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

20 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 applied in a liquid phase to
a spinning substrate surface (e.g., SOG deposition techniques). These flowable precursors
can flow into and fill very small substrate gaps without forming voids or weak seams.

25  However, once these highly flowable materials are deposited, they have to be hardened into a

solid dielectric material,

In many instances, the hardening process includes a heat treatment to remove carbon and
hydroxyl groups from the deposited material to leave behind a solid dielectric such as silicon

oxide. Unfortunately, the departing carbon and hydroxyl species often leave behind pores in
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gapfill layer may be increased by the presence of the liner layer. The gapfill layer may

20 contain silicon, oxygen and nitrogen and be converted at elevated temperature to contain
more oxygen and less nitrogen. The presence of the gapfill liner provides a source of oxygen
underneath the gapfill layer to augment the gas phase oxygen introduced during the

conversion.

Embodiments of the invention include methods of forming a silicon oxide layer on a

25  patterned substrate containing a trench. The methods include transferring the substrate into a
substrate processing chamber and then forming an oxygen-rich liner layer on the substrate
including in the trench. The methods further include forming a gapfill dielectric layer on the
substrate and in the trench. The gapfill dielectric layer has a lower oxygen content than the
oxygen-rich liner layer and the gapfill dielectric layer is flowable during formation. The

30  methods further include curing the gapfill dielectric layer at an elevated temperature to

transfer some of the oxygen from the oxygen-rich liner layer into the gapfill dielectric 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
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accor di Gt 0 igh fewcsedlestmaipreltied steps for making reduced-void silicon oxide gapfill
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FIG. 2 is a cross-sectional view of a multi-layer dielectric film according to disclosed

20  embodiments.

FIG. 3A is a cross-sectional view of silicon-oxide gapfill without an oxide-rich liner layer

according to disclosed embodiments.

FIG. 3B is a cross-sectional view of silicon-oxide gapfill with an oxide-rich liner layer

according to disclosed embodiments.
25  FIG. 4 shows a substrate processing system according to disclosed embodiments.
Fig. 5A shows a substrate processing chamber according to disclosed embodiments.

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

embodiments.
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Curing displaces these components with oxygen, some of which now diffuses from the oxide-

rich liner layer into the gapfill layer.

In order to better understand and appreciate the invention, reference is now made to FIGS. 1-
3 which are a flowchart showing selected steps for using oxide-rich liner layers and cross-

25  sectional views of structures which incorporate oxide-rich liner layers according to
embodiments of the invention. The method 100 includes transferring a patterned substrate
having a trench into a substrate processing region 102. In the example, a silicon oxide liner
layer is deposited on the patterned substrate 104. FIG. 2 shows an oxide-rich liner grown out
to dotted line 202 from substrate 200. FIG. 3B shows an oxide-rich liner grown to dotted line

30 302 on atrench in a patterned substrate 300. After the liner layer is deposited, a gapfill
dielectric layer is grown by CVD in steps 106-110. The gapfill dielectric layer is flowable
during formation in order to facilitate filling the trench more fully. The gapfill dielectric
layer 204, 304-2 is depicted in each of FIGS. 2 and 3B. The oxide-rich liner layer is more
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15gapfill dielectric layer to an oxygen-containing environnment. The
oxygen oé#ffent of the oxide-rich liner layer is greater than that of
the silicon-and-nitrogen-containing gapfill |ayer.

20  Radical-component CVD is used to form the oxide-rich liner and the gapfill layer, in
disclosed embodiments. The two operations are performed in the same substrate processing
region to reduce cost-of-ownership, increase throughput and maintain the integrity of the
interface. The silicon-containing precursor may contain carbon or nitrogen in order to ensure
flowability during gapfill dielectric layer formation. In disclosed embodiments, the silicon-

25  containing precursor is a carbon-free silicon-containing precursor which enables the gapfill
layer to undergo less shrinkage during the curing process. The carbon-free silicon precursor
may be, for example, a silicon-and-nitrogen precursor, a silicon-and-hydrogen precursor, or a
silicon-nitrogen-and-hydrogen containing precursor, among other classes of silicon
precursors. Specific examples of these precursors may include silyl-amines such as

30  H,N(SiH3), HN(SiH3),, and N(SiH3)s;, among other silyl-amines. These silyl-amines may be
mixed with additional gases that may act as carrier gases, reactive gases, or both. Examples
of the these additional gases may include H,, N, NH;, He, and Ar, among other gases.
Examples of carbon-free silicon precursors may also include silane (SiHy) either alone or

mixed with other silicon (e.g., N(SiH3)a3), hydrogen (e.g., Hy), and/or nitrogen (e.g., N2, NH;)
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regi,Qn . S _m . I t i . )
0580 RSB EONTEoB 0 ARR cbB .c) s
sem condigifivanipizesajer theRel : peg.g.| 511 @R vy, OEof Mbay, Fhasrgedd) 1 beherd, od or
to as a shower head. . . .
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 that range from about 90 nm to about 22 nm or less (e.g., about 90 nm, 65

nm, 45 nm, 32 nm, 22 nm, 16 nm, etc.). These restrictive geometries are not completely
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The radical -ni trogen precursor nmay also be acconpanied by a carrier
gas such ViQ 282833610 25 hel i um etc. Oxygen may be sinul t BABEEFEA1§/044219
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silicon precursor and the radical-nitrogen precursor are carbon-free,

t he depdegs dEOS, TMIIROa¢ie)ni t r ogen- cont aining filmis al so
substantially carbon-free. O 15course, "carbon-free" does not

neces sarfollywingathe tiymsitiohrof itleckBeopvaid-itrags @niinihg laytr, eley deposititiasiiamrate
contam nants nmay be present in the precursor materials, that find

their wajayi bﬂeépmé tﬂé’b%}’g%‘o"@ﬁnﬂ%ﬁ ﬁtr%m;ah@n% il dgdhe denpsition spiptmia may

