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materials on structured substrates, such that flowable materials
devices with 45 nm, 32 nm, and 28 nm feature sizes, and new equipment is being developed
15 and implemented to make devices with even smaller geometries. The decreasing feature
sizes result in structural features on the device having decreased spatial dimensions. The
widths of gaps and trenches on the device narrow to a point where the aspect ratio of gap
depth to its width becomes high enough to make it challenging to fill the gap with dielectric
material. The depositing dielectric material is prone to clog at the top before the gap

20  completely fills, producing a void or seam in the middle of the gap.

Over the years, many techniques have been developed to avoid having dielectric material
clog the top of a gap, or to “heal” the void or seam that has been formed. One approach has
been to start with highly flowable precursor materials that may be formed on a patterned
substrate surface (e.g., SOG deposition techniques). These flowable precursors can flow into

25  and fill very small substrate gaps without forming voids or weak seams.

In some applications the surfaces inside the substrate gaps may not be wettable by the
flowable dielectric material. This tends to happen when the underlying material is deposited
at high temperature, for example. Thus, there is a need for new deposition processes and

materials to form dielectric materials on structured substrates, such that flowable materials
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20  containing precursor is predominantly excited by contact with the radical-nitrogen precursor.
These methods further include depositing a conformal silicon-and-nitrogen-containing layer

having a conformal layer thickness on the patterned substrate.

Embodiments of the invention further include methods of forming a silicon-containing layer
with reduced volume shrinkage. These methods include transferring a substrate containing a
25  gap and depositing a conformal silicon-and-nitrogen-containing layer on the substrate. The
conformal silicon-and-nitrogen-containing layer has a conformality. These methods further
include depositing a flowable silicon-and-nitrogen-containing layer over the conformal
silicon-and-nitrogen-containing layer. The silicon-containing layer comprises both the
conformal silicon-and-nitrogen-containing layer and the flowable silicon-and-nitrogen-

30  containing layer.

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 invention. The features and advantages of the
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DETAI LED DESCRI PTI ON OF THE | NVENTI ON
Fig. 2 is a flowchart illustrating selected steps for forming a conformal dielectric layer having

selectable optical properties according to embodiments of the invention.

15  Fig. 3 is a flowchart illustrating selected steps for forming a dielectric layer in a gap

according to embodiments of the invention.
Fig. 4 shows a substrate processing system according to embodiments of the invention.
Fig. 5A shows a substrate processing chamber according to embodiments of the invention.

Fig. 5B shows a showerhead of a substrate processing chamber according to embodiments of

20  the invention.

DETAILED DESCRIPTION OF THE INVENTION
Methods, materials, and systems are described for forming conformal dielectric layers
containing silicon and nitrogen (e.g., a silicon-nitrogen-hydrogen (Si-N-H) film) from a
carbon-free silicon-and-nitrogen precursor and radical-nitrogen precursor. The carbon-free
25  silicon-and-nitrogen precursor is predominantly excited by contact with the radical-nitrogen
precursor. Because the silicon-and-nitrogen film is formed without carbon, the conversion of
the film into hardened silicon oxide is done with less pore formation and less volume
shrinkage. The deposited silicon-and-nitrogen-containing film may be wholly or partially
converted to silicon oxide which allows the optical properties of the conformal dielectric

30  layer to be selectable. The deposition of a thin silicon-and-nitrogen-containing film may be
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one another or the previously mentioned carbon-free silicon precursors.
The silicon-precursor may be oxygen-free in addition to carbon-free. The lack of oxygen
results in a lower concentration of silanol (Si-OH) groups in the silicon-and-nitrogen layer
formed from the precursors. Excess silanol moieties in the deposited film can cause

25  increased porosity and shrinkage during post deposition steps that remove the hydroxyl (-OH)
moieties from the deposited layer. In other embodiments, the silicon-precursor contains
oxygen which is incorporated into the conformal silicon-and-nitrogen-containing film.
Oxygen content may be desirable in order to modify deposition properties and/or the optical
properties of the deposited film. Oxygen-containing precursors may be introduced as a

30  separate precursor and a carbon-free silicon precursor and an oxygen-containing precursor

may be concurrently flowed into the substrate processing region.

A radical-nitrogen precursor is also provided to the reaction chamber 104. The radical-
nitrogen precursor is a nitrogen-radical containing species that was generated outside the

reaction chamber from a more stable nitrogen precursor. For example, a stable nitrogen

4
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20  an input gas consisting essentially of nitrogen (N,) (with or without additional inert carrier
gases) has also been found to produce beneficial films in disclosed embodiments. The
radical-nitrogen precursor may also be replaced by a radical precursor formed from an input

gas consisting essentially of hydrogen (H;) (and optionally inert carrier gases) in

embodiments where the silicon-containing precursor comprises nitrogen.

25  In embodiments, the radical-nitrogen precursor is generated in a section of the reaction
chamber partitioned from a substrate processing region by a screen or showerhead. In the
substrate processing region, the carbon-free silicon precursor and the radical-nitrogen
precursor mix and react 106 to deposit a conformal silicon-and-nitrogen containing film on
the deposition substrate 108. The radical-nitrogen precursor provides the predominant

30  excitation to the carbon-free silicon precursor. In embodiments, the radical-nitrogen
precursor provides the only excitation to the carbon-free silicon precursor. No or essentially

no plasma power is applied to the substrate processing region during deposition.

The pressure in the substrate processing region is below one of 200 mTorr, 150 mTorr, 100

mTorr, 75 mTorr or 50 mTorr, in different embodiments. The thickness of the conformal
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The patterned substrate may be heated in or simply exposed to an oxygen-containing

20 atmosphere 206 after the silicon-and-nitrogen-containing film is deposited. The substrate
may remain in the reaction chamber when the oxygen-containing atmosphere is introduced,
or the substrate may be transferred to a different chamber where the oxygen-containing
atmosphere is introduced. The oxygen-containing atmosphere may include one or more
oxygen containing gases such as molecular oxygen (O,), ozone (Os), water vapor (H,0), and

25  nitrogen-oxides (NO, NO,, etc.), among other oxygen-containing gases. The oxygen-
containing atmosphere may also include radical oxygen and hydroxyl species such as atomic
oxygen (0O), hydroxides (OH), etc., that may be generated remotely and transported into the

substrate chamber. lons of oxygen-containing species may also be present.

