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desirable to have an etch process which etches one material faster than another helping e.g. a
pattern transfer process proceed. Such an etch process is said to be selective to the first
material. As a result of the diversity of materials, circuits and processes, etch processes have

been developed with a selectivity towards a variety of materials.

A Siconi"™ etch is a remote plasma assisted dry etch process which involves the simultancous
20  exposure of a substrate to H,, NF; and NH; plasma by-products. Remote plasma excitation
of the hydrogen and fluorine species allows plasma-damage-free substrate processing. The
Siconi™ etch is largely conformal and selective towards silicon oxide layers but does not
readily etch silicon regardless of whether the silicon is amorphous, crystalline or
polycrystalline. The selectivity provides advantages for applications such as shallow trench
25 isolation (STI) and inter-layer diclectric (ILD) recess formation. The Siconi' ™ process
produces solid by-products which grow on the surface of the substrate as substrate material is
removed. The solid by-products are subsequently removed via sublimation when the

temperature of the substrate is raised.
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20  flowing a fluorine-containing precursor into a remote plasma region fluidly coupled to the
substrate processing region while forming a plasma in the first plasma region to produce
plasma effluents. The method further includes etching the silicon-containing region faster
than the oxygen-and-silicon-containing region by flowing the plasma effluents into the

substrate processing region.

25  Additional embodiments and features are set forth in part in the description that follows, and
in part will become apparent to those skilled in the art upon examination of the specification
or may be learned by the practice of the disclosed embodiments. The features and advantages
of the disclosed embodiments may be realized and attained by means of the instrumentalities,

combinations, and methods described in the specification.

30 BRIEF DESCRIPTION OF THE DRAWINGS
A further understanding of the nature and advantages of the disclosed embodiments may be

realized by reference to the remaining portions of the specification and the drawings.



FIG 3 is a plot indicating etch rates of silicon oxide, silicon nitride
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15  Inthe appended figures, similar components and/or features may have the same reference
label. Further, various components of the same type may be distinguished by following the
reference label by a dash and a second label that distinguishes among the similar components.
If only the first reference label is used in the specification, the description is applicable to any
one of the similar components having the same first reference label irrespective of the second

20  reference label.

DETAILED DESCRIPTION OF THE INVENTION
A method of etching patterned heterogeneous silicon-containing structures is described and
includes a remote plasma etch with inverted selectivity compared to existing remote plasma
25  etches. The methods may be used to conformally trim polysilicon while removing little or no
silicon oxide. More generally, silicon-containing films containing less oxygen are removed
more rapidly than silicon-containing films which contain more oxygen. Other exemplary
applications include trimming silicon carbon nitride films while essentially retaining silicon
oxycarbide. Applications such as these are enabled by the methods presented herein and

30  cnable new process flows. These process flows are expected to become desirable for a
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the surface of the substrate.

25 A flow of nitrogen trifluoride is initiated into a plasma region separate from the processing
region (operation 120). Other sources of fluorine may be used to augment or replace the
nitrogen trifluoride. In embodiments, the fluorine-containing precursor comprises at least
one precursor selected from the group consisting of nitrogen trifluoride, diatomic fluorine,
monatomic fluorine and fluorine-substituted hydrocarbons. The separate plasma region may

30  be referred to as a remote plasma region herein and may be within a distinct module from the
processing chamber or a compartment within the processing chamber. A flow of ammonia

may or may not be present into the remote plasma region during this operation. When
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hydrogen and fluorine are delivered to the remote plasma region. Below a ratio of 1:1
hydrogen:fluorine, the etch rate of polysilicon exceeds that of silicon oxide. Essentially no
25  hydrogen is flowed to the remote plasma region, in embodiments, which results in an etch
selectivity greater than 10:1 polysilicon:silicon oxide. The technique may also be applied to

a gap in a silicon substrate without a polysilicon adlayer, in embodiments, and the oxide

deselective etch would remove silicon at a greater rate than the silicon oxide gapfill.

The selective etch represented by FIGS. 1-3 was described in conjunction with a shallow-
30  trench isolation application. A variety of other applications will benefit from this silicon-

selective etch. For example, this selective etch may be used to trim the fin of a finFET

structure without removing a detrimental quantity of exposed oxygen-containing material

such as silicon oxide. A finFET contains a vertical protrusion of single crystalline silicon



patterned silicon and silicon oxide. FIG 4 is a flow chart of a selective
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hy @0ogehafbeoioperation $hd)c A flowof attiogen trifluoride is initiated into the remote plasma
region (operation 420). The remote plasma region may be essentially devoid of hydrogen or
have lesser flows of hydrogen as described previously with reference to FIGS. 1-2.
Hydrogen is impossible to completely eliminate from a vacuum system and "essentially
devoid" of hydrogen is used to accommodate reasonable tolerances. Plasma effluents are
25  flowed into the processing region and allowed to interact with the patterned substrate surface
(operation 425). The patterned layer is selectively etched (operation 430) such that the
silicon carbon nitride layer is preferentially removed relative to the silicon oxy-carbide. The
selective etch continues until the portion of the SiCN is removed from the bottom of the
trench to allow a subsequent layer of metal to contact the newly exposed carbon surface. The
30  flows of the precursors are stopped (operation 435) and the substrate is removed from the
processing region (operation 445). The SiCN film 560-2 following the selective etch is
shown in FIG. 5B.



5as indicated previously, the selectivity is further dependent on the
concentration of nitrogen trifluoride in the vicinity of the patterned
substrat evOkowersogarti al pressures enabl e an increase i RCThS261@l0835p8 vity of
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deselective etch may still have utility as long as both films have exposed surfaces since each
25  will etch at a different rate. The etch rate of an exposed silicon-containing region may be

greater than an etch rate of an exposed oxygen-and-silicon-containing region by a

multiplicative factor greater than five in embodiments of the invention. .