The, amoUha n (AEEEAAIRLPE hL 65 AOUBHENAY SnfBlHlat BSfeSdAR, or the

woul d b oun In a silicon precursor “having a nol ety
TECS, ThMiS@ateaheay he trﬂﬁ@’l’dddwardyfftlhﬂt cdhambsn whem tlof oxtylgen-containing atmosphere

silicon-an itrogen containin t he depaqsition substrate may
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t h t t
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hydr oxyl species such as atom c oxygen (0), hydroxides (OH), etc.
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chanmber. 1ons of oxygen- contalnlng species may al so be present.
containing film into the silicon oxide ( 1025) film 112. As noted previously, the lack of
carbon in the silicon-and-nitrogen containing film results in significantly fewer pores formed
in the final silicon oxide film. The net shrinkage from deposition to anneal is reduced by

depositing a flowable silicon-and-nitrogen-containing film and converting to silicon oxide as
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st age

atmosphere provided during curation.

Embodiments may include multiple annealing stages after curation with different
temperatures and atmospheres, in disclosed embodiments. For example, a first heating stage
30  may be performed at a lower first temperature in an atmosphere that includes steam {H,O),
while a second heating stage may be performed at a higher second temperature in a dry
oxygen-containing atmosphere which substantially lacks water vapor. The second heating
stage may also be conducted in a non-oxygen containing atmosphere (e.g., dry N», He, Ar,

etc.).
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gr eat er rhtagiidexceeds the gapfill atomic-oxygen-to-nitrogen flow rate ratio such that the oxygen

content of the oxide-rich liner exceeds that of the gapfill dielectric layer. In another
30  embodiment, the liner atomic-oxygen-to-nitrogen flow rate ratio exceeds the gapfill atomic-

oxygen-to-nitrogen flow rate ratio by a multiplicative factor greater than 5.

During growth of flowable films, the pressure in either the chamber plasma region or the
substrate processing region may be below or about 100 Torr, below or about 50 Torr, below

or about 20 Torr, below or about 10 Torr or below or about 5 Torr. The pressures in either or
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shows one such system 400 of deposi tion, 20 baki ng and curing

chanber shacbonti§ indlifferset cowdiaeriddi ments. In the figure, a pair of
FOUPs (front opening unified pods) 402 supply substrate substrates
(e.g., 300 mmdianeter wafers) that are received by robotic arns 404
and pl ad@@niplay Substrsito Peccessine Bodteinng area 406 before bei ng pl aced
into one of the wafer processing chanbers 408a-f. A second robotic

arm 410 r .
hol di ng Eﬁ%"é@ ﬂé@ tS gthieﬁlg proc egst}eﬁ{&r}g&f Hﬁ%&%@Bﬁt%g@_lﬁr gg{]%mggfgﬁm Sﬁtgm
process |fmgpmtimmgrm;eg#ﬁ18éeﬂrcurmhlpm(ﬂl(idé shaoves aire swoh eysi;qm #edroLdepositient s
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wafers) that are received by robotic arms 404 and placed into a low pressure holding area 406

before being placed into one of the wafer processing chambers 408a-f. A second robotic arm
410 may be used to transport the substrate wafers from the holding area 406 to the processing
25  chambers 408a-f and back.

The processing chambers 408a-f may include one or more system components for depositing,
annealing, curing and/or etching a flowable dielectric film on the substrate wafer. In one
configuration, two pairs of the processing chamber (e.g., 408c-d and 408e-f) may be used to
deposit the flowable dielectric material on the substrate, and the third pair of processing

30  chambers (e.g., 408a-b) may be used to anneal the deposited dielectic. In another
configuration, the same two pairs of processing chambers (e.g., 408c-d and 408e-f} may be
configured to both deposit and anneal a flowable dielectric film on the substrate, while the

third pair of chambers (e.g., 408a-b) may be used for UV or E-beam curing of the deposited
10
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gas in diwtleasecbrandheskidrsns B)épa-EEt@ thé HP§ 600 CURE A ENAntIOTO2nAkY bdiged 38
and a perforated partition 553 are 20 shown with an insulating rin
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bt ough PGt LIRS SRRl toBbonuty o2 ndh BESGRHR LA S Bye.

ex cr:rEped sh@fwﬁw@ﬂhﬁmgﬁssdlagifghmm' 1 imrlr)bm nJ eigich ?ll&ﬁﬁ)ar.:ghcr;ﬁalt@nial 1o be applied to
t t .

236" s Rk 1645 Bt oee oo s byt ) Hone

herein. 5188t chamber plasma region 520 and may be excited by a plasma in chamber plasma

e

region 520 alone or in combination with RPS 510. The combination of chamber plasma
region 520 and/or RPS 510 may be referred to as a remote plasma system herein. The

25  perforated partition (also referred to as a showerhead) 553 separates chamber plasma region
520 from a substrate processing region 570 beneath showerhead 553. Showerhead 553
allows a plasma present in chamber plasma region 520 to avoid directly exciting gases in
substrate processing region 570, while still allowing excited species to travel from chamber

plasma region 520 into substrate processing region 570.