The oxygen-containing atmosphere provides oxygen to convert the silicon-and-nitrogen

30  containing film partially or completely into a silicon oxide (SiO;) film. The lack of carbon in
the silicon-and-nitrogen containing film results in significantly fewer pores formed in the
final silicon oxide film. It also results in less volume reduction (i.e., shrinkage) of the film
during the conversion to the silicon oxide. For example, where a silicon-nitrogen-carbon

layer formed from carbon-containing silicon precursors may shrink by 40 vol.% or more
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containing filmmay be bel ow one of 200C, 150C, 100C, 75C and 50C, in
different 10 enbodi nents. Follow ng the deposition, the filmmay be cured
and/ or arweabadobrsi ncrease the oxygen content of the fiPCEHUsg0IdiosBSassed in
more detail herein with reference to FIG 2. Referring nowto Fig. 2,
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patterned substrate 202. The 15 substrate nmay have trenches, gaps and other
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at msphéﬁggrﬁéeem%&?ﬂgg&one or nore oxygen containi ng gases such as

nmol ecul ar ox(é%en (02), ozone (03), water vapor (H20), and 25
ni t rl@gerErokedimsnts @y ingdpde mkipje hegting gtasestiwith @i tepenerabighs agd gases. The
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gener at admpaanirelnyanadisospharsthar ihelddéssteant (1 UREilE ateoat ashrig. stdge mMsaydie
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at mos pheEOPPeR, Mgl paramditempIAE: 11 & ¢ o3V ESIcHANEE APespBER Ydvebnt ai ni ng

f11m pardbaudhli9a Wk & L ahdt ipvﬁﬂrd%eﬁhﬁéalgt%knrgé# fiR0 bPLGtduclllilh nBRBxLAGK Of

carbon in the sflicon-an Itrogen cont mresults In signi antly
f ewd paoesirfing atedsplere freg f duyd¥l,, $iel Acatc. pXlindehdrichtbodiniensd, sworesuwutes i n | ess

vol ume redyction (i.e., shrinkage) of fil ing the conversion to the
1 con QR Rt sFapgsitares s rsten 100G e TP gareistRE SR Brned
from car&fggefﬁg%@hﬂean%ﬁlabb&m)opc .Cﬁﬁé&Iy%eﬁI%b!ntﬁfﬁ'iﬂg%%rlnBypléPe MRt ar%l/&;] nor e

WO 2011/ / US2011/ 024378 when cornverted to silicon oxide, the
subst antanatdlyedsmehiba réal pertvn|of teninderdofrriefragipar(nichsured ately3 simibelovbgneadlout 15

VoL o o R B RS R A B B BB
300G0 4QQ€EnctrHocfRMHE(th8ARGnAIME of the imaginary portion of the index of refraction; also
measured at 193 nm) below one of 0.15, 0.10, 0.075, 0.050 or 0.025, in different
embodiments. The conversion to silicon oxide is partial and the extinction coefficient
following conversion is above one of 0.010, 0.025, 0.050, 0.075 and 0.10, in different
embodiments. Any of the upper bounds may be combined with any of the lower bounds to

25  form additional ranges for the extinction coefficient, in additional embodiments.

Fig. 3 is a flowchart illustrating selected steps in methods 300 for forming a dielectric layer in
a gap on a substrate according to embodiments of the invention. The method 300 may
include transferring a patterned substrate 302 into a substrate processing region. The
substrate may have a plurality of gaps for the spacing and structure of device components

30  (e.g., transistors) formed on the substrate. The gaps may have a height and width that define
an aspect ratio (AR) of the height to the width (i.e., H/W) that is significantly greater than 1:1
(e.g., 5:1 or more, 6:1 or more, 7:1 or more, 8:1 or more, 9:1 or more, 10:1 or more, 11:1 or

more, 12:1 or more, etc.). In many instances the high AR is due to small gap widths of that



51000C, in enbodinments. The substrate tenperature may be bel ow one of 100C,
200C, 300C, 400C, 500C, 600C, 800C, 1000C or 1100C, in enbodi ments, during
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the index of refraction (measured at 193 n bel ow one of 1.8, 1.75, 1.7 or
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A f ' ' f
25) orm AarEPS Rsp tPAREE SO SR e s ARt NollPr AR RN ©
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300 for formng a dielectric layer in a gap.on a substrate according to

enbodi meEIE2geDeNoN Hesipibing fitfe Thersmsdicnohaiyo fengeres ivdngeeby g a
pat ar “qgrgég{%ﬁiﬁth?}aﬁioﬁg’goﬂs}%hed O?H«?ﬁéet{tg%e.e I\Héa%ﬁf%ﬁgh tls Gv%?,' 1l cox}%ﬁna’il@ﬁ rate

may have ality of gaps acing and structure of devite
conponerths siBCor{-endynitrogeransitsinoddydr anayea grentt¢rtbarsoizesdfi A0e .80THO0Yapsl may
have a io/ght agjd Wi d%B t hat define an aspect ratio (AR) of the height to
the wi dih /il dfcregt@mbodimentss s gnificantly greater than 1:1 (e.g., 5:1 or
nore, 6:1 or nore, 7:1 or nore, 8:1 or nore, 9:1 or nore, 10:1 or nore,
11: 1 or Anbowable3iliconrandmiteogeatcontaininglayemy depesitacideson the donfpimaARaye bdue t o
smal | gap wi dths of that WO gl [/ 109148PCT/.US 1%,1/ 02%37 rﬁngle f rom about
90 nm t o 4b8Ute 23 Phit'dr 't ‘é?&s*“%s ?aé". PIOEBEUE "G him M85 WM DB A3 22
nm 206 nAR flefGatks of one or both of the precursors (the radical nitrogen precursor and/or the

carbon-free silicon-containing precursor). Alternatively or in combination, the pumping
speed may be reduced by partially closing a valve or reducing the actual pumping speed of
the vacuum pump. The pressure in the substrate processing region is greater than one of 500
mTorr, 750 mTorr, 1 Torr or 2 Torr, in different embodiments, as the flowable layer is

25  formed. The wetting properties of the conformal layer assist the penetration of the flowable
layer into the gap. Because the layer is flowable, it can fill gaps with high aspect ratios
without creating voids or weak seams around the center of the filling material. For example,
a depositing flowable material is less likely to prematurely clog the top of a gap before it is

completely filled to leave a void in the middle of the gap.

30  The flowability may be due to a variety of properties which result from mixing a radical-
nitrogen precursors with carbon-free silicon precursor. These properties may include a
significant hydrogen component in the deposited film and/or the presence of short chained
polysilazane polymers. These short chains grow and network to form more dense dielectric

material during and after the formation of the film. For example the deposited film may have
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A conformal silicon-and-nitrogen-containing |ayer may be deposited on the
substrate 304 as described with reference to FIGS 2-3. As used herein, a
conf or mmlwbayariopBers to a generally 5uni form | ayer of Pomtuseéialo24ns a
surface in the same shape as the surface, i.e., the surface of the |ayer
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punpi ng speed of the vacuum punp. The pressure in the substrate processing
regi on iBStgRsapeplasmans Dracfroguhe gasser, 750 niforr, 1 Torr or 2 Torr, in

di fferent enbodi ments, as the flowable |ayer is 25forned. The wetting
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| ayer into.the gap. .Because the J.ayer is flowable, it.capn fill gaps with
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|l ess likely to preimaturely cﬁog the top of a gap before it is conpletely
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or ecur s VERH Bitesh TS RRRF Shb e DR EE el Vet g Rkl By Mencr e
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of short chai ned polysilazane pol yners. These short chains grow and network
to for mthegrmsodhsa gonyt exeanr(Og raagads ¢l ioBur i ng and after the formation of

the film For exanple the deposited fil mnmay have
Exemplary Silicon Oxide Deposition System

Deposition chambers that may implement embodiments of the present invention may include
high-density plasma chemical vapor deposition (HDP-CVD) chambers, plasma enhanced