Oxide deselective etches have been described thus far. The methods described herein may be
used to selectively etch silicon faster than silicon nitride as shown in FIG. 3. The selectivity

30  isnot as pronounced as is the case for silicon etch selectivity over silicon oxide. The
difference can still be helpful in a variety of process flows. These etch processes may be
referred to herein as nitride deselective etches and have the same process parameter

embodiments described with reference to oxide deselective etches. Analogously, the remote



greater than an etch rate of an exposed nitrogen-and-silicon-containing
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nmor e priilagssrch aspiticon IneayrmAicetd atlsed(festg: thad virdopenrpxBlealantadostcentainiat C. ) .
The chanber body 712 includes a slit valve opening 760 fornmed in a sidewall
t her eoffllfs. provi de access to the interior of the processing chanmber 700.
The slit valve opening 760 is 25sel ectively opened and closed to all ow
acdéss Adlititrel bride deseiectie ttok padrasdymirarhachy avd @sdysed iméfesroutsandidestgibmgbot
(not shown). ] n one enbodi nent, a wafer can be transported in and out of
the prdCSSEMRGIERDBEINEAIH P hr ough the slit val ve opening 760 to an

adj acent transfer chanber and/or |oad-Iock chanber, or another chanber

wi t hi n Excoiplary erodqessahg Systeraxenpl ary cl uster tool which may include
processf;lgig chanber, 700 ist.shfgwn ig FIG 8 30 In one or r@rg) ei@odi ment s,
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apertures 751 into remote plasma region(s) 761-763 and excited by plasma power source 746.

In one embodiment, the processing chamber 700 includes a chamber body 712, a lid
assembly 702, and a support assembly 710. The lid assembly 702 is disposed at an upper end
of the chamber body 712, and the support assembly 710 is at least partially disposed within
20  the chamber body 712. The processing chamber 700 and the associated hardware are
preferably formed from one or more process-compatible materials (e.g. aluminum, stainless

steel, etc.).

The chamber body 712 includes a slit valve opening 760 formed in a sidewall thereof to
provide access to the interior of the processing chamber 700. The slit valve opening 760 is
25  selectively opened and closed to allow access to the interior of the chamber body 712 by a
wafer handling robot (not shown). In one embodiment, a wafer can be transported in and out
of the processing chamber 700 through the slit valve opening 760 to an adjacent transfer
chamber and/or load-lock chamber, or another chamber within a cluster tool. An exemplary

cluster tool which may include processing chamber 700 is shown in FIG. 8.

30  Inone or more embodiments, chamber body 712 includes a chamber body channel 713 for
flowing a heat transfer fluid through chamber body 712. The heat transfer fluid can be a

heating fluid or a coolant and is used to control the temperature of chamber body 712 during



processi ng and substrate transfer. Heating the chanber body 712 may help to
prevent unwanted condensation of the gas or byproducts on the chanber

wal | s. BExeopbarmodseat transfer fluids include water, etlirgiranseoigiogssos, or a
m xture thereof. An exenplary heat transfer fluid may al so include nitrogen
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731, reaction to either remove or deposit material from a surface.

25  Apertures 735 allow the pumping channel 729 to be in fluid communication with a
processing region 740 within the chamber body 712. The processing region 740 is defined by
a lower surface of the lid assembly 702 and an upper surface of the support assembly 710,
and is surrounded by the liner 733. The apertures 735 may be uniformly sized and evenly
spaced about the liner 733. However, any number, position, size or shape of apertures may

30  beused, and each of those design parameters can vary depending on the desired flow pattern
of gas across the substrate receiving surface as is discussed in more detail below. In addition,

the size, number and position of the apertures 735 are configured to achieve uniform flow of



A gas supply panel (not shown) is typically used to provide process gas(es)
to the processing chanber 700 through one or nore apertures 751. The
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Wi bl ”tB%lﬁB@éKQiﬁ%cﬁé}ﬂ orFbg. As a result, plasnma danage to the substrate
may be avoided sifnce the plasma is separated fromthe substrate surface. A

wi de variety of po soyrces. 746 _are c b of actjvating the .
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pl @sme (e e hivh® Embbddin@aREhateRcofd PHMB cBiipled to a power source 746 while the rest
of lid assembly 702 is connected to ground. Accordingly, a plasma of one or more process
gases can be generated in remote plasma region composed of volumes 761, 762 and/or 763
between electrode 745 and annular mounting flange 722. In embodiments, annular mounting
flange comprises or supports gas delivery plate 720. For example, the plasma may be

30  initiated and maintained between electrode 745 and one or both blocker plates of blocker

assembly 730. Alternatively, the plasma can be struck and contained between the electrode

745 and gas delivery plate 720, in the absence of blocker assembly 730. In either

embodiment, the plasma is well confined or contained within the lid assembly 702.
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10 reactive species which are then delivered into the chanber 700.
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agent s, cledireds UbSt Adbghermpywhemimap W poedr sedronv/4bolenddod, in bel ayentadbatut 65C,

bet ween %§§Ut 150\%@d about goc or. bet ween abauyt, 22C and about 40C in WO
2011/ 145838PET 582 1371%9353%8 U PR RO VS M et s. The substrate may al so
be held at el evated tenperatures during the etch since the oxide
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| ayer to vapor products ich are renove om pr ocessi ng
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may be hsetstldo heatingtht swipost asednilely 76 (@fuepostiehthisseop rsuctuet spddsstab avithpon

exposi r}gsigtpv% HeHRE torr l%; seontleoother means. In another configuration, gas delivery plate 720 may

be maintained at a temperature higher than the substrate and the substrate can be elevated in
25  order to raise the substrate temperature. In this case the substrate is heated radiatively or by
using a gas to conduct heat from gas delivery plate 720 to the substrate. The substrate may

be elevated by raising support assembly 710 or by employing lift pins.

