t&hilﬂrtﬁ)é'@léhﬂed pleddAktAEhehER a0t SRERE §RicRND an
active chlorine containing etchant species (such as may be forned from an

et chant gathei tharl aipélyiqideutoated chudknintoedtr t@avvydirtagle of bpsigimiti layer f5tine€upon
hydrogen chloride and/or chlorine), along with an optional oxygen

cont ai ni riBe RAlvimidecoatsd shusk by dheatesats spasening peiymerlasier &ximing mesthasien, ozone,
nitrous oxide or nitric oxide) and an optional fluorine containing etchant
speci es (such as but not limted to nitrogen trifluoride and sulfur

hexafl uoride). Mor Refemnﬁfn%{vatg Fe. 30 fhEreSd h'ogrﬂg sEl?eYr%'Elc gxtogpse% iahBrE TPl OY'S

.an et chant gas conpositiron co r| 51 ng rogen brom oxygen-and

{ni’t r ogen iltusirftingarplaita rEackheRarstes bi zﬂﬂlrtﬁerssltdgle @i pRAYAE etcR nfefoMiRibcBidChied
silicon | ayer over an eight inch dianmeter substrate 16 within the

~ suppl erremlnealrespntsemt;md pl asma reactor chanber 10" as illustrated within
the schematic cross-sectional diagramof Fig. 3, the silicon |ayer etch
pl asma 18 al so errpl oys: (1) a reactor chanber pressure of fromabout | to
about 500 ntorr;

m% 21 fresg#enc ecﬁ' ree power of .from about 10 to
about 2000 watts a TG 615 2 15 47 afrre%%‘lf B° se equivalent to the seasoned
plasma reactor chamber 10" as illustrated within the schematic cross-sectional diagram of Fig. 2,
but wherein there is positioned upon the platen 12 a substrate 16 which is etched within a silicon
layer etch plasma 18 which simultaneously supplements the seasoning polymer layer 14 to forma

supplemented seasoning polymer layer 14' within a supplementally seasoned plasma reactor

chambcr 10",

_ ( Although not specifically illustrated within the schematic cross-sectional diagram
of Fig. 3, the substrate 16 has formed thereover a silicon layer which is etched to form an etched
silicon layer within the silicon layer etch plasma 18. The silicon layer may be formed from a
silicon material selected from the group consisting of monocrystalline silicon materials,
polycrystalline silicon materials and amorphous silicon materials. Typically and prefefably,
although not exclusively, the silicon layer will be masked with a mask layer which may be formed

from a silicon containing hard mask dielectric material, such as but not limited to a silicon oxide-

15



21 .FEB 2006 from2 M4z to 13.56 MHz and an external bias power of up to
about 500 watts; (3) a substrate 16 and supplenentally seasoned. plasma
react or chamber 10" tenperature of from about 20 to. about 200 deg%?quB 8
centigrade; (4) a hydrogen brom de flow rate of from about 10 to about 2608
standard cubic centinmeters per mnute (sccm; (5) an oxygen flow rate of
fromabout 1 to about 50 standard cubic centinmeters per mnute (sccm; (6)
a nitrogen trifluoride flowrate of fromabout 1 to about 50 standard

: bi ' [ S - ! ksi d | j , typigcall
| Cubl CenbTag SRt WU es BERT st iy P RRLAE AR 58 JRSh okl
to about BAdhAENJRREB matdia bR ehOitekdaavR re. t%%flél%g%}ial58th%{n§1{‘dar d cubic
) ghetic tre 0

centineters per mnute (sccn); and (8) a of "up about 200

gauss. Repletotesis muskuntacerils gre rbt plefigfed sine SBPWRy SR RN @H0R 16 &%ﬁpﬁi@xﬁéﬁ%‘al
diagram illustrating a plasma reactor chanber at a further stage wthin
t he pl asn¥fasanig neBes ryeml 45 oc brthe alisirnative hdsl yarieseotaminaatstt dre. subhigia1é.n Fi g.

4 is a schematic, cross-sectjonal djiagramof a plasma,reactor chanber
ot herw s eﬁgﬁl‘é‘ﬁﬁ» 3‘?%‘1‘.‘%"0{‘ bﬂYth‘@hé’ﬁﬁ'bP%ﬁ@ﬁ?damltge Hewamia spicen pantaining diglecttisanber
10" whos ' - td hagramis illusirated in Fig. 3, but
P b UL R e A AR R
seasoni nGsilioh el skobVes!fod famplathnd GAH5RIHhitafofas IR hBLain R HHINEL PR

I of t cl'eaned pl asna

al t hough not necessarily identical, to the condition

reactor sdisantayer. 10 as illustrated within the schematic cross-sectional
diagramof Fig. 1. To thus strip fromw thin the supplementally seasoned
{pliasma reactor chanber 10" as illustrated within the schematic

cross-sectional diagramof FEig. 3 the suppl emented seasoning polymer |ayer
14" to provide the ‘héﬁlfgare&?rggr?ﬁlb%‘a’_@? tRERIRISEY IRt yih resped imthec cr oss-

sect i onalgdih ARt a B drSy1d thated in Fi and, Fig. .1 there is typically
and pref ar a%l?ygrenpﬁ (S)pydesh-‘l agﬁ’ﬁg%ﬁ%égeé 5%% pﬁsma fs g’p%auy dnd preferably emp%?’s an
' etchant gas composition which upon plasma activation forms at least one of an active bromine

containing etchant species and an active chlorine containing etchant species {such as may be
formed from an etchant gas including but not limited to hydrogen bromide, bromine, hydrogen

. chloride and/or chlorine),'along with an optional oxygen containing etchant species (such as but
not limited to oxygen, ozone, nitrous oxide or nitric oxide) and an optional fluorine containing
etchant species (such as but not limited to nitrogen trifluoride and sulfur hexafluoride). More
preferably, the silicon layer etch plasma 18. employs an etchant gas composiﬁon_ comprising

(' ) hydrogen bromide, oxygen and nitrogen trifluoride.

When etching a silicon layer to form an etched silicon layer over an eight inch
diameter substrate 16 within the supplementally seasoned plasma reactor chamber 10" as
- illustrated within the schemaﬁc cross-seétional diagram of Fig. 3, the silicon layer etch plasma 18
also employs: (1) a reactor chamber pressure pf from about 1 to about 500 mtorr; (2) a radio

frequency source power of from about 10 to about 2000 watts at a source radio frequency of
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pl asma stripping nethod, typically and preferably enploying an etchant gas
conposi tion which upon plasma activation provides an active fluorine
contai ni ng etchant species. Mre typically and preferably, the egqheggzﬂﬁs
conposition enploys at | east one of nitrogen trifluoride and sulf
hexaf |l uori de, and preferably not a fluorocarbon etchant gas. Wen stripping
t he suppl enent ed seasoni ng pol yner |ayer 14" fromwthin the

suppl enental |y seasoned plasma reactor chanber 10" which is enployed in
processing an_eight inch dianmeter substrate 16, the plasma stripping

net hod al & s {13 %GLI)/IH&a@@p@%@mﬁtbaﬁs|p9wers<e°ammlepupﬁa%wattsr,ésa)cataubstnamcanber