25  chemical vapor deposition (PECVD) chambers, sub-atmospheric chemical vapor deposition
(SACVD) chambers, and thermal chemical vapor deposition chambers, among other types of
chambers. Specific examples of CVD systems that may implement embodiments of the
invention include the CENTURA ULTIMA® HDP-CVD chambers/systems, and
PRODUCER® PECVD chambers/systems, available from Applied Materials, Inc. of Santa

30 Clara, Calif.

Examples of substrate processing chambers that can be used with exemplary methods of the
invention may include those shown and described in co-assigned U.S. Provisional Patent

App. No. 60/803,499 to Lubomirsky et al, filed May 30, 2006, and titled "PROCESS
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WO 2011/ 109148PCT/ US2011/ 024378 a sil azane-type, Si-NH Si backbone (i.e., a
Si-NHfilnm. When both the silicon precursor and the radical-nitrogen

pr ecur sorwanelic@stasn-free, the deposited silicon-and-ni PCOYS201¢024338 Ni ng
filmis also substantially carbon-free. O course, "carbon-free" does not
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car bon ighpwhiahd dsschibv®inell. SaPgt. Nagh6, 3875207t dndrs, $90ud 2, hichaunslsé thearpdtdtédon
precursqor having a carbon noiety (e.g., TECS, TMDSO, etc.). Anal ogous to
the preicHis bergeEnaer sllprmoses 1- 2, the deposition of the conformal and
fl owabl e silicon-and-nitrogen-containing films may be followed by curing
and/ 6r dimiealimogts HOtheQipositien gotevarmsayobe inocorpotateaiontodxrgde fabayativs gystetisal  or
conpl ete. and may affect both the f bl e and copfornal | g osited fil ns.
The. oxy dehPiogHtIAR Mtseas RECHHeHe r#égl\-ﬂﬁﬁlﬁ}m%nwc SYih 400 phoSisBne and
vat er VapRing ATRNEnSENRIbACRLSrdidd oIRFosk D MBPGiBRNts2 IRHRSHBrBYpahe St I uck
froma mxture that includes the oxygen-containing gases, while in other
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entering the chanber, .may. i ncl ud ne, of re c ounds that have been
et vat cied) (et BTRGH Koo RS 307 35y e Efafhuf BRERES P e e eBer
For 1exarRkde bbie pPkdalo 6806 naGerGaScciBig Eihieaesotadi Gakecony LIS RERT €S,
radi cal hydroxyl species, etc., activated %y exposi ng nore stable precursor

conpounds OtrhgyoRegised te Barspert theagibeirae wates frpmdherpeldingtagen 4000p deuproerssingay

i ncl ude W@Eﬁ ViaRo ydrogen peroxi de 20 (H202) that produce hydroxyl
(OH) radica érséﬁggi%gﬁi]?acghd nol ecul ar oxygen and/ or ozone that produce

atom c oxygen (0) radicals and ions, Exenplary Silicon Oxi de Deposi.tion
Syst em DEj5duPesseng ehpmisey 0% aninayigiydgsne remeTeTBisa sAdmoRcHs fongerpyiiasnt

i nventi %ﬁﬂn%%ﬁﬁln%ddglfimr g&hﬁ%@ﬂé#ﬁ%@éf&n&*}ﬁm Gfthe \é%g{ate%ﬁgﬁ iyl O?EE ovD)

( HDP- CV ers, asnma enthance chem c vapor deposition
chantber ssonfglratdmosplpeirs of thh pricesslingvaporbedepn st i8icahandIASHD) mep derbsrdstp and

t hermal chenj cal, vapor,..depasition, chanbers, anmong of her types of. chanbers.
Spect 11 RBRANDE SovgPRERE e e R Ry o PE DI B BUGDRERESBE | he
I nventi %ahBGﬂs%,hb&-W%MdT& iy P b SR A IREE Sk S ¥ ufiRor @Nd

PRODUCER(r) PEC chanber s/ systens, avail able from Applied Materials, Inc.
of Sant eo80@iratien, tigasanfe. twexwmp béprogéssmghbembtns (peodedsil ngd 4d3mbenay ichat can

b o2 AR 0huRL 08 BRI R TRty REL) DR 80017 °
Luboui r skird ghir af chambea cMaW086-b) 29 Be vaddifor UV 66E - HRRYCESS: of the deposited
film. In still another configuration, all three pairs of chambers (e.g., 408a-f) may be
configured to deposit and cure a flowable diclectric film on the substrate. In yet another
configuration, two pairs of processing chambers (e.g., 408c-d and 408e-f) may be used for
both deposition and UV or E-beam curing of the flowable diclectric, while a third pair of
25  processing chambers (e.g. 408a-b) may be used for annealing the dielectric film. Any one or
more of the processes described may be carried out on chamber(s) separated from the

fabrication system shown in different embodiments.

In addition, one or more of the process chambers 408a-f may be configured as a wet

treatment chamber. These process chambers include heating the flowable dielectric film in
30  an atmosphere that includes moisture. Thus, embodiments of system 400 may include wet

treatment chambers 408a-b and anneal processing chambers 408c-d to perform both wet and

dry anneals on the deposited dielectric film.
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WD 2011/ 109148PCT/ US2011/ 024378 CHAMBER FOR DI ELECTRI C GAPFI LL," the entire
contents of which is herein incorporated by reference for all purposes.

Addi ti onavoerampbaBy systens may i ncl ude t hose shown anecCaasestioes7s n U. S.
Pat. Nos. 6,387,207 and 6, 830,624, which are also incorporated herein by

r ef er enddG 8A igh Substrafsaeesssiag Eherolsr 78Apecosding tmdla@lpwsh cribodinsnds. evs may be

d
ci'rout t ENBE IRy A AERAST 30 B BBy ST s SRS Pt BTG anc
curing @J@%fﬁﬂySlaC@“deth’ﬂ@cﬁ gasdu@ﬂyeﬁzﬁﬂlearﬁb@dmm&hlnlthb thenket gyderablya pair

of FOUPs ((;ront openi ng unified pods) 402 sup Bé%e substrate substrates
(e.g. dndiest shrspel M@@‘r%)a &aﬁéhat aa%e&@wg W%b‘é%m%sw%@@zl and

pl aC d '5’1@ Owfild QUG SR n}%‘l é’g%’(?% HRRADS0 Ok ﬁél%z%%q%qlsb@to one

of t processing c A secon ro otic arm may be
used t o for thepparcts gdsand ttitﬁsstecmcbcha/aﬁd (85 3 frmayrhetdsed foyladraagnanrt gas #i0bsd@setlhe

processi ng chanbers 408a-f a back. The p sin ers a-f may
i ncl ude e&ﬁ?@d&m@%r@%@@é as%mrgorfﬁ%}) 5&@ éﬁﬂ)ﬁ grat%mét&rqw%% %uring
and/ or - eheRh NP 159)’1@43@%@ Sleatyehbechl WA 'AIIB\K}E arp %‘Q%Jt@ﬁtfal Yéﬁlﬁeea[pphkdi‘td) ne
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confi gured to both deposit and anneal a flowable dielectric filmon the
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fabrication systemshown in different enbodi ments. In addition, one or nore

of the PrRGRSSIFNHLELE QRS SRSt LAN 10QHE %s%&e%r(‘!!%&mﬁé %%id?ﬁ@t

chanber. These process chanbers ‘i nclude heating the flowable dielectric
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Showerhead 553 is positioned between chamber plasma region 520 and substrate processing
region 570 and allows plasma effluents (excited derivatives of precursors or other gases)
created within chamber plasma region 520 to pass through a plurality of through holes 556