30  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
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
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separ at esVRRBRII6IH] asma regi on 520 froma substrate prB€ §?‘Hy°44219

regi on 570 beneat h shower head, 553. Sh

br asent SHOBTARBLITGPEETHEON A0 GRS PBaTER CrteT s ooin § bats PRRE Bsses
i n substEgbe 5P BGERS UREctlyStHoUhambEs piddthd Rgiini 920, BhbAWHBEY §3Fis iGEker than
species to travel from chanber plasma region 520 into substrate

process |t]mfgleng@|0t5 thessnrlleg0ligherwel Heafdh & BBough-Ipdes 1560n ¢ds Bischesh

SR shudARed ;SR8 il R B DU SRR S E PR v ftaging

gases) Grodatenbir hlisia¢EaobS20 fl sabstbatd p@lc@gsm@%@glbﬂ SPasBe lABMURE o the
plurality of through holes 556 that traverse the thi ckness of the

pl at e. Tsmllsﬁquﬁ@‘aﬁéO%@ethgheb@l%m@y&e resFietc by [forming laggas sliamerer

whi ch c b C [ f r S
(such adox e irohdith SulherOibe ol b ostiited st e Rhep
precur S@fn)allasn disp@se J50rofghthfomhihohelsee n@‘fbel tﬁé @mmwatrﬁagmﬁmdesssﬂheg
region 570 but _not directly into chanber asma region 520.

Shower héwllswwinset%rmfélv@eﬁhrq%hﬂmqﬁé%@ﬁ&tswrbqllsctlﬂ%d§ﬁﬁi|0d@sqm%| amet er
550 of the through-holes 556 in this disclosed enbodi ment. |In order

t o i ntlakhe anisidgnerdtishawh, showeshesd 553 oy distrébues (vedthsqehiledes 556) process

penetrating 5 from chanber ion 520 t ubstra pr ogessi ng
regi on BFS WiHeh ?%@Pﬁxs% Exﬁ S negeene f%@s SoDeRisR S

t hr ough r er

o oho s RCESPIR BR SRty RO ALOR] Sl AR

of the §hm1nbe@s gds mtretieccd 55610 thﬂ RPH&16 hndlogthambleeplasBs ragmon 520 thtoeigh dmss

d f d th |lest.d f ot |
or T ese chimt S 1 B SSubis s Remec SOORRE 15D dopb AP nenrO RGN R o,
s howsr headudirg NIRY, SQaﬁet "dlsﬂh‘ﬂiee TOW ahdtihs QUaRe haloast ?@én BIIEAEH FRRAGRS

whi ch cont ai n” oxy rogen and/or nitrogen and/or plasma

ef f | uenttkropgh BOE rﬁ@mwéwe@as@s highghiriagdhe dapiosition pf thepsixidentch liner layer

L e e T T A R
channel 11501*2dd@6’arﬁ@d‘§a@lsﬂcmmeﬁﬁmﬂﬁfgen qu@g@xaqu (eﬂﬂ)l:heqaaﬁﬂ ch@del 5N2fhay

NO, NO2, NH3 NxHy 15i ncludi ng N2H4, silane, disilane, TSA and DSA.
The r at idostelissapgancess sas qndéfg@r?ameé\g%gnfi/ﬁr 8 fidm-qrrng Bapusedyo Franove an

rel agi v

nd 20 ed (oag s RoRHbh A8 SORENE BRRGS PR ol M. Al HLAS ey e

The pr odesiged@nerayl derisatives of tedepracesagas ami rgaysalmjlmdﬁreémddeb humn aragon,

nitrogenﬁg_aﬁ etc. The second ccp qnel 513 nmay al so deliver a process

gas and/f “OXYEF RECYHEY, anﬁﬁaﬁa% 16p riltF?ﬂeBlBr‘?‘%‘l‘&(’éé%fe‘E@géofk@ a1“@'1‘%‘{;ve an

20 unwa ng or as-deposited film Plasm
nbedi tﬁé?l'ﬁ)@f”[ﬁ@grc;cééygag hRrodh oM.

effluents may I nclude ionized or neutral derivatives of the process

d | f d
Ol or IR BBiERenRy ey Eer eI 3B il bt s G a8 oo,
conggi t %@&fghq{oiém 6RAERSS aGﬁhﬁetnyfTsH&Bé@ ®dt ark %@mw RAE SourldN eThe

number of through-hol es 556 ma between about 60 and about 2000.

25 Thr osghllps dissnas e SHwf thraveh loﬂa556em9/y b¢ b@twage@bcbluﬂ Sare an@@houéa@mny
made roun The Ilest er 55 f thr h 556 .be, .
ot woen SR el s8R 1 iR o AR lsibsel ShRodhalR. FReibabBletfiedn,
in di SC'Cﬁﬁ@ﬂn@ﬁﬁEQﬁBsﬁr@éﬁtﬁmaﬂdﬂ@ﬂi@oﬂ tﬁro@hﬁ-fhole@tWhluﬂﬂldyrbeqmsdoﬂﬁal, b@lindrical
cross-sectional shape of through-holes, which éﬁée made coni cal ,

ﬁy: i ndr io alcombingtien abihedwp shanss. Thenembersh small hotes 855 usasete infrodusap as
570 Sy 100 B Chro SR Y5 e B bO B8 AR BB ARAE SR sk

about 2Q66uti 300dnd hesmeartoe ifbdificreant@bodiiendi die ideameaddr dfties el holtwos 58S

555 may be between about 0.1 nmmand about 2 nmm FIG 5B is a bottom
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

to disclosed embodiments. Showerhead 553 corresponds with the showerhead shown in FIG.