During the etch processes described herein, chamber body 712 may be maintained within an
approximate temperature range of between 50°C and 80°C, between 55°C and 75°C or

30  between 60°C and 70°C in different embodiments. During exposure to plasma effluents
and/or oxidizing agents, the substrate may be maintained below about 100°C, below about

65°C, between about 15°C and about 50°C or between about 22°C and about 40°C in

11



15t he plasma effluents. In enbodi nents, the gas delivery plate 720 is
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hydrogen]§ ur@g is flowed along with a fluorine source, the heat radiated
from ga&"WEITE¥y plate 720 to the substrate shoul d be made sufficient to
di ssociate or_sublimate solid (NH4)2Si F6 from t he oxi de portions of the
sub$t r dtlesnpsefflpenss inslugeial varisiyrd malp@ilesnanolqeulgr agverss ard ©RiZed ypdsecspunped
away fr r S$l - eql { i - T |

o o PaRE bR B Al PRiarlf SARFRLAE NSRS BT e 76
at r at asadigtwiele sxppbeditili&in-sotdinhiap thaadtil ivh2d0ladeaxy ghedvesese3@umab0 sccm
and about 150 sccm or between about 75 sccm and about 125 sccmin different
30 enbdthrBhPLOxyBRHORREME sHTUSY MRy BYithad Pregnircs silicepreanteingelassrdp) may

be 1 ovwgf, st Shd BT oqlp s ¢ t6rh dﬁr@ﬁl‘fﬁ R&li o Blo aﬁ@l{)ty VaQuiHCm
A ? BT o BF B

bel ow or about 15 sc w or about sccny be about "5 sccm or
bellow qumgbBiit 2 sccmin different enbodi nents. WO
2011/ 149638PCT/ US2011/ 035598 Conbi ned fl ow rates of hydrogen-contai ni ng and

f 1 uori ng<eaMRLRN N GHR §HSSRFcEch M Rirbfocl 8B LR RhRM RadRIFbnMAYnRECOuUNt
for 0.05%to about 20% by vol une of the overall gas m xture; the remai nder

bei ng auclacerideiongalittic onnonelicrebiddé memoducad pothpesubstragasuriase agde is first
initiated.into the renote.pl regi on before those af ,the reactive gases
to st abtPiatch SIEmhERE GRiR WRR £ Ao er e do e Bht RS bR B on- o
the pl agmrarbfid welinfat@sstidssitid QENbYPLideS fFBded upoR eﬁ-ﬁéb_’h% th€ 6Bbdamteappl yi ng
pl asma power to electrode 745 relative to the rest of |lid assenbly 702.

Pl d8ma tgm}@sm@ aflusatsa Iy empedipneats. the @grideibicesplaic 720dnhesitabde PoHICOfPORIINE] pl e

frequengi Al i e i . ded by

- povai s oL RehCAORABITRbR by BLOGARELNH /DO THE R RRIR bandlah ol oY

W and abéudinglBOdistyncbdttweein tirxabitrabe Midathd hadiedigasadelivity phat wekngabout 10 W
300 Wor betwe out 20 Wand about 100 Win different

Zﬂgog?%ﬁtf@y Pitie 7%@?@&3@%@5%@?%@% 1 HECernd gl HrPepresasdeitld Vs st em
129 K 8r e nean e b e O o TR0 PSS S aR T RS nent s
15RP00c essparagorr kggveen {hd Quissantezadribd Itatddned dabivaay phitd, dicysubtrape emgbees duri ng
the fl %"é’at%ﬁ t(? la‘t?osvré%bout 75°C, above about 90°C, above about 100°C or between about 115°C

and about 150°C in different embodiments. When a hydrogen source is flowed along with a
fluorine source, the heat radiated from gas delivery plate 720 to the substrate should be made
sufficient to dissociate or sublimate solid (NH4),SiFs from the oxide portions of the substrate

25  into volatile SiF4, NH3 and HF products which may be pumped away from processing region

740.

Nitrogen trifluoride (or another fluorine-containing precursor) may be flowed into remote
plasma volume 761 at rates between about 25 sccm and about 200 sccm, between about
50 sccm and about 150 scem or between about 75 sccm and about 125 scem in different

30  embodiments. Ammonia (or hydrogen-containing precursors in general) may be flowed into
remote plasma volume 761 at rates below or about 20 sccm , below or about 15 scem, below

or about 10 sccm, below or about 5 sccm or below or about 2 scem in different embodiments.
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effluents into processing region 740. The pressure may be naintai ned

bet ween about 500 mlorr and about 30 Ton, between about 1 Ton and about 10
Ton or bewoeen/m@bast 3 Ton and about 6 Ton in different PemusAdII®IS8 Lower
pressures may al so be used within processing region 740. The pressure nmay
be mai nf ai ned, hel ow or _about 500 nilorr, kel ow or 20 about 25Q nlorr, bel ow
or aboéor&%ﬂhﬁwﬁ?wmﬁ Mr%%enwaﬁgnl%aﬁlﬁrﬁwrl%rcogalw BFeCRESBL G N ATor 1 i n
differ er@ﬁm_%*ﬁl%a”?%@foﬁ-m%cé&h%ﬁO.US‘%XO Aokt h@%%;ﬁ%l%%ﬁﬁr% o%ﬁéll_%%s enhanced
by neutralizing charged species generated in vol'unes 761-763 prior to

f 1 owi ngniphas;the efnfidindem bsingptcerridigas ubginegmbogdmamesspurge orgirmer. gableufinsal
reacti ve. radi.cal nol ecul ar fra nt are.still.passed into the substrate
5ot ocdBsEY P RgToIRG B TR B B e ror b Pre ISe eot i ve
et cB prpese® willdn tY ©nRfdbladntercbines i n the showerhead nay be narrowed to
increase the neutralizing collisions as effluents mgrate toward the