e of from about o about (2) rce radio

10" pre
fr qu;ﬁi;ﬂ;’ Frd Sprplsmags s%?fl & aé‘BBERaCt?f)g@"%"t Y5 t%fPPeéatE&Hfgu 0 3@k G iPequency

f 2 MHZ } 500 t
supp! onoritar 30 Riell Vonsdiite 't 5B Soie AU 48 R BRHLRIC 1Y B e ),
about 20 stdadQubic 28RInERMS R MIMBOScARRHS an ()ﬂ})ﬁg:ﬁ ﬂoﬂ'r&t’é%@%mtarbbﬁtl rabd: OF

sul fur hexafluoride flow rate of groma bout t o about 500 standard cublc

cent i met é0sstapdard wibic tentiretrnper nithjte @eda) () aditrapentrifigrigeBow katp bERbh b d
pr ef er abl y but not exclusively helium at a pressure of fromabout 1 to
about 50 ftt8epoutind standard wrbie éen@meﬁwmm(sczcm)t @) abedksids goglingrednitybicalipi ¢

gauss. - aernalEe P Bt ERhy nih éxéner%asp”%ﬁ’p Forratiat hio S ﬁ%{o%ca%b%”t 0
cr 05s- SCioliEbe ARSI t8hbdk S0 sndddGurR &ﬁme ehipePRINIE ARLACHITRY, 8l SO
optionally enploy a dunmy wafer. cf PR par i adumry

(waf er i s maghetizmeldfeg twhidi D06 fase! asma strlppl ng method, it may al so be
desirable within the present invention to enploy within t he suppl enental |y

- seasoned plasma reactor chanber 10" a cerami c chuck, rather than a
pol yi m de coated chuck, in order to avoid attack of a polyimde |ayer
formed upon the poR§femngaowdaFiedd.cherels $owe pechsmatioeross-sechprizhdagramt hod. 18

21 FeB 2(lfi)lstratlng a plasma reactor chamber at a further stage within the plasma etch method in accord

with the present invention,

Shown in Fig. 4 is a schematic cross-sectional diagram of a plasma reactor
chamber otherwise equivalent to the supplementally seasoned plasma reactor chamber 10” whose
schematic cross-sectional diagram is illustrated in Fig. 3, but wherein the plasma reactor chamber
has been cleaned of the supplemented seasoning polymer layer 14' and returned to a condition

(; equivalent, although not necessarily identical, to the condition of the cleaned pfasma reactor

chamber 10 as illustrated within the schematic cross-sectional diagram of Fig. 1.

To thus strip from within the supplementally seasoned plasma reactor chamber 10"
as illustrated within the schematic cross-sectional diagram of Fig. 3 the supplemented scasoning
polymer layer 14' to provide the cleaned plasma reactor chamber 10 whose schematic cross-

; sectional diagram is illustrated in Fig. 4 and Fig. I, there is typically and preferably employed a |
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s,

Upon stripping fromthe supplenentally seasoned plasma reactor chanber 10"

the suppl emented seasoning polyner |ayer 14' as illustrated within .the
schemmatic cross-sectional diagramof Fig. 3 to provide the cl ean%d [__gﬁ]ctor
chanber 10 as illustrated within the schematic cross-sectional d"é’g 28

Fig. 4, there is provided a cl eaned reactor chanber within which may be
processed a second substrate in accord with a process flowin accord with
Fig. 1, Fig. 2 and Fig. 3, where the second substrate has forned thereover

a second silicon |ayer ich is etched to forman etched secaond sjljcon
| ayer. B 3%%% Stihp fvﬁﬂi‘# REFALY "r?@tpﬁ‘%ifgw eMRloYinE ar elhant BRSOMPEHUAN BiSR
react or , i . i L . .chi . I eact Qr
Chanber ClEoanyma FARSAN eviash o bt Aol Sl e Ol ERRGE ARR RTS8
react or gjrefeRblysthestchhdt gad d’o@‘lf@ﬁiti&h &riplByst 40 Roast OnE BPilrb e tBRSorRR Gh QAT
diagrams of Fig. | to. Fig. ‘4, there is reproduci bly and controllably
provi ded hekafloeide, and preteeably not iz floomicirbometcleincged sil i con | ayer fornmed over

the substrate 16, where the etched silicon |ayer is reproducibly and
controllably formed with an attenuated residue (such as particul ate

.contami nation residue) formed upon the etched silicon |ayer forned over the
substrate 16 and ag‘}heéls?]é’ﬁlﬂﬁ cfggél%‘ﬂ?"ﬁedie%f‘s°ﬁ’n§ipP4Y@8¥£ﬁ%ﬁ%a‘%?ﬂlﬂ‘@‘h’di"h? ectric .

| ayer for, théhid Sedb b ikl 3 r .erring now to
Fig. 5, tsﬂgl?ee 'S 2 hgm&g%bgglgﬁéag%p E?a?sb%g e‘g@%frs %%_ﬁla? eI?I P T?éég%%m négl;gq’ls’ol ymer
Cont ent  \isshSlineNsblestrate!1 630 plabind SSipRheREDE dis empRyH|( B Rppeackaly chanber
in accord with the preferred enbodi nrent of the present invention. "As is

L1 Il ust r atseagonpd plasmalreagton ghambler £07 pressurepdifiioesabBifi0 t5,aboutei08 niterrs{2yweowmts hi n

Fig. 5 by JTE%”S of the dashed upwar dl ﬁ $oi nting arrows a portion of the
process &#91¢ HEYSP@iton #Rhi0dA ahpHt2HOO was stacpee rasimfrenmenayrafizidHde
seasonin I r. l,ayer within the se ned asma reactor chanber.
Sinilarl ;q/ 3%|8 rll%%:i%’rﬂnﬂ r%’ﬁs(g ﬂwewf?ullf tp ﬁléou_é gg@ &ﬁFﬁS£WW%WeWt Sie210Red RIagm2 shown
by addi t iR Thdniter 36 feRptiRR SHonPRidut b8 Eh HohLNR d]egregs éenEEédéQQ)Ga
' nitrogen trifluoride or a sulfur hexafluoride flow rate of from about 10 to about 500 standard
cubic centimeters per minute (sccmy); (5) a backside cooling gas, typically and preferably but not
+ exclusively helium, at a pressure of from about ! to about 50 torr and a flowrate of from about 2

to about 50 standard cubic centimeters per minute {sccm); and (6) a magnetic field of up to about

200 gauss.

Although not specifically illustrated within the schematic cross-sectional diagram
of Fig.r 4, the plasma stripping method may aiso optionally employ a dummy wafer. Similarly, and
in particular when a dumrhy wafer is not employed within the plasma stripping method, it may
also be desirable within the present invention to employ within the supplementally seasoned
plasma reactor chamber 10" a ceramic éhuck, rather than a polyimide céated chuck, in order to
avoid attack of a polyﬁdde layer formed upon the polyimide coated chuck by the plasma stripping
method.