12



12 WD 2012/ 015610PCT/ 1152011/ 044219 5A. Thr ough-hol es 556 are
depi ct ed WP2H2PI56AP ger i nner-di ameter (1 D) on the bott oREHUS2011/044219

h head 553 |1 i ..th . Small h 555
oot b R Bolfs 3P e Gouinieg s pdee vinsr s SIS e OF BREYREE
even ampggthbAessNuAUGhndiel B 2BHE6 iy sahalhﬁ&%sﬁparg R R RIS RYAR

m xi ng than ot her enbodi nents described herein. 5 An exenplary film

i s createchlpover thebatfacatos tiswshporethead, lsyemamenizss thelthiongh-heles $h§ whichHielps
substrate processing regi.on 570 when.pl.as ffluents.arriving

¢ hr ough '§ RECSIRSHBRAM En BREDE aouiit Frbbginial Esrmeddeliivh o
silicon-containi n% precursor arriving through the small hol es 555

or i gP natAmexendany ABi is greoist orasubgmte stppoged Bubpedeatab(ngt drwgyivrghin

region 57 he equi pped t I  f. Q ra. pr .
Such as oo SR ABAGT 510y RUEBRhe SR TR L o B pRUBEFRRS S0 in
exenpl akkoWérhBad 5 3pdorshite Withl aBiticogRbhathigd pridCkrserurdhiagietugt s 8mall holes
regi on 520 above shower head 553 or_ substrate processing region 570

bel ow sRPSMOFBEEENS fam hollow, mlumeeStly pihoxgh ;subSFraten?éoqeaang)rq%mqi?f@rra?y be
o et : \ _ . _
b ot esor AgopRd AERpbGA s PEIEIN: S ERANHS SlithFad QB Y Bt K brlend dfine

pl adf0n reggowilbdDthdukempladsfildeposi ti on. The top plasma is left at | ow
or no power when the bottom plasna in the substrate processing region

570 is talpneda AhylR i%?i%é&%ﬁth&{h%h%nﬁéﬂﬁ%a &gﬁg%?_b Qﬁo{‘e’“ghg{}vigﬂfeaé ?55 GCes

bordering substrate processing regio l'asma i n substrate _
pr ocessisngstréppronessing r¢gon §H badwishowgpbad 55. atm AC wodfagatypiday wethe radio

shower head 553 t he.pedestal or hotto f the cha r. cl eanin
oy Todup, RR e e bed B e Hoh il I hio D s Lot R e
20p! asMghh@bé RdRbwerhBA %Q%tigtﬁieea ﬂﬁﬁﬁ@ﬁﬁdhﬁﬁbéb’lﬂhﬁﬂa }e'gio@mt)rdahhgd by
a systemcontroller. In an exenpl ary enbodi nent, the system

conttfol Idgposities. ublestop phamd islicglat Hrw geno powdropep the battagm plpema ithg

D oe T BEREF Al 57 L08Rl DO o s s

not or  C MREdedink 8libIMARY HEcesMas kaién PAY. t A plismd In Mistratt ek snfcaion 370 is
t he Versa Modul ar European iVI\/E standard whi ch_defi nes boar card

cage, angpisdhyeppbingghbhsiodase between showerherd SoA/mndths padesépl ar bettom of the
dof . A i T
R e L e R e R e O

t he 2GVD ptesatai ineresdite system control | er executes system control

software, which is a conputer programstored in a 30

conput er ' f: | I i
mp g&{e%tﬁﬁég&k@pﬁ?&bhnﬁg‘syﬁ&ﬁ et oYed B?g.sgﬁ%‘éﬁhﬂralé‘. ﬂ?‘ﬁrge){eih@g“a Ut er

drive, nmedi um may” al so be ot her” ki hds of nenory. Th
pr ogr ameimtodinkas, theswstaf contetlletviclwlins a hivdtdisk drivat e floppy diskilngg and a

m xture of gases, chanber pressur.e,. ghanper t ure, RE po
Tevel's. FERRSSRE She BREPLPbI PR SO R o AT SBF  hoplaecrd Brei
Pr ocess.in HtRaput BHRUS, Shter IR 1RAAHR/ a0 3RHPEGIdtbiSeditbl1eAAid. Various parts of
25  CVD system conform to the Versa Modular European (VME) standard which defines board,
card cage, and connector dimensions and types. The VME standard also defines the bus

structure as having a 16-bit data bus and a 24-bit address bus.

The system controller controls all of the activities of the CVD machine. The system
controller executes system control software, which is a computer program stored in a

30 computer-readable medium. Preferably, the medium is a hard disk drive, but the medium
may also be other kinds of memory. The 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. Other computer
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prograns stored on other nenory devices including, for exanple, a
fl oppy diV8Q212/038¢18r anot her appropriate drive, may al s8CB&/SgEag4428°

instruct the systemcoptroller. A process far depositi,ng a film stack
on a suBERFETS SBreon R hrigBemety; deyicea chiing. My sHBPIcea HoBey fihPEPBRE od
Usi Ng a 46 eMRMASirofHRYEAVE, B«Ya?%‘l’s%tbetﬂ@& td i%stﬁi%%ﬂiéts%gt_emcohﬁaiéryﬁ em
controller. 5°The conmputer program code can be witten in any

ti | ter. bl i | - for. |
58000 2 Bihsr b GiE AR fack Rt F PRRER For iR & Ptiep an
progr amyQe@lenfen@diRith édutéd prbRiamerbduce thapls eveditédbethkisk fm cofirdltr.

a conventional text editor, and stored or enbodied in a conputer
usabPe rihgicamputen PPN SORReATrBE WM apy colnentomg) gomputer feadéide

entered code text,is. in. a hiaghle |.an t he &0 iS

corp! | ed e b tapguled; frdHfaisroedioo SR ALpmlal®, §rEn Hindal Egpiran or
obj ect Gighes. SuipbRemopiahech dViséasel intWhrigIsiile) ol miltipleyfileQutingas. To
execute the linked, conpiled object code the system user invokes the

obj ect cemeentigngldexgditpe apdipipdar capedisthin & compefer wablegardinm, swshes §.

