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conventional thermal CVD processes. Reducing the subsirate temperature is attractive

because it lowers the chances of diffusion or other mass transport effects which may

cause a reduction in the yield of the manufacturing process.

[0003] Further improvements have been enabled by high density plasma ("HDP")
30 CVD techniques, in which a dense plasma is formed at low vacuum pressures so that
the plasma species are even more reactive. HDP-CVD allows the use of lower partial

pressures of reactant gases while maintaining a higher ionic concentration. HDP-CVD



[0004] A material commonly used in the fabrication of integrated
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ruin material propertics and devices built in earlier processing steps.

[0006] There accordingly remains a general need in the art for a method of depositing

low WER silicon nitride films on substrates at reduced deposition temperatures.

BRIEF SUMMARY OF THE INVENTION
25 [0007] The present invention pertains to methods of depositing a high quality silicon
nitride film on a substrate using a HDP-CVD process at reduced deposition
temperatures. The mean substrate temperature is below or about 600°C in some

embodiments and at or below either 500°C or 450°C in other embodiments.

[0008] According to one embodiment of the invention, a method of depositing a
30  silicon nitride film on a substrate disposed in a processing chamber using a HDP-CVD
process comprises flowing a process gas mixture comprising nitrogen and silicon into

the processing chamber while maintaining a mean ratio of the atomic-nitrogen flow to
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[0010] These and other embodiments of the invention are described below in further

detail in the remaining portions of the Specification and the following drawings.

BRIEF DESCRIPTION OF THE DRAWINGS
[0611] FIG. 1. is a cross-sectional view of a portion of a partially completed
25  integrated device, The manufacturing of the device benefits from the use of low wet
etch rate ("WER") silicon nitride films grown according to one embodiment of the

present invention;

[0012] FIG. 2. is a flow chart indicating the steps involved in forming silicon nitride
films with high density and high resistance to oxide etch according to one embodiment

30  ofthe invention;

[0013] FIG. 3. is a diagram of the RBS-HFS material analysis system used to

determine hydrogen content;
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Support frogemkoMewsash (or dry) oxide etch rate, high dielectric constant, high optical index of
refraction, and other related physical properties would benefit from the use of

embodiments of the present invention.

[0020] A significant impurity in prior art CVD silicon nitride films is hydrogen,

25  usually left behind from the hydrogen in the process gas mixture. A reduction in
hydrogen remaining in the silicon nitride film results in an increase in the density of the
film and an increase in the oxide/mitride selectivity of an oxide etch. In other words the
increased density results in an increase in the ability of the silicon nitride film to resist
an etch for a period of time during which regions without exposed silicon nitride

30  continue to erode.



be supplied by a layer of silicon nitride as in an architecture
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pre-metal dielectric ("PMD™). More broadly, any application which may benefit from a
low substrate deposition temperature and a film with strong resistance to an oxide etch

25  step will benefit from embodiments of the present invention. Additionally, optical

waveguides increase confinement by using a denser film of increased index of
refraction. Optical applications will be particularly suitable when integration with on-

chip electrical devices is desired since deposition techniques discussed herein enable a

lower substrate temperature.

30 [0024] In embodiments, The plasma excitation is a high density plasma which may
be created through inductive coupling. Other types of plasma sources may be used

alone or in combination with the inductive plasma. The use of a high density plasma



enpl oy significant bias power to pronbte sputtering. Despite this
departure fromtraditional BDP process paraneters, a characterization
i nvol vi ng ¥QRIwes¥Phg and deposition rate will be usef uPCHHBR0PS087465
t herefore defined bel ow 15[0026] The relative |evels of the conbined

deposition angd _sput.tering.ch risti 0 i.0h- i
my_depend SHDE B PEApARLONH RASHIE vl s, MG RaRISD e P FRER,
gaseous m Xxgadesdiketrlitogan ug £ eoupewe hittogere(Md) ia pp HDFdDroa@snwhertaaiamnidnén