25  that traverse the thickness of the plate. The showerhead 553 also has one or more hollow
volumes 551 which can be filled with a precursor in the form of a vapor or gas (such as a
silicon-containing precursor) and pass through small holes 555 into substrate processing
region 570 but not directly into chamber plasma region 520. Showerhead 553 is thicker than
the length of the smallest diameter 550 of the through-holes 556 in this disclosed

30  embodiment. In order to maintain a significant concentration of excited species penetrating
from chamber plasma region 520 to substrate processing region 570, the length 526 of the
smallest diameter 550 of the through-holes may be restricted by forming larger diameter

portions of through-holes 556 part way through the showerhead 553. The length of the
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FIG 5A is a substrate processing chanber 500 according to discl osed

enbodi nents. A renote plasma system (RPS) 510 may process a gas which then
travel s twioacoaghiosisgas i nl et assenbly 511. Two distinct @as/usagplog43channel s
are visible within the gas inlet assenbly 511. A first channel 512 carries

a gas t haallpgshamctehrsOuyhihe theoushrivles J50ararebostiie same RIS e5magnitde keths second

channel 51 ypasses e..RPS. 500, e first .channel 502 be used for the
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as a I enhfn s fiy SYshi o fidte of B RETOY B8E (03 N,bi RO, (&), SuH; efigir ed
to as a showerhead) 553 separates chamber piasma region 520 from a

subst r atieclpdiog @&blirrglang gisvland A% ApankREA. dhowerdesaghs5%8. alShiovkidp e e’ 3

15al l ows_a pl.asna.present i.n ch er pl-asma region to ayoid.directly
excl 11 ner p B B P R BTReE ish TR GetihEmanars oy AR U ng
excifped [Fpest 85 dnd/drha¥er bhQRhEBANBEH-cRHAS BB il t@RnRRL ahhRasidhst rat e
processing region 570. The punpi ng speed of the exhaust system attached to

t he subswmEECH s dsigigvinggr esrdprosged Bl o Blasmd cEbienisgudeidclude maiizedairn a
pressure in.the. subst e S| eqi 0, of rr, 150
o Sl ir SHOS AL RERCERTl 00,8 0, BELRY 896804 R0, TR
deposi t ipecuddor andvbos ralicasinitiopen passdrsdt tef@g ey tchBhintit Bendtitddis. ofShower head
553 is positioned between chanber plasma region 520 and substrate

pr ocessiMgcereEIdAsusednd al | ows pl asma effluents (excited derivatives of
precursors or other gases) created within chanber plasma region 520 to pass
t hr ddgh la eplbodahdntsy tlaf nunfireo a§thrévphe® ] S5B 62bashiat batwesreateat 6thend dhook s of

t he pl atg. g%e slho head 553 al so thgs one or nore holl ow vol s 551 which
can be IR UGIET 0 BROAGESOFTER SBarS i BF moN spiy mcgad ofién s a

si | i con-GOME&i didel POHMBBLEL BHEs PaSmal BE QLR es BBt ONOhBSamOBoliPmm
substrate processing region 570 but not  directly into chanber plasnma region

520. Showdrtrezd ab&B li mmt fridabent G mamint hiscldsed gmhodimentse Theralid dsa lagitualeen er 550
of the tklllrou?h- hol es 55[6 iQ this isch%sid Sge odi,brrentd I n. oLde{. 0

mai nt ai i 9OYTHHICATEERECOBRCERPY Gt BN EBF O RIS "Apesi TBad Rt &Y ”Pfg“ﬂ om
charmber @laashimingigh@ntHedWotsBasy b The at@be FEERHIHAGEsI569uedY B iftrodue alggigt h
526 of the smallest dianeter 550 of the through-holes may be restricted by

f or m ng intersybstrads pivsessinggesion §AS mey behebirgh 2hentd 90386 abart S00R9r bdiverigh t he
shower h ea%gutSSFO%' an-ﬁ Ql%mllt%gb r1"11 8ifffe%}1? GMQO glgge%l{sl %% %@Mél‘%%%ﬁé%ﬁ?ﬁ(ﬁgg 555

may be between about 0.1 mm and about 2 mm.

FIG. 5B is a bottom view of a showerhead 553 for use with a processing chamber according
25  to disclosed embodiments. Showerhead 553 corresponds with the showerhead shown in FIG.
5A. Through-holes 556 are depicted with a larger inner-diameter (ID) on the bottom of
showerhead 553 and a smaller ID at the top. Small holes 555 are distributed substantially
evenly over the surface of the showerhead, even amongst the through-holes 556 which helps

to provide more even mixing than other embodiments described herein.

30  An exemplary film is created on a substrate supported by a pedestal (not shown) within
substrate processing region 570 when plasma effluents arriving through through-holes 556 in
showerhead 553 combine with a silicon-containing precursor arriving through the small holes

555 originating from hollow volumes 551. Though substrate processing region 570 may be
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smal | est di aneter 550 of the through-holes 556 nmay be the same order of
magni tude as the snall est dianeter of the through-holes 556 or less in

di scl osedwenbodioprest s. |1 n the enbodi nent shown, shower heat/Us3@ 1/ve4878
distribute (via through holes 556) process gases which contain oxygen,

hydr ogerfaaiiitd o PP getesaadpoethpl presrssestsiFluaneusingf ng plepms isgresatdurgses
upon ex%héaﬁkggop%?%xghaanaﬁfn chanber plasma regi on 520. I n enbodi nents,
the process gas 1 ntro UREW i'Mto the RPS 510 and/ or chanber pl asma regi on
520 through first channel 512 may contain one or npre of oxygen (02), ozone
(03), N2bPlasma mgorbe igpied aifhgr inrEppaeTRjasmHegios; 12 bovethomicirad STSAr and DSA.
The pro - al 1 I S it n,
it rogen [ RBY Piof e kingrefloh 370 HAGNANGRFMLRLS A0 BHERuGEp G M RIRED: oo
gas and/phasna regioniséd tgpeduantié oadicl hittageo pracngogfismuasenfldw of e midwgean

unwant ed onent fromthe gromng. or as-deposited . film Pl eff] uents
may i ncmyﬁ-g*%me%éa%m%%ﬁsr %n_ ggr‘i agq yewapy 1 th?% riﬂl%éfég‘éen@)ézﬁ]gﬁ&n%&? al so
be ref erarpﬁﬁe& Bethie&Ping c@§d&ti{zé‘ﬂipﬁi‘>!rﬁ&f<5/ﬂec§f tRE plodEfo ABHHOF ard showerhead

radi cal -nitrogen precursor referring to the atomc constituents of the

pr ocess Yfago ignitcaduessth in thamhergridroui negion $20 dhengdevsitioof AnhRboeghehwipely 556

my be between ab 0 and a 0, Through-hol es 556.nay have a

vari o, R s TR B 87 T E e A2 pucey M ORI oBRE TR R BBt er 550
of tipr oughn behBinaBGPwIRYhIB SEMMESReBadt 0.5 nm and about 20 nmm or between
about 1 mm and about 6 nmin disclosed enmbodi nents. There is also |atitude

i n choosy - I - ho { be made
coni cal - TTBp R Rh ERS 8 Gk LR ora R B R o B O B TG
smal |  hqres:s&bg rags@ds100is itirhé o ecithegage biild & hah ted iatepivosaswtng regi on