The CPU r e f-orm:

dent 1 1LY TR oM Gl T bR Rp R eoe (P I Byl Hlnge, he code
contlfol liecorhsiled, anditht: lrastultpatrveinpileticditedethen linkel withat object dddt bé
preferred enbodi nent t nitors are used,_one noupted in the, clean

r oom walPFeegPLeh Higgssphogndousl @F?é’y sHees-bEh Prrguteriee figkad, FRRPigpbicet
ST Vi C€ SRl Gl Buser RFok OB Rbde, BBYkirY HE LbARRHSIsntlio*Bh e 'Rl
sanme i nformatidn, in which case only one actepts fnput” at a tine. To
sel ect anpmntarg.ullhe CEUrtbemroads dndhextecns the vedotogreafoon thotasksaderdified in the
designated area of the touch- 20 sensitive nonitor. The touched area
changes WE% i ghl i ght ed col or, or a new menu or screen is displayed,
confirm ng comunication between the operator and the touch-sensitive
moniléor Thetinterfaetelvatwesn a wige Andhthegoriaglins v da afatrpanc sruchishesitiysonenitarg In
or co ication devi.ce .may be.used instead of .or. | dition to.t

Couch- o QPRI o Eens 5P pREPRAE: 13, SR SlnRlin BePEAM R bl Fe
syst em Gpbitatddk hied the 2ther Belifild @it WERINToY tiRGeldlyd fehrelciaha MRS twidl ragiTRrs may
region, the excited plasma effluents are generated in a section of

t he subsimutagepshe displan thersagiedpfoFaation, iHWAIhCREATEY GRHeSTPEs DUt alh dme-
where t f i i -f.ree

sili conl-’ﬁ?) o%!eg?%?%l’gic%l%g%g%@oarpfﬁ%&%gb%lgi%g Erta e&%oﬁ%&&%&%@{%ﬁ iag %oogfélﬁe touch-
| ay@0 onemsitiepasnitoro Ths thghediea Changes itahigRligtedchiot, or a wedvenidnu of Bereen is
excited plasma effluents are al so_acconpani ed by an inert gases (in
the exerﬁ%piwdcf&glé}'m% CRPYBCatipRdeeR S qneéaéors%q%itE%Wﬂe%ﬁ%r&itmeﬁgommr-
pr ecur s @5 dORside0tsubRSSa k&8RN ndull, 85 BlePEliRfif: SR rhMcAdE devi

subst ra’?je pl asna ’rSlelgl?on? ‘lg{l enﬁgﬁiunénts. G%Jel rlggdl ca n‘in?cr: ogenewce’ may
pr ecur sde ussl mstead efiod in atltigion emtitedopihasensitivegiooitondliowahebsr tnt o t he
substrat e processi ng reﬁg,i on V\/néﬁr the silicon-containing precursor is
exci t ed SBYYRLCAHSWItE the §YFErLR Oﬁ?recursor. | n embodi ments, the
silicon-containing precursor is excited only by the radical nitrogen
pr e@ar sdn embbdisraatyanploying\@ champerpl S&i0Rgivn 82 61difedpiasng affiyents are

tiall . li.ed onl th t | . I egi [ " .
embodi mesteef SEERdPA FRiS-bRe B PR BaRibhaL fPag Spaipyssgion
the predeisrdtRtplRxei dfftbdrnmiOaridiead iviithC c &8 6k-Beb isilig o RCEREHISY preditsor to
substrate processing region may be described herein as "plasma-free"
duri ng tdeposifrtbasiticed-andraitengen daysr ema depasitivgeHbemir @i g snypmiegndrctapwater).
necessariiy SR ARE AEbEs SRS aEbhBayc LETTRCH S 0 B Alinplory oy

fregoel eetondNThe cabbedreviilidbm-comteinplg@ssrturi@ ot ndlPaty thitrigh tapl @ before
pores (apertures) in the partition (showerhead) but the carbon-free
si | i con-<Bisaingiths Fipsipate plaswa regian.ip embogigients: | Thergdieal mitreagn pyecurper is

created in the remote plasma region and travels into the substrate processing region where the

silicon-containing precursor is excited by the radical nitrogen precursor. In embodiments, the

silicon-containing precursor is excited only by the radical nitrogen precursor. Plasma power

14



the plasma in the chanber plasnma region are hard to define and may
encr oach WA AMEIA0subst rat e processi ng region througthﬁ@Séﬂﬂyﬂiﬂi%s
I n the shower hea

In th f an inductivel y-cou | asnm,
el |- O ASSa s hp a0l Py BorBrare lste swaeiin eHBOG R, Ryesburt tha

pr ocessigratRa ﬁ{ﬂogér[ ﬁ%&ﬁr)(or rb‘\%&.ethggfe%onﬁdn%‘kdu%&{‘ﬁi thy s SR OBntIRhg
be created in the Substrate ‘processing region wthout elimnating

desi r ablpeeduesar.uThs swistrateprdmssmgupgian may W descabsiderdioas Splpinzesfree” during