18



t he suppl enented seasoni ng pol yner |ayer content within the supplenentally
seasoned reactor chanber. Finally, there is shown by the downwardly
poi-nted arrows the results of cleaning the reactor chanber of the,present
i-nvention to renmove therefromthe suppl enented seasoni ng pol yner 323}'—9@5 2088
is simlarly also illustrated within the graph of Fig, 5 there is a shaded
target range for seasoning polyner content within which it is desired to
operate the plasnma reactor chanber while enploying the nethod of the
present invention. mb‘bove. t he shaded range of seasoning pol yner content the
t hi ckness of seasohPRY SEBPIEEPM thy Bplsaenabsseatoned plpsrresctortuhekberdOt ithe hat

it is bely | aking occurs . .and. contributes to particul ate '
cont ani na%'l? %ﬁﬂ%n%%eggo@glggﬁpﬁf féy %jéras\?\*ﬂsgﬂe‘g wit ‘BF}FFBSG}?%“@FICF%%WI&%r whi ch

i s et cheqidabirik I . L.l ar| v, .under gondi.tions
wher e T e e SO a3 ERer 1 Chl D et g B s
chanber -cofss-aectiondl diugranestFig. athese iThRVINBYE a CREHED Sedchor %%ﬁtﬁ:?&?thﬁ%ﬁ% xjn%E '
observed a loss in selectivity for etching of the silicon layer Tormed
over t he bspisessed @ seopnd substedp acicedrd vathsi froenflawoint aztori ngth Fig. el 81t piagd | ayer
al so forﬁed over the substrate. As is understood by a person skilled in the
art, al t h&udn®bqre jhespeongd substrate hapformed therepyarsspcond siieon Ipyen swhicktiseichuidithi n

t he sche%%#ﬁgggﬁgﬁ%%h&@ﬂ diagramof Fig. | is disclosed as

equi val ent, fecessari | y identical, to the cleaned reactor
chanmber 10 as illustrated wthin the schematic cross-sectional diagram of
Fig. 4, and (2) it is typical and preferred within the present invention

{that the cleaned pBwenloyispwithin tehashes oftfe fosdnt nvsiioak @hsih t&ictdr thBnber
- Schematic crogss-sectional diagramof Fig. | be fornmed enploying the plasma
st ri ppi néfAFRnNged siieon layep eishiag atda plreamavieayor dhembéredmaidg fraatinsingthaibese 10 as
i'llust ra#,agd within the schenmatic cross- sectional diagramof Fig. 4 from

t he suppleRHigadarihin the plasma seasion Shambers g illystrateawislip theschematicicrasseatianad

Vr;net E'Og g@gg@gpgﬁﬁéﬁcogfd%%s ihse?ecig iréf;?gducgiy%% %gr]_ltxggllaé:liy %fov?ded\(\vkgt%nanie%énicgc} 'ng the
uniformity an etched silicoq layer formed over the substrate 16, where the etched silicon layer is
reproducibly and controllably formed with an attenuated residue (such as particulate
contamination residue) formed upon the etched silicon layer formed over the substrate 16 and an

attenuated etching of a silicon containing dielectric layer formed in the presence of the etched

silicon layer.

( ; Referring now to Fig. 5, there is shown a graph of Plasma Rea&or Chamber
Seasoning Polymer Content versus Number of Substrates Processed for a plasma reactor chamber
in accord with the preferred embodiment of the present invention. As islillustrated by the legend
which accompanies Fig. 5, there is shown within Fig. 5 by means of the dashed upwardly pointing
arrows a portion of the process of the present invention which is directed towards foﬁning the
seasoning polymer layer within the seasoned plasma reactor chamber. Similarly, in conjunction

| with the seasoning polymer layer there is shown by addition of the solid upwardly pointing arroﬁs
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the present invention, the cleaned reactor chanber 10 as illustrated within
the schematic cross- sectional diagramof Fig. 1 may initially be forned
enploying alternative nethods to assure its cleanliness, includi kg %‘P% :
limted to other plasma stripping nethods and plasma conditioning nethods.
Simlarly, as is understood by a person skilled in the art, although the
present invention is disclosed within the context of a nmulti-cycle

seasoni ng/ et chi ng/ cl eani ng nethod for reproducibly and controllably

formng a,series of etched silicon |ayers with desirable properties over a
series oftheiHpelemsnted seasoning rolymgr dayerconten withia thecupmementdllyiseisonad reavtort he

nmet hod of |ternatively equival ently be

di scl osed hé:ﬁ@ e nglgﬁr?ggg eéésirs“é OE’EHI tg‘lr}-hg?%‘i"gwar@ly BaRfedGrows sheresis of elpaning thet .hod,
al d o i ! e Tlrid o e!s me i
Ry e A

et chi ng/ cl eani ng/ seasoni ng net hod, rmng an i

et ched sipolyapidv@yers with the desirable properties over an identica
series of substrates, since the present invention provides a multi-cycle
met hod where the particular starting point for describing the nethod may be
arbitrarily chosen. ‘Finally, as is understood by a person skilled in the
art, the preferred®&ifsBularEalso dlustratedwithin thergraphmf&ig. iSehere is 4 shhdesittargtti ve of

the pres .0V, L.on_rather than.limtin f.the present _invention.
Revi si ong&gﬁg& nsg%lg#"lgg 3?]?'18%"09&379%’3;"%"&@%%5 gﬁﬂrﬁ HOPeralt theiplaswa reactorct ur es
and di mgRmPhildE ¥Rk SdsHod RHRY . ch ldlieon | ayver Wthin a
m croelectronic f ab@?lgjgtél’@n. |t n acc]%wa&\%&tlﬂgpﬁ%ﬂ pre vgfl}egséaéeje%ﬁléer?énp of the
{priesent iseasenitg golymettebhtentahd thickRéseoF %Miﬂ%@oﬁ%h ifer BRboh&QNAIRYRY it hin a
m croel ectronic fabrication in accord with the présent invention, in accord
- wi th t he susbdbanirdnbeliogedhatiflaking 2¢cued andeBn(?ibaes @ mirtitilatd confentiiitadpbos
form ng an etched silicqon |ayer conprising:
| substrate over which is formed 2 silicon layer which is etched within the plasma reactor chamber.
- Similarly, under conditions where the seasoning polymer layer is formed within the plasma reactor
- chamber of a content less than a minimal requisite content, there is observed a loss i selectivity
for etching of the silicon layer formed over the substrate with respect to a silicon containing

- dielectric layer also formed over the substrate.

As is understood by a pefson skilled in the art, although: (1) the cleaned reactor
- chamber 10 as illustrated within the schematic cross-sectional diagram of Fig. 1 is disclosed as
k equivalent, although not necessarily identical, to the cleaned reactor chamber 10 as illustrated
within the schematic cross-sectional diagram of Fig. 4; and (2) it is typical and preferred within
ﬂie present invention that the cleaned plasma reactor chamber 10 as illustrated within the
schematic cross-sectional diagram of Fig. 1be f‘onned-employing the plasma stripping method és
employed for forming the cleaned reactor chamber 10 as illustrated within the schematic cross-
 sectional diagram of Fig. 4 from the supplementally seasoned plasma reactor chamber 10" as

illustrated within the schematic crbss-secﬁona,l diagram of Fig. 3, when initiating the method of
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providing a first substrate having formed thereover a first silicon layer;
etching the first silicon layer to forman etched first silicon layer while
enpl oying a plasma etch method enpl oying a pl asma react or chanberlzgnFEBZUUB
conjunction with a plasma etchant gas conposition which upon plas
activation provides at |east one of an active brom ne containing etchant
species and an active chlorine containing etchant species, wherein wthin
the plasnma etch nethod: (1) a cleaned plasma reactor chanber is seasoned to
provi de a, seasoned R%qﬁna react or chanber having a seasoni ng pol yner |ayer
]