The. parioar RS R A b AT BL R DR R R B RS R SRR "

subst r gil&snpr mees $é elgctt@gl s relitiec ®aparat ef Ikhavanblgad2 nBjasta poeleecdrelst t o as
an ion suppressor (not 30shown).. These neutral (uncharged) species may
still inErsHeofHr YHPYCIFe @ Gombighion os e tie frsaeencican SpBFcEeMpRbh | ess

reacti ‘tljjg‘-?é‘e%ﬁ'é st @Rt PR pt N4 EeF Pgﬁ% ciéé{?z oo Fl%@@rct?cﬂegmﬁ‘; ‘g'h%!g?i s into

the su rate”processing region my "be uced to bel ow w neut r al
spdéi egomer anagée beideR @bhdvt1496BBRGINUSD0 W/ B356&88atont &0V had afaua oW, basi s.

The flqw ma | so bel ow 10% of the neutral eci.es or .be. essenti al |
B S A b A A el AT i R e

speci esnRRARhads.| TAORE FR(S4URS hAl&l IRMRCERS &)ﬁ@ewﬂniiﬁtéhgﬁﬁy bagigased
control over the gas m xture brought into contact withthe underlying wafer
subst r ghan ationt 2@Bklilndessdhenr abloubt SG kdz, desks dloni aboutyl 20dfH7 drebesvesh gbpuicdss. A

plurality of, hol in the.on suppressor and/or the showerhead nay be

conf i gdﬁl‘gzdalltdoab%fﬁ%r%l{fz P]h(gfflﬁlggg%gg%@e?tﬁe activated gas (i.e., the ionic,
radi cal, and/or neutral species) into the substrate processing region. For
exddpl &ro¢deingsgpaent 740gand egnaintamed of e yariqty ef prepyyecstiriag dhaiiew of plasmpengt h)

and/ or f@%“%@@%éﬁ%gg%qo@%@S¥@m&‘ﬁr% eéQHaﬁQaiﬁé)d ddted {b(;%u{ %@N of

i oni cal es in activa gas passing in
subst r ah'€opand elssit 39 Toag batvcers atsoad U e anBhdotiol (EBorray béthetualeua 3 tTaper ed
portion that faces the renote plasnma region (volunes 761, 762 and/or 763).

The tap@f 2rayt GBI & diFfornf eRPediBNBist ARPCRPTCRUKBEPLHS@PE P& nt o t he
hol e b_tﬁroéeggiﬁggegi&@mﬁ ﬂ%?&%@ﬁ%gﬁ?ﬁl%e Tl dd B St SRdut BOPHERBBUbR A 21 NY

col lisions pr to entering t strate processing region. An adjustable
el €6t r iabaht 250asTomybeddve or beouapPd mJobr, beld® drhboutdid mligpoebslow antivwr20

shower head as additi onal means to control the flow of ionic species
©hr ougT#HE gt Sipodiitne!

The selectivity of the etch process may be enhanced by neutralizing charged species
generated in volumes 761-763 prior to flowing plasma effluents into the substrate processing
region. Neutral reactive radicals (molecular fragments) are still passed into the substrate

25  processing region and react with the substrate to perform the selective etch process. To this
end, the holes in the showerhead may be narrowed to increase the neutralizing collisions as
effluents migrate toward the substrate processing region. A separate showerhead may also be
included in the path of the plasma effluents to suppress the flow of ions into the substrate
processing region. The separate showerhead may be referred to as an ion suppressor (not

30  shown). These neutral (uncharged) species may still include highly reactive species that are
transported with less reactive carrier gas through the holes. The flow of ionized effluents into

the substrate processing region may be reduced to below the flow of neutral species on a per
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In one or nore enbodi ments, the processing chanber 700 can be integrated

into a variety of multi-processing platforns, including the ProducerT™M GI
Cent ur aTMvORoamdo@adur aTM pl at f orns avai | abl e from Appl ipea/uskaienss#bs, | nc.
| ocated in Santa Clara, Calif. Such a 20 processing platformis capabl e of

B Cchoro et puaptoah g i PN APIGRERAY 104 ORI HEAPEFS PFBEEES] ng

system &%tiaﬂ_}h SlLisalaMndRQ 158 chnbehinteO Ton@olH the h108ehtlPGdni& grs 802,
804 for transterring of substrates into and out of the system 800.