L8 e ot B B i R At PG R TG 5 e orone
creasi onufd, "PlenfXedd @dePhdt 2B8Eserl) HRAR ﬂlquglﬂﬁtis A%i PSR AR TbRiGed

scope of "plasma-free" as used herein. As used herein "substrate" may
be a s urspcm@s andttaerelectrons engated “mlnmtb@tplasmﬁercgom de frevelithiepgloporeThe

of " opi {5 RURELH PapruRendhe RRef 8L & dfer SPAi et or

sem Condfét: SubistaBtifS Exited 6F tHehadnDgovldd agpledl toAhd flesmBiigionc hedobders of
integrated circuits. A layer of "silicon oxide" is used as a

shor t harike plasmaagthe ﬁb@n@qmwgpgaomtqﬁaéd to define and may encroach upon the

silijgon C
ncitfde SERRERHPE SRR AT B odureR STl R EKLS TR
ni t r ogerindeyidelpgonpled pidma, andall haotitlof ionizatisn meayditediitrd Riithin el i con

OXI de consists essentially of sil] c%n and oxygen. ' The term
" precur s‘ss\astraﬁespres@amgaeglew direqtly- dingt W@sﬂsloadstemrycma%%@sy B& Featsd;in,

a react ltf-}@S&thrﬁb &,’wesdilgé;% lﬁ)'il't @lhmgfg }g% 9% 11‘391@?@&‘[&@ F &k 'fgllmlﬁélrle et

sur f ace. state es a gas ere| n at
sonme of Alh eaug assforra Iphisniadmvmgenucm lowbir mtmsutgaiohybnmiyt tbah thdichsmbérgtlestha

and/.Qr ion d states or, a recursor”) nmay be a .
o nat PO G A os: s v ginge B mae D i Be o ang S evsited lasma

subst anGegus ddndddRviaRy fith ke slcbﬂé'bid ptmsnfaoﬂréed aBubedRp@prarily carried
along with other "carrier gases radi cal precursor” is 30 used to

A A S e e A S R

from or TRRAPHIrt SEbsR4ite @iay% ad 1ﬁ¢m5talc@f a s%mldscaﬁu@taf oﬂl Hrﬁs%eﬂf Qupagur sor ™
|s a radical precursor which contains nltrogen and

"radi calconsafabes q@si@é@ﬁl%md M8y, d0F e, sraéémrcsaiﬂuw whsternehihadype
hydﬁﬂgeglrsr?cg lﬁlethg gﬁﬁ mﬂéﬁ&% [nte%?a%ed difty ESAtl 0¥ "diicon ‘t’%&é‘\,%&s%ﬁ 9t

formch e|n ncor pora

2012/ 0 15;Eidﬂlf%ﬁlilfhisaﬁmmfe&4ﬁﬁg&blmmh a Sﬂicbmamﬂ:.)oﬁjﬂgﬂnad’oyltalmﬂg inagamb SAs such,
I ncl ude noble gases but may include gther gases so Ion% as no

cheni calSilisop@¥idgraay: Behvdg C%ﬁtr%tt%io aihey slemenfalconsiifypmts sughasmitiggsa

ina fil I
thas th eH%eit E@ig J}agoredoﬁ' r%l?rtﬁ‘@ﬁltbs h fﬂ%%&bb@fn?éh@?g‘ﬁko%hﬁe E&ns‘iéﬁ?ésb&%{agggg

ar ge horizon aspect ratio
f r om aboi&ohhed snygemc érhetterem qjxecmrmylsa;sp@axreﬁarrt@ wmrpcm ghs whu:h takes part

Spolxacnal. ook RGPt Rt Sl O oLten Shpgcs The derm v

Wh' ch mayyQfed TRYe RS critRs highl GHciid &t 18R &md 6F thO B8 molecules are in vibrationally-
excited, dissociated and/or ionized states. A "gas" (or a “precursor’”) may be a combination
of two or more gases (or “precursors”) and may include substances which are normally liquid
or solid but temporarily carried along with other "carrier gases.” A “radical precursor” is

30  used to describe plasma effluents (a gas in an excited state which is exiting a plasma) which

participate in a reaction to either remove material from or deposit material on a surface. A
“radical-nitrogen precursor” is a radical precursor which contains nitrogen and a “radical-
hydrogen precursor” is a radical precursor which contains hydrogen. The phrase "inert gas”

refers to any gas which does not form chemical bonds when etching or being incorporated
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a vertical electrical connection. As used herein, a confornmal |ayer
refers tova28RMasdl |y uni form |l ayer of mat eri al on a suPEHES201H044389
sane shape the surface, i.e rface of the er. and the
surface%@r@%o@’@“&ﬂm&l’eﬂb@?@%%“g aa‘e [gpeas b uwnﬁsér@trﬁy (O8R5t ggses so long as

or di nar Xlo%ﬁkﬁl}lcal ﬂoﬂlc@tapee OBk %@1 t&:?l 't?a%e g:lﬁ?r nth B® tfﬁ‘fa?@@int £8Im.

mat eri al y cannot e us the 'term

eneral | y" aI L.ows_ for tabl e tol erances. Havin escri bed
soveral | flS.uﬁe‘ﬁt%r?p gutr%tlbam@traﬂgn b e e G ety basgares
art t hathoY@BﬁthLh%BéE?gdtfd OB ved FronPdHoRE ﬂﬁts‘ui/ﬁc&%%tfeb'%a& B?ear%ﬂrgular oval,

equi val ents may be used w thout departing fromthe spiri
i nveft i mlygmjds tectangtlllay or a vauety of other siapes. KNtamp i oe’ e@sreed meﬁmdo a low

el enents have . .n n described,in.order to avoid r

Checar | Aot g Heagh R SRR o Sothy S gt o iR St IBHTRESER] st g form
shoul d nofert®] tlrkidald®nhédiioh! AG UsEFh&6IAPL cAifoinie 1dydy Rk &a gé@fé@il@ a
range of values is provided, it is understood that each_intervening