formed tHEPEST iRyRRiag; the cigen é’é%%ﬂii"hﬁnh?étl%@Hﬂ'il%ra‘@dwéfhérlﬂheg@le?eé@m?mg |
thod l.OVI. NG . st licon.containi easoni ng pol yner, | ayer form ng
e Rk A i e S AT R
it e eam e il VoL RSIRER 3 O o SRR el o4 b en Bl e
[ :
\tlavltch st epethodsen usi ng an ei ght inch dianeter substrate, enploys: a reactor’

chanber pressure of fromabout 1 to 500 nmTorr; a radio frequency source
power of from about 10 to 2000 watts at a source radio frequency of from

about 2 to 13.56 .and an external bias power of up to about 500 watts;
a substrate terrpe?lgfnﬂga Eules ‘H’)é?@?i’é’gll?@é! PRiseis vhilled dmte oFt, elthonplethemesspr at ure

of from ghau B Fr Lhe.andfor chl ori.ne contajning etchant gas
flow rate OP ﬁ?%gr%fsgggegt {Uﬁ he's %ogﬁ t-Cy5 efiasﬂ‘ﬁﬁgjﬁfﬁg‘@gfaeamng method for
reproducibly and controllably forming a series of etched silicon layers with desirable properties

over a series of substrates employed within a microelectronic fabrication, the method. of the

ey
—

present invention may alternatively equivalently be disclosed and claimed as a multi-cycle
cleaning/seasoning/etching method, or alternatively to a lesser extent as a multi-cycle
etching/cleaning/seasoning method, for forming an identical series of etched silicon layers with the
desirable properties over an identical series of substrates, since the present invention provides a
multi-cycle method where the particular starting point for describing the method may be arbitrarily

chosen.

Finally, as is understood by a person skilled in the art, the preferred embodiment of
the present invention is illustrative of the present invention rather than limiting of the present

P invention. Revisions and modifications may be made to methods, materials, structures and

-

dimensions through which is provided an etched silicon layer within a microelectronic fabrication
in accord with the preferred embodiment of the present invention, while still providing an etched
silicon layer within a microelectronic fabrication in accord with the present invention, in accord

with the accompanying claims.
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an oxygen flow rate of fromabout 1 to 50 sccm a nitrogen trifluoride flow
rate of fromabout 1 to 50 sccm a backside cooling gas pressure of from
about 1 to 50 torr and a flowrate of fromabout 2 to 50 sccm and a
magnetic field of up to about 200 gauss; and (3) the seasoning polyner

| ayer is cleaned fromthe seasoned plasma reactor chanber to provide the
cl eaned pl asma reactor chanber after etching the first silicon |ayer to
formthe etched first silicon layer within the seasoned pl as2teFER 2306t or
chanber prior to etching a second substrate having forned thereover a
second silicon layer to forman etched second silicon |ayer fornmed over the
second substrate within the plasm Gleles or chanber while enploying the

pl asma etch method in accord with (é} i(512)_and (3). 2. The nethod of claim
1 wherei n t hel-subsh mgthodl éordppmingeen ichad ilicon dayer semaeisingii ¢ fabri cati on

Fabri cati ons. PESKUEG IDaESERHAL M GRe SnET DI AR R oHu T Eol ar  col |
opt oel ect r oni icrpelect honi iccation nsSor...i nage ar
opt oel ectr oni%cﬁﬁgéﬁge Sg(?{hrcgir}iq%)tegg rf(i)rgé P(‘)E?ldshegﬁl s%iﬂéfﬁré Y?Wﬁ’g’@gar ray

opL oS! LR L SLAFLEAIA A0k LRI 0yl NGR 07l oy
e e T T
the silipavidayeledsson@skatamivdbranias kohtaitthyg cthdnPPelieshbl a20R6ive |
chlorine containing etchant species, wherein within the plasma etch method:
(1) a cleaned plasma reactor chamber is seasoned to provide a
seasoned plasma reactor chamber having a seasoning polymer layer formed
therein; wherein the seasoning method is a waferless seasoning method employing:
(a) a silicon containing seasoning polymer layer forming gas;
and
(b) a bromine and/or chlorine containing etchant gas;
(2) the first silicon layer is etched to form the etched first silicon layer
within the seasoned plasma reactor chamber; wherein the first silicon layer etch
step, when using an eight inch diameter substrate, employs:
a reactor chamber pressure of from about 1 to 500 mTorr;
a radio frequency source power of from about 10 to 2000 watts at a source
radio frequency of from about 2 to 13.56 MHz and an external bias power of up to
about 500 watts;
a substrate temperature and a seasoned plasma reactor chamber temperature
of from about 20 to 200°C;
~ abromine and /or chlorine containing etchant gas flow rate of from about 10
t0_200 sccm;
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the mask |layer is selected fromthe group consisting of silicon containing
dielectric hard nmask | ayers and photoresist mask |ayers. 5. The nethod of
claiml wherein the seasoning polyner layer is formed of a nmateri al
selected fromthe group consisting of: silicon and brom ne contai ni ng
seasoni ng polymer materials; silicon, brom ne and oxygen contai ni ng
seasoni ng polyner materials; silicon and chlorine containing seasoning
polymer materials; silicon, chlorine and oxygen contai ni ng Sdd8Bhi¥§
polynmer materials; silicon, brom ne and chlorine containing seasoning
polymer materials; and silicon, brom ne, chlorine and oxygen contai ni ng

seasoni ng pol Ymefysepdiaw rateof fipm Fheuidktoiftscemcl ai m 1, wherein the

seasoned plasng, reactaqr. ch er cleaping step, en using an eight inch
di anet er sub§%?%ﬁ%?méﬁﬂPBQag%Q“éﬁﬁg8ﬁgﬂnb¢§§ﬁétPé SfFP chanber pressure of

100 to 200 wet PEASERT Ok 88 PPaRS B aelE DS Ttk aps vt (05, 6 Mtz
and a biﬁgﬂgﬁﬁﬁﬁﬁﬁé5g$“%§”QRPUt 500 watts; a seasoned plasna reactor

chanmber tenpera om about 20 to 200C, a nitrogen trifluoride or a

sul fur hexafIyﬁ{agg@ﬁgﬁg\g&q{f&gboﬁﬁgg@ tadP to 500 seem a backside
cooling gas pressure of fromabout 1 to 50 torr and a flowrate of from

about 2 to 50 sccnp) @RteascrRgn pbiyendriigyd i9tleiRed BroabAiM scdQhedidslfsma 24 21
e 2006reactor chamber to provide the cleaned plasma reactor chamber after etching the

tirst silicon layer to form the etched first silicon layer within the seasoned plasma

reactor chamber prior to etching a second sﬁbstrate having formed thereover a

second silicon layer to form an etched second silicon layer formed over the second

substrate within the plasma reactor chamber while employing the plasma etch

method in accord with (1), (2} and (3).

2. The method of claim 1 wherein the substrate is employed within a
microelectronic fabrication selected from the group consisting of integrated circuit
_ microelectronic fabrications, ceramic substrate microelectronic fabrications, solar
cell optoelectronic microelectronic fabrications, sensor image array optoelectronic
microelectronic fabrications and display image array optoelectronic microelectronic

fabrications.