Typi caldaysinginte thetshestyesprenss8ing régomperde? moveisedigntiohevdrdaagdsoiktuwrhanber s
802, 8Q4 " pu own" .the substrates .introduced intg the system.800. A
st oo B et e BRo AR bR SubButer B iitnt Pl AR E Ranber s
8025 8Qfthakeh Brokbedsst set of one or nore substrate processing chanbers 812,
814, 816, 818 (four are shown). Each processing chanber 812, 814, 816, 818,
can be fl e e | rati ons
et udi g LY §F 5O B AT BeliEh ha Bl BaRRLE L BEPRE ST ERELEMITT ca
| ayer deppssisideast thédbvatedigagiic., ltlayienicdepasl, tahdor (AlR) speehgine@dhe vapor
deposition (CVD), physical _vapor deposition (PVD%ﬁ etch, pre-clean, degas,
or i ent SUPYRIGHECHEHECH RS FPLEaMpic fisssnect ratnefahe holewa g3 gl ediameter 035598
The fir .Of: e

{ranst &0 aREARhaRE B RBRBlS L Hc IR o R d B e B it Rl ced 10
maillt aicharget spdvigghn ecactimatcd pak passing intd iessubbttadeprogessingstgiat esretiacelde
transferred within the system 800. A secaond robot 830 can transf t he
Subst r el LRl E s FrEHES AL EFS BRI S GBSl Lof one
or SnMorg2Rha%e %32) T HNATR &S 8RR to 836w a836starBBrurbeAdfRM1URALsRMOBGRS BHIRY
chanbers 812, 814, 816, 818, the processing chanbers 832, 834, 836, 838 can
be out fhiut fade & Larpepdromtags of dhd dtlycrds toswilslstgoatentrplimegedlisignoperraei ons

including the dry etch processes descrj.b herei.n i.n addition to,cyclical
Pt TR TR St S S R R TS L T
depssi tth@on(seWpikssop BYFbEHoweeRad aslePasditioran e cortr6lthe AbR-oFli@As, degas,
and orientation, 10for exanple. Any of the substrate processing chanbers

812, sipecigstbroughghe gppresgs4, 836, 838 may be renmpved from the system 800
if not necessary for a particular process to be perfornmed by the system
800. Sylatoasot miotd @hb@lim8aty, the prosedingachamibtr T00 ¢antberistegraaddviet®,a Fdriety of
controllers, power supplies and other fungtions requred to carry out

pr ocesSNWEFIBEssHS g@fﬁg%ﬂ peyding thediradusst ¢ il r et goP and Endura

platforms available from Applied Materials, Inc. located in Santa Clara, Calif. Such a
20  processing platform is capable of performing several processing operations without breaking

vacuum.

FIG. 8 is a schematic top-view diagram of an illustrative multi-chamber processing system
800. The system 800 can include one or more load lock chambers 802, 804 for transferring
of substrates into and out of the system 800. Typically, since the system 800 is under

25  vacuum, the load lock chambers 802, 804 may "pump down" the substrates introduced into
the system 800. A first robot 810 may transfer the substrates between the load lock chambers
802, 804, and a first set of one or more substrate processing chambers 812, 814, 816, 818
(four are shown). Each processing chamber 812, 814, 816, 818, can be outfitted to perform a
number of substrate processing operations including the dry etch processes described herein

30  in addition to cyclical layer deposition (CLD), atomic layer deposition (ALD), chemical
vapor deposition (CVD), physical vapor deposition (PVD), etch, pre-clean, degas, orientation

and other substrate processes.
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15 may rely on feedback fromoptical sensors to determ ne and adjust the
position of novabl e nmechani cal assenblies. Mechani cal assenblies may

i ncl ude twe 2nobiape3st hrottl e val ves and susceptors whi chParaSauoessshy not or s
under the control of systemcontroller 857. In an exenplary enbodi nent,

system control | er. 857 i pcludes a hard di sk drive (nmenory), USB s, a
f1 oppy ksl rF&n&{;Brt@B SEPLsrags lo4FTR GRE PHIPET T4y th@P%nggﬁé\nal 0g

and 20dixai trk tlaREret {RHIDRIIRD08S ASan BelsBd f@ﬁ@inpﬁ@ﬁﬁﬁh@ﬂ@a%ﬁﬁ B&HKdifiGsOr
controller boards. Various parts of nulti-chanber processing system 800

whi ch culnteadllosving sbeksticnty eHeansterre8 0thar theopsiem®00edh svgodbentHosanr ol | er
857. The system contraller ecut es st.em, rol .software in the form of
o Compd RIS EH s debien e B P bET AP & o S bR Sea o oGl k.
a flsoppiodipsdceNin@canaehs 821884, SBHLEHR. dimYI8r toPrb@ksihy Biesnihs B8Ny, can al so
be used. The 25 conputer programincludes sets of instructions that dictate

t he ti mMilRg8l8itharpecssing ghanalers 8hhmdér 830 83 eandhe witalisetp peeie parlietly Of RF
power | tor | £i.0n; t f, a.parti.cul ar

P ocess U pRLESHRsPURER hyfRRingBCofl A pBRGRTS Bl Bl BB |
on a subsycladablager deppsinee SLIDY ktodhie &Yiendepobiich €A LDy chemidatphgirent ed using a
conput er program product that |s executed 30 by the controller. The

conput elePPYBg €nY IdePéY%%l VBROTeppsiden (Y IRk el ol etranofiges.cofpticeRtipadabl e
Pr 49" 2118} Bl AQINADEF kA SR Eas O ANBnBSS STRIN 4] RONAGR3) GaaCte, Pascal,
Fortran or others.” Suitable programcode is entered into a single file, or
mul ti pl88fmdyelss reusived) fram tWOs M 800 5608 RECTAJIS2 it B/paBENSS poaarssetntbconal  t ext
edi tor, d %oreﬁg or e:@gdi ed in a conputer usable nmedium such as a
menory @%F@ BY heestediit er. 1f the entered code text is in a high |evel
| anguage, the code is conpiled, and the resultant conpiler code is then

| i nked Spistem emtwobpetl’ is asksl tofcoprelanetpist edved, dowsontroNyradowst sypplichaed y