570 may be between about 100 and about 5000 or between about 500 and about

2000 i n WrdTrBEsHbstRiRRIArsrEnEceiahe’ Y Amiasar 1BpulsHategHasassipg ronsyH) iay be

bet ween t [ t '

shoner hage ey L BT ACA Rk Bl Hctiorid 53 A B S bRl of e e
enbddi mehtsibeiShovlenieg gabmdy do inteslporidstosubbtrdté prosbswerhgiad 530 ebmleitie Fl G
5A. ThrOLfgh- hol es 556 are depicted with a larger inner-dianeter (ID) on the
bot t om JHEEKONEFHEHd 553 and a snaller ID at the top. Small hol es 555 are
distributed substantially evenly over the surface of the showerhead, even
amongst Theepedestd gy ok edieachdnige lshigicpthreughprlovh dbcatorehapge Auid fkawgtot han

ot her enbodi nts descri hed herei.n. 30 An.exenpl filmis created on a
Suber r arBrab R IRl T B EE, TER <Rugii fiots by SbPuf LEBERUEE, o
regi on 5¢@c\bsiod bt BReut@l t8frhdikteimt i31adikEly oW GerbfurQUER (fbh@Ighhfakesb&fk6 in
shower head 553 conmbine with a silicon-containing precursor arriving through

t he 28mal 120Ho)- eEhegimst ovchgasaluia gay comprst ¢ibylcvoplyrelengswaterTHda gt fgubst r at e
pr oces S gnt eBLAN, GTR: FRBE o0 BRAHAIAA BT 01408343 BucAAREY t o
a pla s such as curi’ng, no pla present

support ma for other process sma 1S
during tdi tgrevktivedyf hddiel i@edglt@aghiével rolatitelp hagnempesitudes (figni dtedt €26°kder in

chanber pl as regi on 520, above showerhead 553 or substrate processing
regi on é%ug rlmvtgﬁ%& NeiRg aaﬁgl.beggea %%aiﬁ-?cr@ 6&&@&@?&1 hgatpr € ?O@fgar%@s ma
regi on 520,50 +Rb eV RLnd HGhd RUSH paflil] QACELRE BEUES OKn bLR hEiw of a
ni trogenanda%hydr ogen- colnt a% niclillgllg Sgs. An AC vol t age t@p?cgkﬁl‘o?n the radio
f r eQuendealcREemeangey s @lpgekented alpetiveen of He soppattiphitere whdp aparter portib21 of
t he processing ch r and showerhead 553 to ignite a plas i h chamber
bl ‘ashe. 85 e F0TRIA e Cmoartr B s sl ondis s Baorrahdretela b oh re
f requencyerdnt pRssebiiMdiznhHE stBRYorahSRdggrer ate other frequencies al one
The substrate processing system is controlled by a system controller. In an exemplary
embodiment, the system controller includes a hard disk drive, a floppy disk drive and a
30  processor. The processor contains a single-board computer (SBC), analog and digital
input/output boards, interface boards and stepper motor controller boards. Various parts of

CVD system conform to the Versa Modular European (VME) standard which defines board,
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10 or in conbination with the 13.56 Mz frequency. The top plasma nmay be
|l eft at | ow or no power when the bottom plasma in the substrate processing
regi on 5Woi2e1fwered on to either cure a filmor clean PhE/USAMIG0O24378
surfaces bordering substrate processing region 570. A [)I asma in substrate

processiaatyl ¢aggi and OROCAtey dl@ﬂﬂ&l@w agy tepesl ey MR siaadard [atsaglefibes the bps

showerhe;?dct%53 &Vl&élemoggg Sanda%uoqr]a’ldgfessttr)]e 15chanber. A cleaning gas
may be it T odute supstrate processing fegion 570 while the plasnma is

present. The pedestal may have a heat exchange _channe|l through which a heat

exchangeThfe|suﬁtaquoa{xsﬂ%r&oe@%@Blofﬁh?eacflé%épéfthﬁﬁe%mcmesJB@ﬁYS&% Thi s
conf i gurc%h{rf}lneraekkfh‘ﬁ@s g's}%m AR s%tfﬁwafree (l)é 6%1% Ougﬁc%?@%%r%lf eated to

maintain relativ Wtenperatures 0C). The
heat Sex odoamgeerq‘réa.dabllennqdlmnrrﬁmfsrabl@rt ﬂlylrmnhmg lisyc bdrd aindt debveebut tHihacdiafer

support pl atteé 0{1} e est al %Ef er abI al um. n cer agi C, Oor a
corbi natTEhlEhRs eBeyk aFP%OIB(e SPRPHFE EPgFPé%ﬂIé’g“ H STF QSRR thel e
rel ati Vedlé%aﬁé'tﬁlé‘nﬂlﬁ{ﬁpﬁﬁﬂhfér cﬁ%aﬁéfsr MPP&s&%@QhBﬁB&%@B é’xﬁﬁﬁ'& Rj’f“l&Q@r using an

embedded singl e-100p enbedded heater el ement’ configured to nmake two full
turns irdevde sﬁswmoopoqmmraIanfébthcbpﬂram@mrscpf@lpactlt@éar pmewt@ﬂlelp@mpw of the

25heat er el enen qﬁl tﬂn ad ace t.to.a geter Lﬁ’ ?1 E ? atter
whi | e arP PHARY %6? Ro)y ?ﬁfﬁ% 8 eﬁécefaﬁ‘cc ‘fg’ CTCORTEI P OPRY P 81“?. ng a
smaljlper dh@ﬂieid&p_lpra_ﬁl@até’\ﬁﬁté‘%awlm e@tEhsteh® MRNysieas®agolléf ough the stem of
t he pedestal he substrate processing systemis controlled by a system

cont rol '/gﬁar b8 3hq ?fg@' ;%rﬁfll S{g? Bty d&t@‘c?%%é?oc&@f‘&%&{ §Eha{nﬁ‘oce'r'69§5 a

hard di rrve, rlve an rocesso rocessor

cont ai nsbean@ldmgdneedhmargoh cnpistgrogrsB@rodwnelao i cxachited by tlﬁlsystsm%h@um@ut

boar ds, |nterface boards and stepper notor controller boards. Various parts
of CVD s C@mp@&sﬂomglﬁlm@%%mk@r%ﬁ%a@marcompaﬁléaéﬁomm regflalelar d whi ch

di mene T R R A R A i AR A€, S B P ERINE o

havilag atids.bBuitadbét @roprast anld imerRdrethiinito addregsSlebarsmultiple files, using a
conventional text editor, and stored or embodied in a computer usable medium, such as a
memory system of the computer. If the entered code text is in a high level language, the code
is compiled, and the resultant compiler code is then linked with an object code of
precompiled Microsoft Windows® library routines. To execute the linked, compiled object

20 code the system user invokes the object code, causing the computer system to load the code

in memory. The CPU then reads and executes the code to perform the tasks identified in the

program.