val ue, twifors layenefmateriahe asirfacein thesame skapeiap tersurfate & » thesutfaer ebthe
cl earI y di r £
e T BB o R B B DR 2R S0 P D B
any let attleaalv alill eecopni-Aihar ﬂl@@bﬁ@l%&hﬂ@eﬂamlhelﬁ cairtbe 2006 canfbranlyandttmey
stated or intervening value in that stated range is enconpassed. The
upper artbe 136MBBCI}GF¢H}t llows fai@seeniabis fodsrancghges may independently be
i ncl uded or excluded in the range, and each range where either,
nei t her mlﬂg)ddscmlmiidesemkm&mh:rhuﬁe,dt will bdecegmtdddry thmgéskil]snahesmt that
enconpassed within the invention, 25subjec to\éa?e&% Ee ifi ((:ial !El%/
excl udedarlprﬁeortﬁcrwsstmvraﬂ@eﬂ r 80 RGBSRy BnpediHiEi e
one or Félnﬁ% ﬁbﬁaht's afth%%t\%ﬁoﬁxgheﬁbﬁahﬁ%tla'bepéf\pat Rnd¥fn bta)ra@s%es
included TiImTs are a so included. As used Herein and in the appended
cl ailfrs, anHelegiemtpiiane nboyaes d%a:rl,bed amrderamcavbtdhmhecreﬁsalnlwebsptmnathe present
referents unl ess the. contex arI th for
ccanpl o 0yPFe Aok ise0rE et B RGP e Fpich B e o
pr ocessege aRenticef erence to "the precursor” includes reference to one
or nore precursor and equival ents thereof known to those skilled in
t he art, for . / . Al_sn.
wor ds c"é’ﬁr%rrg |a§r§ng'e thél%mrrﬁ? &%ﬁ‘gﬁg&?trjlggﬁ[g%%gwyﬁrég%%géﬁé’%gmgr‘t’gﬂle’ ttoktﬁe tenth
"1 ncl udes thenignofube thwien Liintil whicseeled dntext cloarlpdidtadtes diewise] bawkagthe upper
cl ai_ns are intended to specify the presence of stated features,

i nt @Jer @n é@rﬁrdﬁer&%f t errarﬁeéﬁelso pRaciiqally difslosed. Fachsmaler lenee brtwsemay
or addi ts'ta%]i \Qaflué)&qnf%f've%{gevamenﬁ stfed théand ﬁﬁ&ﬁﬁ&%’ta’tm%%hﬁtg value in

steps, acts, or
that stated range is encompassed The upper and lower limits of these smaller ranges may

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,

25  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

mncluded.

non n

As used 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
30  "aprocess" includes a plurality of such processes and reference to "the precursor” includes

reference to one or more precursor and equivalents thereof known to those skilled in the art,

and so forth.
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What is clainmed is: 1. A nmethod of fanning a silicon oxide |ayer on a
patt er nedVe@3BHR{MEHE contai ning a trench, the nmethod conBET/ARHY1/044219

transferring the sybstrate jnto a sybstrate processcham. ber; formn
an o_xygeﬂsqﬁ%wprqsgfomawﬁ_ shmprigngy pachies e ﬁ@%{lﬂ?ﬁiﬁst FERR hiod
| ot m ng if\%lﬂ@ éciﬂcaﬂbﬁélﬁﬁﬁlrt{lggll%%%{g[ QRindse b & ﬁe&@tﬁegyrés}éﬁce of stated

trench, erein the gapfil electric layer has a | ower oxygen
cont ent fedtames,tihlegexygerponeunth, dristeps, luathey damot pleeludea fiei présedeeedrextdition of

| ayer is flowable during formation; and c%rin the gapfill dielectric
| ayer at®fgR" B?Oé‘?/%tp@"d{e?‘é‘ elIREEe CABP IR S ERS: g%?n?f O“E’Fre oxygen from
t he oxygen-rich liner layer into the gapfill dielectric layer. 2. The
nmet hod of claim 1, wherein the oxygen-rich liner er is nore confornal
than the gap fill dielectric |ayer. Il e nethod of claima1l,
wherein the gapfill dielectric |ayer substantially fills the trench.
4. The nmethod of claim1l. wherein formng the gapfill dielectric

| ayer conprises: flawng a gapfill plasnma precursor into a renote

pl asma region to formplasma effluents; and conbi ning the plasna
effluents with a flow of a silicon-containing precursor in the

substrate processing, region to formthe gapfill dielectric |ayer,
wherein the silicon-containing precursor is not directly excited by
an application of plasma power and the gaptill dielectric layer is a

si | i con- and- oxygen-contai ni ng | ayer.
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5. The method of claiml1l " wherein form ng the oxygen-rich liner
| ayer conprises: flowng a liner plasma precursor into a renote
pl asma region to farm plasma effluents; and conbining the plasm
effluents with a flow or a silicon-containing precursor in the

substrate pAdhagsisnglnagicd o formthe oxygen-rich liner |ayer,

an appl 223 o%i#&ﬁiéiﬁé%@%ﬁﬁ il ﬂaiﬂg?‘dcgliaﬁgé%‘f%«iﬁé@%ﬁu&
\?vlh |e |r g?ﬂ ’?ﬁ bsixyyercontaainilpgal ayperch, che methicall compristige