| ok RIS B BB CNET AR B pUar Sy a5 R Ao RURERAE T o

menmsr y.mdnelySirdeligitk rRatl Sptadat s@Xes i estcinfige 6RHLj1A tRepdsaion dfittoviaBRKS
identified in the program The interface between a user and the controller

may be m¢chanicelagaamdishs Machaniend asseablishaayrieluicdbe 1ovet. tiettls vigbigs andind

o v s e B ARCHOVETSy bRl HtoRff AT Ren R RIGEY, "Por < he
o ot AR e bt Sl ohla R Gir e Sl ety o
oot gnares o s Pt Bnd SpARTOR, SIGh Phroll RS PREABLOInGHARES

t okOhedligitd apoitvanigesbaards, hitgidce dhardd acdbtopper arotar cvatwohartwaals. darieen i s

di spl ayed, 15confirm ng the.operator.s se|ection. As used herej

ubst Tattso! R pR D DTGB SO Bk RO PSS yarer b e

t her eonyonttHRedSIPRRIcn SIHRDIEREE. MG shQeRTtohFEldRk Fut&Y syStemEdnGBNGlps of a
vari ety of dopi'ng concentrations and profiles and may, for exanple, be a

seni condtiet lormsibsomatisr pfogrdme stoyggleon computer-readable medium such as a hard disk,
a floppy disk or a flash memory thumb drive. Other types of memory can also be used. The

25  computer program includes sets of instructions that dictate the timing, mixture of gases,
chamber pressure, chamber temperature, RF power levels, susceptor position, and other

parameters of a particular process.

A process for etching, depositing or otherwise processing a film on a substrate or a process

for cleaning chamber can be implemented using a computer program product that is executed
30 Dby the controller. The computer program code can be written in any conventional computer

readable programming language: for example, 68000 assembly language, C, C++, Pascal,

Fortran or others. Suitable program code is entered into a single file, or multiple files, using a

15



used in the manufacture of integrated circuits. A gas in an "excited state"
descri bes a gas 20wherein at | east sone of the gas nolecules are in

vi br at i ormaiDI2gtiemed3Bed, di ssoci ated and/ or ionized stat ePCTASY&HI/0BIYS be a
conbi nation of two or nore gases. "Silicon oxide" is predom nantly Si 02 but
may include concentrations of other mental constjtuent.s suc

ni t r ogRNVHY Per;"gtsﬁ cdigr BB SaFd qrﬁglbpﬁwg n %ﬁ@npgtmsa%ar}a@&%dm a8hch” are

used t hh QHGRAYLteM drthd\Qorh 15\1/19&11 qg&ﬂe%ﬁte&éaaéode %t%tlﬁr&qgglgfquﬁﬁﬁ%agésth@cd(ﬁr ge

hori zontal aspect ratio. Viewed 25from above the surface ese structures
may appeeempileds ahdithe respdthnt qoolpylgoeale,is th@nthahguwah an objeat aoeleiot y of other

h As
3n?'fo o e SRRy PSSk PRy i PEO FRE bR P, S Ru IS ¥ ace,
.e5, tdage ﬂiéfsg@t@ﬁi Wbr ﬁlb@ke@ttﬁ@@@leét%@é caiiingd e cBmBuRt St fd REEIRI@Bde
general |y parall erson havi ng or di nary skill in the art wll

r ecognilp@cniyy. T h@ CBUc@@lmrqad% aird exeeutes thelopde orprsiorpaha ek idenifpdiatheand
30t hus tgg aberm "general ly" allows for acceptabl e tol erances. Having

di scl oded®eeveral enbodi ments, it will be recogni zed by those of skill in
the art_that varjous nodifications, alternative constructions, and

equi val BIFtBICHAGE BrWEEHUSH erbiie conepling mayibegdas Uy vy meskyand 8ar t i ng
fromt Q‘?soslﬁ&lhhé %ﬁé‘&d&&%ﬁb&ﬁ?% &E@&HMH%%% mAdngéxﬁio&)&ﬁrE h&fed 8nd %Hﬁtredo“
I ave not been

wel | known processes an enent s escri in or er to avoid
unr@cess #hd dlganabsmuwalhfpr thveoperaes nhd thewedribehind Accwoald lfarghgsertnhe above

descri pt| on . Sho'j_Jp not be taken .as I|mt1 régS ﬁ?ﬁ’e Sco f t he i.nv nthl on.
5Wher e SCHRG © 8P ranitpls Masimylancopplydiplaydas & 6b’di1 PHR{IORAR pVRIC

inter Vedakéq&lly%hé‘?s cohﬁgﬁt@@ td 5‘&%{5& iRputladd® il tToe1dch e phrPWElar idré@ntorunl ess the
context clearly dictates otherw se, between the upper and |lower limts of

t hat r dngdions thaloggra@gé@w!hr:s:aw%tmwrcﬁs@dthe Ea?@lawnmlen @rlthraafmwr bethgeen any

e v TR b R e R e e e e AR R S RS AR e

| mist s Rhfilhegehsomidters aagies. my 10 independently be i ncl uded or excl uded
in the range, and each range where either, neither or both limts are

i ncl ude ur 0 i i on,
st oort R bRIS Tl RS | o g SRR BRSO foficd IR O
st at ed Tangppornalbyaas niyebetin 1b§1ﬂzttoo<5r 4 feenitdmiut®r of angesy ekddpint ng ei ther or
both of those .included_ limts are al so |ncI uded. %SAS used her in and in

t he app@Reddratpny apd profiles andigay-Apr gxsmmple. bgre semigone u%(fﬂfdsu ptrate of sityRfe pl ur al
ref er enfssq HhesinhRen ot ﬁfr%?rﬁ%?@}féuﬁs dACg 6880 ge%(bﬁ% y SE” dddaHBes J%{g dexaﬁp' e,

reference to "a process’ es a plura |ty processes
r ef26r eneleertio at tche sdinelof thergas nmi@ceulasalré' ininolaticedyrexkaed nlcssotiated aed/or  nor e

di el ectrie mmier i 5 and iequl val ents (Pher sof Known, L gse; @kt 1ed in the

predominantly SiO, but may include concentrations of other elemental constituents such as
nitrogen, hydrogen, carbon and the like. The terms "gap" and "trench" are used throughout
with no implication that the etched geometry has a large horizontal aspect ratio. Viewed