The interface between a user and the controller is via a flat-panel touch-sensitive monitor. In
the preferred embodiment two monitors are used, one mounted in the clean room wall for the

25  operators and the other behind the wall for the service technicians. The two monitors may
simultaneously display the same information, in which case only one accepts input at a time.
To select a particular screen or function, the operator touches a designated area of the touch-
sensitive monitor. The touched area changes its highlighted color, or a new menu or screen is
displayed, confirming communication between the operator and the touch-sensitive monitor.

30  Other devices, such as a keyboard, mouse, or other pointing or communication device, may
be used instead of or in addition to the touch-sensitive monitor to allow the user to

communicate with the system controller.
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The system controller controls all of the activities of the CVD nmachi ne.
The system control |l er executes systemcontrol software, which is a conputer
program swonred/iom4a8 5 conput er -readabl e nedi um Pr ef er alplCy/ustdig/opsdd um i s a
hard di sk drive, but the nmedium may al so be other kinds of nmenory. The
conput erThsrebgmbes plasnagemngsagegpn imat RES mayrhs refeaed & ot acmothplagingi ng,

m xture Qf. gase C r..pre e t.ur.e vel s,
suscept o SR Tt RSN P RLARAL b oL PR G0l SSREIAIN I relipiDRNGha B,
conput eranAnAgEls Mo SicuBstra peic B8 ingvegivh yvhdeythe esrbondgtcy dilizgn-costainganpl e, a
fl oppy disk or other l1l0another appropriate drive, may al so be used to

i nst r uctPTEWESos ys@sHeEd by thedpiigal nitiogengeecissor ofn ¢rabriimentsthe carbpinfigt ack on a
substratg: 1 f cl i i i a
compot o sFBsRBRARE R £ o RN I TREE R pLIRLEET PR PVED,
conput ermgpyr egeminlg bdapglanl dny tortht temote plaamy repow,émtimbodiimcatpuinsurertkadabl e
programj ng | apguage: for exanple, 68000 assenbly |anguage, C, . C++, Pascal,
For t r an (BF rliss| RIGORSH ei5PYise REOWHEYhe RFIGERIANS CEiapR ip ﬁ%ﬁgﬁfbaﬂé’ieﬁé}l’éoﬁ e,

or mul tigh@idihé fRculsi Ng a conventional text editor, and stored or enbodied
in a conputer usable nmedium such as a nenory system of the conputer. |f

th tered code text is | hi gh | evel th i i | ed,
and ¢ he PEuPRER POSsIEar el ae i deRiien PRREURD M S5 fEabe LRy
pr eqonpidrekk WiconosRt Aitr¥ademsdinihglayRE as Well @Utdest thd OtHRX Bt Rirgheepsi nked,

conpi | ed object 20 code the systemuser invokes the object code, causing

t he conpiflasmasiyest’ dass rptingergsare meaw ghi mgien rpdsyoidielopy. tiagidcd eediss and
execut es m t ident i f.i i ; The
Preert sce RS SRR A0S RPARE LRI AT Yo LB

t ouch- senafidni-fve: diigdint@htaining pRreuoekabt absantidti aeited bywhepbasiniaqiosvear € used,
one nounted in the clean roomwall for the 25qgperators and the other behind
t he wal 12PpBed forfhe plepmap egiemb chif RardsHs of thedlasws iprblie hamdenplysms raglansieousl y

d! SH'Say Hap(?'ioscf’e@cl‘ﬁe iaﬁ'(fl ﬁ{a?%h%tggehﬁ n"iﬂé &ﬁm@% r&%ks)fn%)%gid’ﬁqm%ﬂ ﬁtﬂena%gftw%g a
time. To select a partrcular screen or function, operator touches a
desi gnatietheashesvedicad.hn tho uade-of @nsnduictreclyreougtlod pladine, 4 sonedhedowt e changes

its highlighted co]or, or a new nenu or screen is. displ , .confirmng
conmunt CRPRHOBELBEFTHE! SR OR ORI PR SCRE SR IUPEEY o HERTRE. & 30
Qther  dayi,GRRnsiSUARNESMAy KEVRARE Gh (HIRUB ratOhrofdBRE r8QbM itASutUliminating
conmmuni cati on dévice, nay be used instead of or in addition to the

t ouch- sehsflowelde maire o the foratingidin.halliggeses for apammbavangmush lovichénteysgyem

contyol | er. 2011/ 109148PCT/ US2011/ 024378 . The ,.chanber pl asma reqgion or a
g B ithinghe AR v PR Mt Gresa R S bR R ea Ry S o

enbodi MR fite &8 thasiopabf MPlihRORB"RIs@GEH B@kinl S created in the renpte plasma
region and travels into the substrate processing regi on where the

car bon- fAseEﬁea ih'erinegﬁ)gh'uﬁﬁp{t@'i rﬂ%;ﬁ@e P Eﬁ%ﬂﬂ%ﬁﬁs&a?e S oF GenEY: 1A2s FRALE Hlerddnt M 0GEN
precursor. n ennodil nents, e carpon-t1ree
The support substrate may be an insulator or a semiconductor of a variety of doping
concentrations and profiles and may, for example, be a semiconductor substrate of the type
25  used in the manufacture of integrated circuits. A layer of "silicon oxide" is used as a
shorthand for and interchangeably with a silicon-and-oxygen-containing material. As such,
silicon oxide may include concentrations of other elemental constituents such as nitrogen,
hydrogen, carbon and the like. In some embodiments, silicon oxide consists essentially of
silicon and oxygen. The term “precursor” is used to refer to any process gas which takes part
30  inareaction to either remove material from or deposit material onto a surface. A gas in an
"excited state" describes a gas wherein at least some of the gas molecules are in vibrationally-

excited, dissociated and/or ionized states. A gas may be a combination of two or more gases.