3. The method of claim 1 wherein the silicon layer is selected from the
group consisting of monocrystalline silicon layers, polycrystalline silicon layers and

amorphous silicon layers.

4. The method of claim 1 wherein:

upon etching, the silicon layer is masked with a mask layer, and
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7. A nethod for formng an etched nonocrystalline silicon |ayer

conprising: providing a first substrate having forned thereover a first
nonocrystalline silicon layer; etching the first nonocrystalline silicon

| ayer to forman etched first nonocrystalline silicon |ayer while

enpl oying a plasma etch nethod enploying a plasma reactor chanber in
conjunction with a plasma etchant gas conposition which upon plasm
activation provides at |east one of an active bronm ne cont aiZdi 2(¥6c hant
species and an active chlorine containing etchant species, wherein within
the plasma etch nmethod: (1) a cleaned plasma reactor chanber is seasoned to
provi de a setagéwé\t 1@Y%r§ﬁae1?€aé€mméhmm>élp wavisHps &f sidisenAPRgigogy mer | ayer
f or med reL in the seasoni ng netE d is a waferl ess seasoni ng

met hod € GE?S ayeusi RS PRIATCSISh RS i@ﬁg%nlng pol ymer |ayer form ng
gas; and (b) a bromi ne and/or chlorine contai ning etchant gas; (2) the
first nonocrystalline silicon layer is etched to formthe etched first

nonocrystal |l iie si v.er t nber ;
mheral the st TR Rt MM I8 RSB TRIB: LSBFLTonR0a PE]
ei ght |n&mingh§ﬂ§ggéd§g@§ﬁﬁ@ﬁ@ R¥Rtind opeact or chanber pressure of from

about 1 to 500 mforr; a radio uency sdource power of from about 10 to
2000 watts atsﬂacospdﬂcmeromhadlc@n{aﬁlﬂﬁ B&nat ]{Jél QeRbRatbridlsf 0 13. 56 MHz and an

external bias power of up to abou 500 wa a substrate t enperature and
a seasoned plsilssom, bsaninerarchayigen coatgeingtsdisdning polymer materials;

silicon and chlorine containing seasoning polymer materials;

silicon, chlorine and oxygen containing seasoning polymer materials;

silicon, bromine and chlorine containing seasoning polymer materials; and

silicon, bromine, chlorine and oxygen containing seasoning polymer

materials.

6. The method of claim 1, wherein the seasoned plasma reactor chamber
cleaning step, when using an eight inch diameter substrate, employs:

a seasoned plasma reactor chamber pressure of from about 50 to 500mTorr;

a source radio frequency power of from about 100 to 200 watts at a source
radio frequency of from about 2 to 13.56 MHz and a bias power of up to about 500
watts;

a seasoned plasma reactor chamber temperature of from about 20 to 200°C;

a nitrogen trifluoride or a sulfur hexafluoride flow rate of from about 10 to
500 scemy

a backside cooling gas pressure of from about 1 to 50 torr and a flow rate of
from about 2 to 50 scem; and

a magnetic field of up to about 200 gauss.
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of from about 20 to 200C, 25 21 FEB 2006 a brom ne and/or chlorine
containing etchant gas flowrate of fromabout 10 to 200 sccnm an oxygen
flowrate of fromabout 1 to 50 sccm a nitrogen trifluoride flow rate of
fromabout 1 to 50 seem a backside cooling gas pressure of fromabout 1 to
50 torr and a flowrate of fromabout 2 to 50 seem and a magnetic field
of up to about 200 gauss; and (3) the seasoning polyner |ayer is cleaned
fromthe seasoned plasma reactor chanber to provide the cl &di&®d H¥sna
reactor chanber after etching the first nonocrystalline silicon |layer to
formthe etched first nnnocrystalline silicon layer within the seasoned
pl asma react of- chd%ﬁ@#hB@fQﬁ‘¥%P%&%%Pﬁbeénggﬁﬁﬁﬂﬁﬁbﬂ§ﬁﬂﬁpé1ﬁﬁving f or ned

t hereover a second nonocrystalline silicon |layer to form an etched second
monocr ystAl'PI#88si 1 i con 1 ayer forned over the second substrate within the

pl asma reacto h re. Whi | | Qvi ng the, pl asma _etch nethod in. accord
b h (1) (2P AR g ST R RS B ST BTl limSr o
enpl oyedg;iid o m croel ectronic fabrication selected fromthe group

Osi il .
consi sting 5? ?htegrated circuit mcroelectronic fabrications, ceramc

substrate m C&agh8ths ARt bRy GAlline RRicoR PhR)T to $6inh aRREQRHEGREY ONi C
m croel ectronic fabrications, sensor inmage ‘array optoelectronic

m croel egohoadystdlaiy sitiedri ger @hile dhgPbpivigialgemaetdymefiodedployve £
m croel ectronic fabrications. 9. The nethod of claim7 wherein:
plasma reactor chamber in conjunction with a plasma etchant gas composition
which upon plasma activation provides at least one of an active bromine containing
etchant species and an active chlorine containing etchant species, wherein within
the plasma etch method:
(1) a cleaned plasma reactor chamber is seasoned to provide a
seasoned plasma reactor chamber having a seasoning polymer layer formed

therein; wherein the seasoning method is a waferless seasoning method employing:

(a) a silicon containing seasoning polymer layer forming gas;

(b) a bromine and/or chlorine containing etchant gas;

(2) the first monocrystalline silicon layer is etched to form the etched
first monocrystalline silicon layer within the seasoned plasma reactor chamber;
wherein the first monocrystalline silicon layer etch step, when using an eight inch
diameter substrate, employs:

a reactor chamber pressure of from about 1 to 500 mTorr;

a radio frequency source .power of from about 10 to 2000 watts at a source
radio frequency of from about 2 to 13.56 MHz and an external bias power of up to
about 500 watts;

 asubstrate temperature and a seasoned plasma reactor chamber temperature

of from about 20 to 200°C;
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upon etching, the first nonocrystalline silicon layer is masked with a mask
| ayer; and 26 21 FEB 2006 the nask | ayer is selected fromthe group
consisting of silicon containing dielectric hard mask | ayers and

phot oresi st mask | ayers. 10. The method of claim7 wherein the seasoning
polymer layer is formed of a material selected fromthe group consisting
of : silicon and brom ne containi ng seasoni ng pol ynmer materials; silicon,
broni ne and oxygen contai ni ng seasoni ng pol yner naterials: XilER26and
chlorine containing seasoning polyner materials; silicon, chlorine and
oxygen contai nj ng seasonin ol ymer materials; silicon, brom ne and

c hlygr i ne cont%ﬂ"?ﬂ%ﬂ@e% d48H pﬂBS IC9WE§‘|1mﬁﬁteé‘iha§F gas How ratq of feem abepb i ne,
chlorlnecgﬂﬂ gen contai ni ng seasoning polyner materials. 11. The net hod
of clain ﬁﬁgﬁein the seasoned plasna react or chanber cl eaning step,

when using an, ei en%ﬂgpr &Eﬁ $fé£§d%“3 npl oys: a seasoned plasma

react or chanber ssure o on1a out Onﬁorr a source radio
frequency poversnf eartﬁmnaghomt& B B0%: WS t?t50%cc°tﬂ“r ce radio frequency
of from about 2 t§ 13. 56 a bias power of up to about 500 watts; a

seasoned pl anTBadk@ﬁ{étc@bhﬁQ %abgfesé&rmﬁrf@&wagoaf 116 SMAPANA a2 8ardGPC,  a
nitrogen trifluoride or a sul hexafl uoride flow rate of from about 10 to