25  from above the surface, these structures may appear circular, oval, polygonal, rectangular, or
a variety of other shapes. As used herein, a conformal etch process refers to a generally
uniform removal of material on a surface in the same shape as the surface, i.¢., the surface of
the etched layer and the pre-etch surface are generally parallel. A person having ordinary

skill in the art will recognize that the etched interface likely cannot be 100% conformal and

30  thus the term "generally” allows for acceptable tolerances.

Having disclosed several embodiments, it will be recognized by those of skill in the art that

various modifications, alternative constructions, and equivalents may be used without
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20Al so, the words "conprise,” "conprising,"” "include," "including," and

"includes" when used in this specification and in the following clains are
i nt ended WO 28p1e@Pd3g t he presence of stated features, inPegarsgo11ossspoOnents,
or steps, but they do not preclude the presence or addition of one or nore

other features, integers, co nents, steps, acts, Qr groups.
2011/ 14583 GRRR 16 SCrACKAS G Siorcpenpelpshn daasaly, Suriiar ned of

etChianB%%Hﬁéaﬁgm%Méékﬁﬁh%lbﬂeﬁbﬁ&@§ﬂé§%@e@ﬁﬂﬁ§&%h@Qmﬁﬁﬁh&%&%kh@ substrate
processi ng chanber, wherein the patterned substrate has an exposed

oxy gen-amdgig the presego mvanhom gAcagdioglyathd ahovedgsoggtnsshbuldoet botakan as ng
regi on which containi Iesspﬁéygen t han t he oxygen-and-silicon-containing

regi on, A8 ths 588° RLABITSIUYT "5 1 owi ng a 1 uori ne- cont ai ni ng pr ecur sor
into a renote plasma region fluidly coupled to the substrate processing

regPon WWhetce reganingluss pi prewided.nt ishiadersioad tht axaenicagning vebicpiodliatatipl asm
oxygen-auie SN PEREIAE bR Rk GOTARRE R AR SR R AR AL PR IR e
t he substneye lpriocehatngndetigalBa specifically disclosed. Each smaller range between any

stated value or intervening value in a stated range and any other stated or intervening value in

that stated range is encompassed. The upper and lower limits of these smaller ranges may

10  independently be included or excluded in the range, and each range where either, neither or
both limits are included in the smaller ranges is also encompassed within the invention,
subject to any specifically excluded limit in the stated range. Where the stated range includes

one or both of the limits, ranges excluding either or both of those included limits are also

included.

15  Asused herein and in the appended claims, the singular forms "a", "an", and "the" include
plural referents unless the context clearly dictates otherwise. Thus, for example, reference to
"a process" includes a plurality of such processes and reference to "the dielectric material”
includes reference to one or more dielectric materials and equivalents thereof known to those

skilled in the art, and so forth.

20  Also, the words "comprise,” "comprising," "include,” "including," and "includes" when used
in this specification and in the following claims are intended to specify the presence of stated
features, integers, components, or steps, but they do not preclude the presence or addition of

one or more other features, integers, components, steps, acts, or groups.
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102. The method of claim 1l wherein an etch rate of the exposed silicon-
containing region is greater than an etch rate of the exposed

oxygen- ario2pit/aessscont ai ni ng regi on by a mul tiplicati vecrastan/ogyseat er
than 5. 3. The nethod of claim 1l wherein the exposed silicon-containing

regi on | i al evoi d of oxygen. 154. The nmethod of claim1 wherein

t he ex =ai ni ng region consists essentially of silicon.

5. The method of claim 1l wherein the exposed oxygen-and-siliconcontaining
region consists essentA aldnoddf cRildes patterned substrate in@-subdtfutdBlobedingf claim 1
wherein the exposed silicon-containing region 20is polysilicon, the exposed
oxygen-ragign of k selstrateanecsissing ghanelyir owhdreinshopatigniedisibstipgd §asianicapesceids t ri med
by bet Moy ]Zar? -si?lnodn-]'OSnt Ming region and an ex 07e'd S-E[fgonqg:a&n?a?anf %na ! mcl1i wher ei n

t he expogéglsi P'Con- cont al iﬂﬁ regi on oonst St's essen?|§F?§ of 'S i con,

car bon c@fthindilds@@9Ben than the oxygen-andBsiliddiecdiiiag réfios|thd Methodhemgtifinghe
exposed oxygen-and-silicon- 25containing region consists essentially of

si | Pcon, carbon dHVisgyduarine-ggntsining pradeses par Awspote plggsgggon fluidly

9. The f i rein. LWL LCoR: i jon is
S on, (REP BT B e ol NS kb R RARRE: Splanao T ACThAMER RER Y S o
i s remuvectbducoplatine ctfhseatspindr trench fornmed in the Si CC 10.

The method of claim. 1 wherein the fluorjne-confaining precursor
etching the silicon-containing region faster than the oXygen-and-silicon-

containing region by flowing the plasma effluents into the substrate processing region.