W owvp IR S OB GO -

gaf f, atorrggfexygen to-nitrogen fl ow rate rat 0. 7.11w net hod of

dtinit s - fehandin biposneeen Ml Liflavidberldnahe ketmmnediiclud-

conprises flow ng’“0x¥ en nltrogen TG the rembt o plas regi on
with a liner ﬂ?&nﬂ%d’&g’f@ ﬁv%’é’*?ﬁtrogenflowrateratlo 8 ' The

met hod of dlairmihp wheapifilldidlasrietioyer @wqh&mb&nmmamd iovthe

rato sucn ¢ nRERD: W%Eébén@%"ﬁ%%‘fﬁgﬁsﬂw (i 5 rch ™S, e faver

that ofthe gapfil | dielectric |ayer. 9. The rrethod of claim 8,
wherein the |'rt¢5( @!i]@ﬁwﬁ?rtﬁ'ﬁ} 'ih@ﬁgl@sf% navicht] @n‘:@tiﬂ@%%ﬁﬁiihe

the gapfill ato R bt
mul tiplicative Q@&é P Rﬁg"’*ﬂ' is fl ﬁﬁeaﬁgt‘ﬂ%i%ﬂ}ﬁ‘dﬂﬂﬂand
wher ei non- cogtaimgnthipn ﬁslbdzcémt:rxs:ehawsmenmém?almidmwamagxrz.
pre- cursor an nl -
pre: Sureor and “ﬁgﬁm?ﬁ D S A i
si I'i con- and- ni thiB&n Q&Sﬁfdﬂiﬂh&%r&%l} Pdd li’%‘eslaéfeﬂ east one of
géng'rll g Si s )z ’i"ﬂé\l(tﬁuh@@ ofrdhe 3| Sﬁ.h@"iﬁﬂ hﬁep CPI- ?i?@hsﬁhcr
P s Rt 35 ke Lo Mtin 8 1858 i in AV GE i
t he subst ratB pﬁwssurtgjlmﬁaoﬁeclanm §e.pavbm'dmr bhi.t apdubsthedectric
processin The net hod f claimil,
wher ei n t%gqtt;@g%? on {%\Aﬁ?&ggaﬁ% EIB.&F&#P di el ectric | ayer
conpri ses exﬂg abetﬁéegé 8] dﬁ']dl t |»cw}é?é¢11t¥o @m}mg the gapfill
ozone- cont@igimgr@@ ﬁllggﬁ,el evated tenperature. 14. The
nmet hod of cI e uring.t 1 .
dielectric I g {;SEM %‘%‘ﬁtﬁ%ﬁ‘nﬁﬁ?& #f&%&gﬂhﬂ?i}
di el ectric | ayacgimartcotpgen-phataimi WB’G&DR&T conprising at
| east one of <94 é%ﬁﬁi' ﬁf@(blz?&mai‘ AMEBhHEOERPST Acieod” 83k ficon-
t han the el evate
u}mammg precursor m the substrate processing region
to form the gapfill diclectnic layer. wherein the silicon-
containing precursor is not directly excited by an appli-
cation of plasma power and the gapfill diclectric layer is
a silicon-and-oxygen-containing layer.
5. The method of claim 1, wherein forming the oxygen-rich
hiner layer comprises:
flowing a liner plasma precursor into a remote plasma
region to form plasma ellluenis; and
combining the plasma effluents with a flow of a silicon-
containing precursor in the substrate processing region
to form the oxygen-rich liner laver, wherein the silicon-
containing precursor is not directly excited by an appli-
cation of plasima power and the gapfill diclectne layer is
a silicon-and-oxygen-~-containing laver.
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15. The nethod of claim1, wherein the trench has a wi dth of about 50

urn or

| ess.

6. The method of claim 4, wherein the operation of flowing
the gapfill plasma precursor comprises flowing oxvgen and
nitrogen into the remote plasma region with a gaplill atomic
oxvgen-lo-nitrogen flow rate ratio.

7. The methed of claim 5, wherein the operation of lowing
the liner plasma precursor comprises flowing oxygen and
nitrogen into the remote plasma, region with a liner atomic-
oxygen-lo-nitrogen flow rate ratio.

8. The method of claim 7, wherein the liner atomic-oxy-
gen-to-nitrogen flow rate ratio exceeds the gapfill atomic-
oxyeren-to-nitrogen flow rate ratio such that the oxygen con-
tent ofthe oxide-rich liner exceeds that of'the gapfill dielectric
layer.

9. The method of claim 8, wherein the liner atomic-oxy-
gen-to-nitrogen flow rate ratio exceeds the gapfill atomic-
oxygen-~to-nitrogen {low rmate ratio by a multiplicative factor
greater than 5.

10. The method of clasm 4, wherein the silicon-containing
precursor comprises a silicon-and-nitrogen-containing pre-
cursor and the plasma effluents comprise a radical-nitrogen
precursor.

11. The method of claim 10, wherein the silicon-and-nitro-
gen-containing precursor comprises at least one of HoN
{(SiH), HN(Si1H )., and N(SiH,), and the plasma precursor
comprises at least one of NH ;. NH,,OH. N,O. NO, NO.. N,
and H,.

12. The method of claim 4, wherein the remote plasma
region is within the substrate processing chamber and sepa-
rated from the substrale processing chamber by a shower~
head.

13. The method of claim 1, wherein the operation of curing
the gapfill diclectric laver comprises exposing the gapfill
diclectric layver to an ozone-containing atmosphere at the
clevated temiperature.

14. The method of claim 13, wherecin the operation of
curing the gaphll diclectric laver further comprises subse-
quently exposing the gapflill dielectric layer tov an oxygen-
containing almosphere comprising at least aneof O, O, and
HLO, at an annealing temperature greater than the elevated
lemperature.

15. The method of claim 1, wherein the trench has a width
of about 50 nm or less.