500 sccnfrom dbaak 2itde0camhidigl gas pressure of fromabout 1 to 50 torr and a
flow rate of
a magnetic field of up to about 200 gauss; and
(3) the seasoning polymer layer is cleaned from the seasoned plasma

reactor chamber to provide the cleaned plasma reactor chamber after etching the

first monocrystalline silicon layer to form the etched first monocrystalline silicon

layer within the seasoned plasma reactor chamber prior to etching a second

substrate having formed thereover a second monocrystalline silicon layer to form

an etched second monocrystalline silicon layer formed over the second substrate

within the plasma reactor chamber while employing the plasma etch method in

accord with (1), (2) and (3).

8. The method of claim 7 wherein the substrate is employed within a
microelectronic fabrication selected from the group consisting of integrated circuit
microelectronic fabrications, ceramic substrate microelectronic fabrications, solar
cell optoelectronic microelectronic fabrications, sensor image array optoelectronic
microelectronic fabrications and display image array optoelectronic microelectronic

fabrications.

9. The method of claim 7 wherein:
upon etching, the first monocrystalline silicon layer is masked with a mask

layer; and
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fromabout 2 to 50 sccm and a magnetic field of up to about 200 gauss. 27
21 FEB 2006 12. The nethod of claim7, wherein the first nonocrystalline
silicon layer etch step, when using an eight inch dianeter substrate,

enpl oys a hydrogen bronide flowrate of fromabout 10 to 200 sccm 13. A
met hod for form ng an etched polycrystalline silicon |ayer conprising:
providing a first substrate having fornmed thereover a first paqlycrystalline
silicon layer; etching the first polycrystalline silicon Ia%ﬁﬁ*ﬁ%Z(Eﬁn1an
etched first polycrystalline silicon |ayer while enploying a plasma etch

met hod enpl oying a | asma reagtor chanber in conjunction with a plasm

et chant gas c%ﬁ%&%ﬁ]ﬁlgﬁﬂ IS\‘RﬂFEtﬁgé‘ﬁ%ﬂ th S OEIsHRso ﬁ‘ﬁlﬁPB\?P’a@émHE active
brom ne t akni et nt._ s ies, wherein within the plasma etch nethod:
(1) a-C|%%#%%ﬂ%ﬁ%@&gﬁ@%@g?@fﬁ@ﬁ%ﬁ%@#ﬁ#@ngik@%ﬁga to provide a seasoned

pl asma react or chanber having a seasoni ng polymer |ayer formed therein;
wherein the seasoning nmethod is a waferless seasoni ng nethod enpl oying: (a)
a silicon confoai niTe SEaRAIVMIRPY WREeih 3NEEedsBhiNg b1 PRey 13RHi(fB}mad br omi ne
and/ or chlorine containing etchant gas; (2) the first” polycrystalline
silicon dfayeatdrial etletred ficin tles grdupecorisibiag off i rst pol ycrystal line silicon

| ayer within the seasoned pl asna reactor chanber; wherein the first

pol ycryst al | isilécai drictlomnhiay epn eieihgstapninvgpolynsirngatatialgj ght i nch

silicon, bromine and oxygen containing seasoning polymer materials;
silicon and chlorine containing seasoning polymer materials;

~ silicon, chlorine and oxygen containing seasoning polymer materials;

. silicon, bromine and chlorine containing seasoning polymer materials; and
silicon, bromine, chlorine and oxygen containing seasoning polymer

materials.

11. The method of claim 7, wherein the seasoned plasma reactor chamber
cleaning step, when using an eight inch diameter substrate, employs:

‘a seasoned plasma reactor chamber pressure of from about 50 to 500mTorr;

a source radio frequency power of from about 100 to 200 watts at a source
radio frequency of from about 2 to 13.56 MHz and a bias power of up to about 500
watts;

a seasoned plasma reactor chamber temperature of from about 20 to 200°C;

a nitrogen trifluoride or a sulfur hexafluoride flow rate of from about 10 to
500 scemy;

a backside cooling gas pressure of from about 1 to 50 torr and a flow rate of
from about 2 to 50 sccm; and

a magnetic field of up to about 200 gauss.
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di anet er "substrate, enploys: a reactor chanber pressure of fromabout 1 to
500 niforr; 28 21 FEB 2006 a radi o frequency source power of from about 10
to 2000 watts at a source radio frequency of fromabout 2 to 13.56 MHz and
an external bias power of up to about 500 watts; a substrate tenperature
and a seasoned plasma reactor chanber tenperature of from about 20 to
200C; a hydrogen brom de flow rate of fromabout 10 to 200 sccm an oxygen
flowrate of fromabout 1 to 50 sccm a nitrogen trifluoridelfitdhZq04t e of
fromabout 1 to 50 seem a backside cooling gas pressure of fromabout 1 to
50 torr and a flow rate of fromabout 2 to 50 seem and_a magnetic field
of up to about?- 200thgansthodpfelaim 7 twhereibgdirsignpaegmsiallingailicanslagers aned

fromthe seasone | asma reacto hanber 1o provide the cl| eaned pl asma
react or %ﬁé%ﬁ?rwg?géﬁuﬁ?fh?ﬁggtmh ‘ﬁ?ﬁnFEeFS %‘?tf/%?gf’é{‘ VP ASYEEPELbn | ayer to
formth c fir lverystahl,i ilicon layer wthin the seasoned
pl asma ?gﬁéng%gﬁar§%PP%P¥5#¥?%%Q€82@%%€§Lsecond substrate having forned

t her eover ‘a second polycrystalline silicon |ayer to forman etched second
~polycrystalline silicon |ayer fornmed over the second substrate within the

pl asma react OES.Ch%Bﬁ{théM{'Hﬁfoﬁmr%é{ﬂ BhEBoB)RpMRIiBE GIicBRIARG I n accord
with (1), (2) and (3). 14. The thod of "cl"ai'm 13 wherein ‘the substrate is

enpl oyedcoshptisinga m croel ectronic fabrication selected fromthe group
consisting of integrated circuit
providing a first substrate having formed thereover a first polycrystalline
silicon layer;
etching the first polycrystalline silicon layer to form an etched first
polycrystalline silicon layer while employing a plasma etch method employing a
plasma reactor chamber in conjunction with a plasma etchant gas composition
which upon plasma activation provides an active bromine containing etchant
species, wherein within the plasma etch method:
(1) a cleaned plasma reacfor chamber is seasoned to provide a
seasoned plasma reactor chamber having a seasoning polymer layer formed

therein; wherein the seasoning method is a waferless seasoning method employing:

(a) a silicon containing seasoning polymer layer forming gas;

(b} a bromine and/or chlorine containing etchant gas;