The terms "trench" or "gap" are used throughout with no implication that the etched geometry
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5 silicon-containing precursor is excited only by the radical nitrogen
precursor. Plasma power may essentially be applied only to the renote
pl asma r eyoaniviom4enbodi ments, to ensure that the radi cRCTAISRO10HL378
precursor provides the predontnant excitation to the carbon-free

si li con- f@entlet’gﬁhwgzq@teé@mesbtatloTﬁ’ee\sftdofs@mabevq)the@er@entjemégs onl gapy mse
glelslcgloﬁeig%er CIT] H'lar ovalpgglyélnafl I‘GC%P,I%}H&I‘ orga éaq‘e ﬁop%er Silig%ef%f t theot her

rogen ¢ ni’ng sone
processi ng steps.. "Plasma-free" does not necessar|“£ mean the region is

devoi d cﬁaV[blll%%%ﬁﬂquoﬁﬁ’l"%éHe@?@émé%tSclt walf Beiragpgzes oneosn efsk! indbe o thehy
travel i a f

Si 11 con Bt B B R R e R PSP BERR VPR ) s
powen apnbmedgm@ntﬁespkmsﬁﬁmnegmnnn Ihéuhnﬂ@em&unmethéwﬁt&amnnpnxmhws

chanber p ma region are to define oach on the
subst r atdd Te&%&?% npERECH et%‘%&&&hoﬁdﬁ%toa?ﬁetdta‘ﬂ}né%“g%’%ﬂ SUHB ¥ 1 n the
case of ;aRntBAYAtNAINGE WL RERBiFRon ShodlBhdt HRAMA S %m@uhéetd&rbfmy be
effected within the substrate processing region directly t hernore
| ow i nt ghsinvgniinasma may be created in the substrate processing region
without elimnating the flowable nature of the formng film Al causes for

a pl asmewhayiangngsal RYE protitden st s Yind&sfobd hat BEhGhRARAMgRIaARTT the eine
during the creation of the radical nltro% n precursor do not deviate from

t he 1§copd tlof unipofgBertovar diamit wyessdbricansexs iclearlndictpsesdothamasen betygpis theapaer may
be a suppaqr ort
oUbot ra ta@ﬁ rlr%wér‘gte}ﬁﬁg @fttﬁat"tﬂﬁrgt 9t 1st4‘sg&?ﬁ'éa.u§ [o%?% ?ﬁ%&t%gta\?lg{ I%Eétge bet P,% dﬁ &%ﬁg
concent rsadtemueamdnmwnnﬂge\mlmd angated fadpe azcazm;t @&herbyeated @aﬁlemdingathe in
substrate of the type 25used jn_the manufacture, of |ntegrated circuits. A

| ayer oft atetattdc@ﬁg%s@.eae@mpesws ekheapgr @Kldpralits of thassrmaticer@ReHHanbl y
with a i i may
el ue A EATeAY e AGRY & R BUD] A0 TRIEE Al ce e B oS ae Rt B
hydﬂdgedmﬂchmhsamandudmbmhh&enMRmramﬁewemhoﬂmampmsedsmhmohmnnmeﬂlconslsts

essentlalgé of silico q,é%fl ter recyr sor sed to]t fer to
any pr oCH8ECHRSMEAPTEH I, P£§§C “@6 Catat gonieredht Fttéte rEROVEC Heer i al
from or (eRe®bih JTREERMAS, Al cRelfdihk %Rﬁ»‘er o@‘bgﬁtsoﬂtﬁbs%”nclﬁd%‘él' 16k &t alss”
describes a gas wherein at east sonme of the gas nolecules are in

vi br at i onelbdlgdexci t ed, di ssoci ated and/ or |on|zed states. A gas nmay be a
conbi nati on of two or nore gases. The terns "trench" or "gap" are used

t hr ough oA ussti hbreitPar diBlthe @ipediied Nainst he sBipahe brgRoIET Ly, MK "the" include

2011/ 109148PCT/ US2011/ 024378 has a | arge hori zont al aspect rati o. Vi ewed

f r ord0abdiherat reéerenfp palees the ceexfedcasly dliciaipsothanvisp pBans. for example, refpyeqice to

pol ygonal " r, " ed
Coveral SREnar IRAL AT pighy ¢RbERbco BhiAERPBRES s Bk ilof TRAHARET,

t hat varrefeuscoadode ctrahcbrerpﬁecuadot enidtatuw&em@'rhstebﬂkﬁomm thagechkébpdiin dleeatt, s may
be used without 5 departing fromthe spirit of the invention. Additionally,
a nunmber2gmORRI- - known processes and el ements have not been described in
order to avoid unnecessarily obscuring the present invention. Accordingly,

t he abow&lsdgbewoplsi"oomphen,il 'Gomptising,"t"alchmied's’ iﬁdlu{ding,hgnd Tieclede:sbevlmﬁ usdie

i nventian VMer ran ues i.s. provided under st ood t each
|t by ey otetisetbR s e KHenT B SR it 1 M ST PR CAMES St he
cont ext fetteeglmegaetatneﬁoneﬁt@%m%e bt@ﬁ{e‘ﬁy‘%f%rhott Bf'ectua@ete Hagntovesdditidn drs  of
that range is alSo specifically discloséd. Each smaller range between any
st at ed ke mere pihice @mSngltmmeOmnO@nm depd actarmgegraupd. any ot her stated or
intervening value in that stated range is enconpassed. The upper and | ower
limts of these smaller ranges nmay i ndependently be included or excluded in
t he range, and each range where either, neither or 15both Iimts are
included in the smaller ranges is al so enconpassed within the invention,
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subject to any specifically excluded limt in the stated range. Were the
stated range includes one or both of the limts, ranges excluding either or
bot h of two=eilrelssded |imts are also included. As use@Charsedm/o3ds i n the
appended clains, the singular forns "a", "an", and "the" include 20 plural
r ef er entWHl BS:QLAHMEDw}Sf ext clearly dictates otherw se. Thus, for exanple,
reference to "a process” includes a plurality of such processes and
reference to "the precu i C .ecur sor
and equi val ents thler eofA I%A%iﬁbwﬁgacgﬁﬁﬁac@#ﬁgtﬁaqn%g gta%%ﬁgort h.
AI so, theymndq)afteme@smls&ate i aGniwtiagd mgccssing Mediod, d' subktnat pdjclsg;m'g and

"i ncl udes' @g/ﬂ useg (%5 in this specification and in the follow ng clains
are |nt °h, GICIPEEPE GOPIES I esence of stated features, integers,
compgnent s, - Gl PSmbiitrol HfYorlhdftroRbRE AR gfﬁe&&ﬁmed Qficgddi tion of
one or nore other features, Integers, orrponent steps, acts, or groups.
WO 2011/1ﬁ®c§3geﬂ181?€6mi032s@116t¢1®2u66’£bw&€e $1Bc®_md\7ﬁlﬁog81 cotﬂtalmngqtrbcmdsomﬁs form ng

a conformal sili -and-ni trogen-c on a patterned substrate
o suntioraenBome el e agt SR RC LA st BiseiteSelly chanber - the
net hod conpr '(&b@ﬁtlng';é‘b@fﬂfﬂﬂnaﬁ sARbRAAd ity chicbh@fin@RYeHal (RAeMEQ R Ni Ng
precursor with a radical- nitrogen precursor, wherein the carbon-free

si | i con-laymithicknesgemtheantteinad sepspiriecur sor is predoninantly excited by
contact with the radical-nitrogen precursor; and dep05| ting a

confpral 114 son-2nd. L RIRR SPOLA YR A EY B I g

conf or maubstepesiotéssingptg6s dinend dﬂeﬁohﬁoﬁub&iero@hﬁ)rmﬁbﬁﬁé‘cﬁlkﬂgl -figgg@n during
deposition of the conformal silicon-and-nitrogencontaining filmis bel ow or
about 20QNtIRg film 1s below or about 280 mfiog et hod of claim 1 wherein a confor nal
deposition tenperature of the substrate during deposition of the conformal

si l'i con-and- ni trogen- coffahfth@of dhiM | ShiriPLLOWoRhal ARASY iR perature of

the substrate during deposition of the conformal silicon-and-nitrogen-containing film is

15  below or about 200°C.