10 2. The method of claim 1 wherein an etch rate of the exposed silicon-
containing region is greater than an etch rate of the exposed oxygen-and-silicon-containing

region by a multiplicative factor greater than 5.

3. The method of claim 1 wherein the exposed silicon-containing region

is essentially devoid of oxygen.

15 4. The method of claim 1 wherein the exposed silicon-containing region

consists essentially of silicon.

5. The method of claim 1 wherein the exposed oxygen-and-silicon-

containing region consists essentially of Si0O,.

6. The method of claim 1 wherein the exposed silicon-containing region
20  is polysilicon, the exposed oxygen-and-silicon-containing region is SiO, and the polysilicon

is trimmed by between 1 nm and 15 nm.

7. The method of claim 1 wherein the exposed silicon-containing region

consists essentially of silicon, carbon and nitrogen.

8. The method of claim 1 wherein the exposed oxygen-and-silicon-

25  containing region consists essentially of silicon, carbon and oxygen.
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5conprises at | east one precursor selected fromthe group consisting of
nitrogen trifluoride, diatomc fluorine, nonatom c fluorine and

fl uori ne-wohkstivt4ed3ed hydr ocar bons. 11. ThepPo#tuseal 1085598 ai m 1
wherein the plasma effluents possess an atomc ratio of
fluorine-to-hydrogen which is greater than 5:1. 12. The met hod

of claim1 whereiph essentiall loni zed.species are. 10present in.the

ol asmm. o1 11 uent o i ¢ niamaned s LufEGi BERhE e gTsAT EOT R AdieaisBiony e

et ch sqb sgtNMhé ¥xsed 88y 2hlah8ANic6RRbAaMiIMPrebRMII®BIOC and the SiCN is rehfoved

met hod of etching patterned substrate in a Substrate processing region of a

subst r dten gredwes of mgerdthdptped intheb¥)@ t he patterned substrate has an
exposed nitrogen-and-silicon-containing region and an exposed

silicon-containing reghon, Wl &by éigﬁ%??kﬂe{lﬁn lh%srﬁwﬁhéfc&%fﬁi& Na0cdfte
ni trogen-and-si |l i con-containing region, e metho conprléﬁng.

f1 06 ngoanphiserodtilest eergracursdrgelpcted thosnthe igfdup cdnsistiiyt &f rifregomariflegiidy f1 ui dly
coupled . to the substrate processing region while formng a plasma in the
first pliaeme feyinsnmepatppigiieqring aagrﬂ&oem-ﬁ%ﬁf%e;d Bylossaneni ng t he

silicon-containing region faster than the nitrogen-and-silicon- containing

region by flow ng t he BlagiRoEbf ke %vh%fbﬁr?th%ﬁb@asﬁﬁ@ﬂﬁ&ttsepﬁﬁ&ggﬁﬁioﬂgc
regi on. 14. The method of claim 13 wherein an etch rate of the

exposedago bfﬂmrirmdntkazidrﬁgagwi@@iiergrdaserghaelat't:ér than an etch rate of the
exposed nitrogen-and-silicon-containing region by a multiplicative factor

i T oan- cont ai ni g r ogh i PECLECURET LRHGALESPSh oGl e et noo
of 10l aigreskdt WhRE plaimi BEIRXR SN Hel suBQREHBt &bt RELibL ) PBre6RNAE Sich
essent Isg{elcgvi?; ofstlhle Isi(l:iggﬁ-containing region.

13. A method of etching patterned substrate in a substrate processing
region of a substrate processing chamber, wherein the patterned substrate has an exposed
nitrogen-and-silicon-containing region and an exposed silicon-containing region which

15  contains less nitrogen than the nitrogen-and-silicon-containing region, the method
comprising:

flowing a fluorine-containing precursor into a remote plasma region fluidly
coupled to the substrate processing region while forming a plasma in the first plasma region
to produce plasma effluents; and

20 etching the silicon-containing region faster than the nitrogen-and-silicon-

containing region by flowing the plasma effluents into the substrate processing region.

14.  The method of claim 13 wherein an etch rate of the exposed silicon-
containing region is greater than an etch rate of the exposed nitrogen-and-silicon-containing

region by a multiplicative factor greater than 1.5.

25 15.  The method of claim 13 wherein the exposed silicon-containing region

is essentially devoid of nitrogen.

16.  The method of claim 13 wherein the exposed silicon-containing region

consists essentially of silicon.
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WO 2011/ 149638PCT/ US2011/ 035598 17. The method of claim 13
wherei n the exposed nitrogen-and-siliconcontaining region consists

essent i alwg 20f1/mpd38con nitride. 18. The metrhisdoiofo3zsbai m 13
wherein the fluorine-containing precursor conprises at |east one precursor
selected fromthe group consisting of nitrogen trifluoride, 5diatomc

fl uorine, nonatom ¢ fl ri ne, and.fluorjne-substituted hydrocarbons.
R R R i SR A e R S Btk B R
the pl agamifhd e SnE. SRaBM &t dicodaN@igd. of hydrogen. 20.

The nethod of clai m13 wherein the plasma effluents possess an atomc ratio

of fluorine-to-hydrogen which is greater than 5:1. o
18. ~ The method of claim 13 wherein the fluorine-containing precursor

comprises at least one precursor selected from the group consisting of nitrogen trifluoride,

5  diatomic fluorine, monatomic fluorine and fluorine-substituted hydrocarbons.

19. The method of claim 13 wherein the fluorine-containing precursor and

the plasma effluents are essentially devoid of hydrogen.

20. The method of claim 13 wherein the plasma effluents possess an

atomic ratio of fluorine-to-hydrogen which is greater than 5:1.
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