(2) the first polycrystalline silicon layer is etched to form the etched
tirst polycrystalline silicon layer within the seasoned plasma reactor chamber;
wherein the first polycrystalline silicon layer etch step, when using an eight inch
diameter substrate, employs:

a reactor chamber pressure of from about 1 to 500 mTorr;
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m croel ectronic fabrications, ceramc substrate m croel ectronic
fabrications, solar cell optoelectronic mcroelectronic fabrications,
sensor image array optoelectronic mcroelectronic fabrications and di splay
i mage array optoel ectronic mcroelectronic fabrications. 29 21 FEB 2006
15. The method of claim 13 wherein: upon etching, the polycrystalline
silicon layer is masked with a nmask |layer; and the mask | ayer is sel ected
fromthe group consisting of silicon containing di el ectri c X 0ok

| ayers and photoresi st mask | ayers. 16. The nethod of claim 13 wherein the

[ I o i f d of i al | ected f the gro
consi sting ofd e BRI FBF SR Fam ARy I8 TR RBR, MBI e or | &l s
" ' br o q i , I terials:
2111 on G BRHBFT e GETT APRIR Ko LRt RS A58y eIt rek tFy BP€Er & ¥ bn,
chlorinel§§g5ﬁ¢¥g§@.containing seasoni ng pol yner materials; silicon,
nd chl or

brom ne a I'né contai ni ng seasoni ng polymer materials; and silicon,

broni ne, chl qédﬁtﬁf@teﬁ%%rggﬂ&%is@%&eaﬁﬂé&ﬂé RO R KB ber 1R (%jgg.ler%' 17.

The net hod of claim 13 erein the seasoned plasnma reactor ¢ r

- ¢l eani nofgt@R.abvhien) usogcan ei ght inch di anmeter substrate, enploys: a
seasoned plasma reactor chanber pressure of fromabout 50 to 500mlorr; a

sour ce radi o 4 hpdpogac proaiks flel rhteahfadnaboldOI) fo2@BPcvat t s at a source
radi o frequency of fromabout 2 to 13.56 MHz and a bias power of up to
about 500 an oxygen flow rate of from about 1 to 50 sccm;
a nitrogen trifluoride flow rate of from about 1 to 50 scem;
a backside cooling gas pressure of from about 1 to 50 torr and a flow rate of
- from about 2 to 50 scem; and
a magnetic field of up to about 200 gauss; and
(3) the seasoning polymer layer is cleaned from the seasoned plasma
reactor chamber to provide the cleaned plasma reactor chamber after etching the
first polycrystalline silicon layer to form the etched first polycrystalline silicon layer
within the seasoned plasma reactor chamber prior to etching a second substrate
having fofmed thereover a second polycrystalline silicon layer to form an etched
second polycrystalline silicon layer formed over the second substrate within the

plasma reactor chamber while employing the plasma etch method in accord with

(1), () and (3).

14, The method of claim 13 wherein the substrate is employed within a
microelectronic fabrication selected from the group consisting of integrated circuit
microelectronic fabrications, ceramic substrate microelectronic fabrications, solar
cell optoelectronic microelectronic fabrications, sensor image array optoelectronic
microelectronic fabrications and display image array optoelectronic microelectronic

fabrications.
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watts; a seasoned plasma reactor chanber tenperature of from about 20 to
200C;, a nitrogen trifluoride or a sulfur hexafluoride flowrate of from
about 10 to 500 sccm 30 21 FEB 2006 a backsi de cooling gas pressure of
fromabout | to 50 torr and a flowrate of fromabout 2 to 50 sccm and a
magnetic field of up to about 200 gauss. 18. The nethod of claim 13,
wherein the first polycrystalline silicon |ayer etch step, when using an
ei ght inch dianeter substrate, enploys a hydrogen brom de AR 280 of
fromabout 10 to 200 sccm 19. A nethod for formng an etched silicon |ayer

conpri Si ng: rovidi ng first substrate having forned thereover a first
silicon |ayer+- etﬂfﬁ%&ﬂﬁf@ffqiqig“tl?swﬂﬁ%ﬂz | ayer to forman etched first

silicon layer while enpl.oyi a_plasma.etch net hod. enpl ayin | asma
reactor chamb&f®'l ﬁtcﬁhﬁ/ﬁcﬁqﬁgﬁ( S([)%ilnﬂ? % lfﬁrbg q ]ét%?%(ﬁgp"ﬁ‘g% aé’g‘?ﬁ%olgﬁr'r on whi ch
upon plagpp activation provides at |east one of an active brom ne

contai ning etchant species and an active chlorine containing etchant

speci es, wher@i R Mdihd} it B8efba 3 BLE Br RS ézﬂlgi'sﬁﬁé)of l@u&bﬁ%@ﬁgﬁﬁh sma

reactor chanber iIs seasoned to provide“a “seasoned plasnma react ol chanber

havi ng adisRe&hdid MAIK/EDErslMMEFhdterdRE mdskeagird; wherein the seasoni ng
nmethod is a waferl ess seasoni ng nethod enpl oying: (a) a silicon containing

seasoni ng pol yner layer formng gas; and (b) a brom ne and/or chlorine
- contai ni ng etchant gas;

16.  The method of claim 13 wherein the seasoning polymer layer is
formed of a material selected from the group consisting of:

silicon and bromine containing seasoning polymer materials;

silicon, bromine and oxygen containing seasoning polymer materials;

silicon and chlorine containing seasoning polymer materials;

silicon, chlorine and oxygen containing seasoning polymer materials;

silicon, bromine and chlorine containing seasoning polymer materials; and

silicon, bromine, chlorine and oxygen containing seasoning polymer

~ materials.

17. The method of claim 13, wherein the seasoned plasma reactor
chamber cleaning step, when using an eight inch diameter substrate, employs:

a seaéoned plasma reactor chamber pressure of from about 50 to 500mTorr;

a source radio frequency power of from about 100 to 200 watts at a source
radio frequency of from about 2 to 13.56 MHz and a bias power of up to about 500
watts;

a seasoned plasma reactor chamber temperature of from about 20 to 200°C;

a nitrogen trifluoride or a sulfur hexaftuoride flow rate of from about 10 to

500 scem;
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(2) the first silicon layer is etched to formthe etched first silicon

| ayer wi thin the seasoned plasma reactor chanber; and (3) the seasoning
pol ymer layer is cleaned fromthe seasoned plasna reactor chanber to
provi de the cl eaned pl asma reactor chanber after etching the first silicon
| ayer to formthe etched first silicon layer wwthin the seasoned plasma 31
21 FEB 2006 reactor chanber prior to etching a second substrate having
formed thereover a second silicon layer to forman etched S&d&Wd2U0 i con

| ayer forned over the second substrate within the plasnma reactor chanber

whil e enploying the plasma etch nethod in accord with (1), (2) and (3).
20. A net hod arbﬁ%féﬁ@ﬁbﬂ&ﬁ%?@%werﬁfﬁw@%t 1 tovdl) tary peda floyy Ete of

conpri sing: proyidi a firsy substrate having forned thereover a first
nnnocryé%%?ﬁ&ﬁ@¥bg?gﬁéﬁﬁnd r; etching the first nonocrystalline silicon

| ayer to for C flcrst |Iine silicon | ayer while
enpl oying a g%%@%ﬁgéﬁgﬂdﬁgﬁﬁﬂﬁE%n%?ggygéﬁﬁ' pl asma reactor chanber in
conjunction with a plasna etchant gas conposition which upon plasma