4. The method of claim 1 wherein the conformal layer thickness is below

or about 20 nm.

5. The method of claim 1 further comprising converting the silicon-and-
nitrogen containing layer to a silicon-and-oxygen-containing layer by exposing the silicon-

20  and-nitrogen-containing layer to ozone.

6. The method of claim 1, wherein the carbon-free silicon-and-nitrogen

containing precursor comprises a silyl-amine.
7. The method of claim 6 wherein the silyl-amine comprises N(SiHj3)s.

8. The method of claim 1 wherein the radical-nitrogen precursor is
25  generated from a nitrogen-and-hydrogen containing gas using a plasma before being mixed

with the carbon-free silicon-and-nitrogen containing precursor.

9. The method of claim 8 wherein the nitrogen-and-hydrogen containing

gas comprises a gas selected from the group consisting of ammonia, N, and Ho.
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4. The nmethod of claim 1l wherein the conformal |ayer thickness is bel ow or
about 20 nm 5. The nethod of claim 1 further conprising
converti nyotzhe/®pi48con- andni t rogen contai ning | ayer to &CT/US2011/024378

si |l i con-and- oxygen-contai ning | ayer by exposing the
siIicon-20and-nitrogen-containing@layer to_ozone. 6. The net hod

of claim1, whereild-t heTheangsbed of deink whetsin Bisgoniormalgalirasomdanitiogry
precurSq%ﬁéﬂgﬁé%@ggﬁﬁﬂ%k%%%%Qﬁb&%mﬁéngEf§$ﬂ‘ 7. The method of claim®6

wher ei n rises 8. The met hod of
claim1 wherein the radical-nitrogen precursor is 25 generated froma

ni tr ogen- and- hydr dden chrtma¢thodgf daim Usihagiathelcasfoembledilbcon-dndimgoganxed wi t h
t he carbon-free silicon-and-nitrqgen containin recur sor.. . 9.
The. et HOBTE 4 Phis SOMRaR I N AT R B APAHY S Ry Boh Lo AT g2
CO”DB'SQ%nénﬁﬁigi&H%%h%ﬁ %&P&hﬁﬁﬁm@%ﬁﬂ&mﬁ&%S'St'”9 of ammnia, N2 and H2.
WO 2011/109148 /USZOll?’ 24378 10. The nethod of claim1
wherein the conformal silicon-and-nitrogen containing |ayer conprises a
carbon-free Si-N H2 ayefhe method of claim 11 whergin thp exygenkesatadfing paasphcraher ei n

the conforiml . Shid GORcANdLNiLEAgERGARL Bl NG, LavsTodcs canyerted 4 o fhe

si licon CXPE&N Y ern%§ §%b8§?ﬁg &St PCOR- nd-n@trog B EoN Al %%I?ayer
to an oxygen-contai ni ng at nosphere. 12. The method of claim 11
wher ei n t he oxygeni3contAinitthug Efomsippearsdiconephiaies lane with raduedgad@se
selected fromthe group consisting of oxygen, ozone, and steam

13. A mebHBkrEsT the SRQfycomyIsi& on- cont ai ni ng | ayer with reduced vol ume

shrijpkage, t 3 L SLNG: A asferring a substrate containing a
1pkag hﬁangﬁ% GRS %blﬂg]lmig% L g g

gap; deposi a conforma n- and- ni trogen-contai ning | ayer on
t he subst r at elepohiengia portfhend silfconmad-ngrdges-annamdamiay erogethe sdistraieni ng | ayer

has a conformality; and .. epositing a.flowabl e )
o o on iR (ool sisom b R RGet cO T uRing RV S Dat & Fopprmality: and

si | i con-and- njehbQEKNa E8RLBI RIIREn A BitroddhRbBlahitd By S dvieE MR-BRIAAINI Ng | ayer
conpri ses both 15the confornmal silicon-and-nitrogen-containing |ayer and
t he fl owdidog-asdiiitegenenottaming tiyen whetam Hicrsilingnicayteming layer comprises bath, The

met hQd claim13.further.conprisin eating.the silicon-containing |ayer
o a8 onyg EnTedd S hanEr e ab Pt A A Rt SRR B e ner oi
the silieanififgiagbni ng | ayer retains a volume of about 85%or nore of the
carbon-free silicon-
14.  The method of claim 13 further comprising heating the silicon-
containing layer in an oxygen-containing atmosphere to increase the oxygen content, wherein

the silicon-containing layer retains a volume of about 85% or more of the carbon-free silicon-

20  and-nitrogen containing layer deposited in the gap.

15.  The method of claim 13 wherein the conformality of the conformal

silicon-and-nitrogen-containing layer is greater than or about 80%.

16.  The method of claim 13 wherein the conformal silicon-and-nitrogen
containing layer is deposited on the substrate by the reaction of a silicon-and-nitrogen-
25  containing precursor with a radical-nitrogen precursor, wherein the radical-nitrogen precursor

provides the dominant excitation to the silicon-and-nitrogen precursor.

17.  The method of claim 16 wherein the silicon-and-nitrogen-containing
precursor comprises N(SiH3); and the radical-nitrogen precursor is formed from plasma-

activated NHs.
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20and- ni trogen contai ning | ayer deposited in the gap. 15. The
met hod of claim 13 wherein the conformality of the confornal

si |l i con- an@-2nittey8n- contai ning | ayer is greater than oPCahs2e1180858

16. The method of claim 13 wherein the conformal silicon-and-nitrogen
containing layer is deposited on the substrate by the reaction of a

si | i con-and- ni trogén- 2Bednethehphejaint EEwhesin (e ORYSenreitaiBing AIMQspbhRIA
precursa i i gal - Rty ogen precursor provides the dom nant
excitat iggﬁlp\té%g%ﬁel&ssf?%c%fﬁ?zé%’-oﬁﬁ%gen precur sor. 17. The

met hod of claim 16 wherein the silicon-and-nitrogen-containing precursor
conpri ses N(Si H3) 39%nd THeenethod cfdlaini i3 agemrimpthe silicsmcontsiningy laya ifi tlergap

pl asma- acti vat ed] NH3., WO 2011/ 109148PCT/ US2011/ 024378 18. The
met hod df SEIs& A% VAAEES n t he oxygen- contai ni ng at nosphere conpri ses at

| east one of 02, 03, or_H20. ) 19, The_nethod of claim 13 wherein
the Silicon-cont aid¥% ng Theyaethpdof glainy by wherely the sBisen-angd-pitiagey CoHaiBings 20, The
met hod | .ai m. ey el e silicon-and-nitrogen containing |ayer

conpri Sgéyeg c%{nﬂk%«% alvgf}{é?{ By&h 21. The nmethod of claim 13 wherein

t he conformal silicon-and-nitrogencontaining |ayer conprises a Si-NH

| ayer. 2122. Theanetbodoficlain &3 ahenciiBthekenformaltsiieostndinitadgengap has

a w dth c%];lta?nqgéj fayg'lp 050(1)’npr}1r?e§) A S}-ﬁfl—sl'layer.

22. The method of claim 13 wherein the substrate gap has a width of about

10 50 nm or less.

19