activation provides at |east one of an active brom ne containing etchant

speci es and aB. actTheamethoardfRaifOrs, aitreig 1BE GRAPolAReShRe MShShjer t hi n
the plasnma etch nethod: (1) a cleaned plasm reactor” chanber is seasoned to

provi de ach sepswhed uplrgsdrbeighbitichrdigiath etbdtaate ngnplogeas@dirdigerpol ymer | ayer
formed therein; wherein the seasoning nethod is a waferless seasoning
met hod dmphigie Agw xadd obfrein alwon 1060260 siony seasoni ng pol yner | ayer forning
gas;
19. A method for forming an etched silicon layer comprising:
providing a first substrate having formed thereover a first silicon layer;
etching the first silicon layer to form an etched first silicon layer while
employing a plasma etch method employing a plasma reactor chamber in
conjunction with a plasma etchant gas composition which upon plasma activation
provides at least one of an active bromine containing etchant species and an active
chlorine containing etchant species, wherein within the plasma etch method:
(1) a cleaned plasma reactor chamber is seasoned to provide a
seasoned plasma reactor chamber having a seasoning polymer layer formed
therein; wherein the seasoning method is a waferless seasoning method employing:
(a) a silicon containing seasoning polymer layer forming gas;
and
(b) a bromine and/or chlorine containing etchant gas;
(2) the first silicon layer is etched to form the etched first silicon layer
‘within the seasoned plasma reactor chamber; and
(3) the seasoning polymer layer is cleaned from the seasoned plasma

reactor chamber to provide the cleaned plasma reactor chamber after etching the

first silicon layer to form the etched first silicon layer within the seasoned plasma
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and (b) a brom ne and/or chlorine containing etchant gas; (2) the first
nmonocrystalline silicon layer is etched to formthe etched first
nonocrystalline silicon |ayer within the seasoned pl asma react or chanber;
and a magnetic field of up to about 200 gauss; and (3) the seasoning

pol ymer layer is cleaned fromthe seasoned plasma reactor chanber to
provi de the cl eaned plasma reactor chanber after etching the 32 21 FEB 2006
first monocrystalline silicon layer to formthe etched first2l FEB2006
nonocrystalline silicon layer within the seasoned pl asna reactor chanber
prior to etching a second substrate having fornmed thereover a second
nonocr ysteastor gaanapes prer foLiehing @ segond subpiate hedngdesner thsreeysfst al | i ne

silicon | ayer fornmed over the second substrate within . the plasm reactor
chanber %ﬁﬁ%{ﬁl‘is‘i’ﬁﬁﬁ‘%eﬁéof‘f{éﬂ o Atead secanchaberstlorer goawéroa{ea&%se@w (2) and
(3). 21 petnodeton [orahog. an crehed, Dabycrystalld fie Sibheon,| ayer

conprising: providing R AR Vi a first

pol ycryst, Hddqﬁacahhhggﬂégﬁgﬁ%ﬁdqﬁ§hing the first polycrystalline silicon

| ayer to forman etc polycrystalline silicon |ayer while

enpl oying a plasma etch nethod enploying a plasma reactor chanber in
conjunction with a plasma etchant gas conposition which upon plasm
activation prayi des nathed forvermiipnametched hadrtichgstaliab ailicon $3eei €s, wherein

within the plasma etch nmethod: (1) a cleaned pl'asma reactor ‘chanber is
‘seasonecconupyivingi de a
providing a first substrate having formed thereover a first monocrystalline
silicon layer;
etching the first monocrystalline silicon layer to form an etched first
monocrystalline silicon layer while employing a plasma etch method employing a
plasma reactor chamber in conjunction with a plasma etchant gas composition
which upon plasma activation provides at least one of an active bromine containing
etchant species and an active chlorine containing etchant species, wherein within
the plasma etch method:
(1) a cleaned plasma reactor chamber is seasoned to provide a
seasoned plasma reactor chamber having a seasoning polymer layer formed
therein; wherein the seasoning method is a waferless seasoning method employing:
(a) a silicon containing seasoning polymer layer forming gas;
and
(b) a bromine and/or chlorine containing etchant gas;
(2) the first monocrystalline silicon layer is etched to form the etched
first monocrystalline silicon layer within the seasoned plasma reactor chamber; and
a magnetic field of up to about 200 gauss; and
(3) the seasoning polymer layer is cleaned from the seasoned plasma

“ reactor chamber to provide the cleaned plasma reactor chamber after etching the
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seasoned pl asma reactor chanber having a seasoning polyner |ayer forned
therein; wherein the seasoning nethod is a waferless seasoni ng net hod

enpl oying: (a) a silicon containing seasoni ng polyner |ayer form ng gas;
and (b) a brom ne and/or chlorine containing etchant gas; (2) the first

pol ycrystalline silicon layer is etched to formthe etched first
polycrystalline silicon layer within the seasoned plasma reactor chanber;
and (3) the seasoning polymer layer is cleaned fromthe seé@dﬁgﬂﬂﬁmasna
react or chanber to prOV|de the cl eaned pl asnma reactor chanber after etching

the 33 21 FEB 2006 fjrst ﬁi ystalline silicon layer to formthe etched
first poliptmpnosTystaibing ﬁlﬂlr:% yieaye formpiherfitehadiarst meneremtalling pliceact or

chanber pri or tchln econd substrate havin ornmed t hereover a
e Brobi |Sﬁ@5025 %.Piafﬁn? 5%?0&% FPERT &0 RGBS %@%ceﬁﬁ

pol ycryst al 0 er rmed over the se ond ubs thin t he
P o raera e St ¥ Bt 5ot f e a s RERR R R o o
with (L efcRdd Qé&ng%onéc‘}ystallme silicon layer formed over the second substrate

within the plasma reactor chamber while employing the plasma etch method in

accord with (1), (2) and (3).

21. A method for forming an etched polycrystalline silicon layer
comprising:
| providing a first substrate having formed thereover a first polycrystalline
silicon layer;
etching the first polycrystalline silicon layer to form an etched first
polycrystalline silicon layer while employing a plasma etch method employing a
plasma reactor chamber in conjunction with a plasma etchant gas composition
which upon plasma activation provides an active bromine containing etchant
species, wherein within the plasma etch method: |
| (1) a cleaned plasma reactor chamber is seasoned to provide a
seasoned plasma reactor chamber having a seasoning polymer layer formed
therein; wherein the seasoning method is a waferless seasoning method employing:
(a) a silicon containing seasoning polymer layer forming gas;
and
(b) a bromine and/or chlorine containing etchant gas;
{2) the first polycrystalline silicon layer is etched to form the etched
first polycrystalline silicon layer within the seasoned plasma reactor chamber; and
(3) the seasoning polymer layer is cleaned from the seasoned plasma

reactor chamber to provide the cleaned plasma reactor chamber after etching the
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first polycrystalline silicon layer to form the etched first polycrystalline silicon layer
within the seasoned plasma reactor chamber prior to etching a second substrate
having formed thereover a second polycrystalline silicon layer to form an etched
second polycrystalline silicon layer formed over the second substrate within the

plasma reactor chamber while employing the plasma etch method in accord with

(1), (2) and (3).
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