plasma, the bias power applied to the substrate, angd | i ke. The
combi nat i or&l\ﬁ#ﬁ%%efm@v &s HEAFORBHPHITF dht W%&%&ﬂ?&%&&%ﬁ- ha
“deposition/sputter ratio," sonmetinmes denoted 20 DIS to characterize
EBF prk o;:essiﬁﬂlﬂ( nés n@é{m@im abmhfdan%t_)y-piasmé raprcet is 8 plpsina (Vayproagse fhat o
anket. sp | ; . e i 3i
ey easc pRST BBkl I SRASH) Gl SRS By FEER SRl |
in the defiambhigationf il (ibdiscutmitticienass eidernirlat ef greete Rypically HOP-
deposi tion e that (s asured when depositiop and sputteri are
occurring Zé | rRACE SR Bstndle simufigpeous feng Bn %‘ﬁ{ﬁp_l‘g"r“qga?f’@'_%‘)?eg%t ﬁ@g
sputter ratgppRESD ?&Qeweﬁanﬁaa?ednﬁ BeESehtSftdAfon Sre kotAcWiat BiFfetent from
deposition gases; the pressure within the process chanber is adjusted
to the presgagittorgUHPRSda prsesspowhish may ke optyokedfor sarfdl. dp 5% ed on a
bl anket ;4 he - oxi de: s : Y e used
to quan%q f y&?%led Iﬂr?ée&}t%ﬁg\}/%r ‘%fgel%gﬂﬁg&%ﬂgﬁﬁﬁ% ag‘%oﬁdt%%egfg? ﬁgﬂ%‘gﬁ% ri ﬁﬁ?. ons
of the | VP plordssno hiss pewdrnodihus baveles epwitering itlah HOP-CNE ap¢esseathat
common alternative .ratio.is the "etchingldeposition ratio. " -E =
(source-onl ‘i}mg‘% 5‘5’?@?% g?aéP %‘5’3&0 P W&ot%%%%g?r%. ?nes lgetntgﬁS%E %%flﬁlf:%%?% nly
geposi tion ﬂi‘fdri]t@c_)nall\HDP' fpr%d@ﬁsr;ﬁmﬁﬁe_ t_rWatchaA:u;aeﬁ@gsgdw?ﬁMg;sp?ﬂt@ity_gaﬁm C RD
ecreases W d.ncreased deposit.i on. us in the defmtion o )
the "net deffbesitipnrate willbe usefy] ndigtherefors Beéﬁé bgleFosi tion rate
measur ed when deposition and sgutteri_ng are occurring sinultaneously.
The 5 "Four P82€n| Tharelstivs levelsof the eombinesiwspesition afdsputiaring characteristics
deposition rat t. ] i i W th
o sput t or i 13 g Bick BFEE S AR D sl ATAbEAERE hEROp btk
terns of D SHweide te. galbbis mixbluS, the covRtdPoareelenels appledicmaimtidi the phahs,,

they are inyersely relate nd nyer si on_between them w ||

under st ood %B%laﬁBE‘ger St?ﬁdtf’ﬁheisﬁl%‘f 3’5?4&‘611@6'[38%2%)}“ P%gfs D
processes afgy e @entyowafudsti fdaaviged depbsiticfspgR@TRio]t Retitnis Bd10%a
processes, a bias power is used to accelerate ions toward the growh
sur f aceZ@hi £f tprbyadeiedhsiPsSs range of approach trajectories. This
narrowi ng conbined with sputtering activity allows sone gaps to be
filled before the top ddngns dopositioniraterpipbankegptteaing rabe)f or m a voi d.
D'S ratios in such gap §ilT appl | @BhkQBFutREgs efigen in the 15 range of
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invention, reference is N o
process recipe is run without deposition gases; the pressure within the process chamber

is adjusted to the pressure during deposition and the sputter rate measured on a blanket

thermal oxide.

[0027] Other equivalent measures may be used to quantify the relative deposition and
30  sputtering contributions of the HDP process, as is known to those of skill in the art. A

common alternative ratio is the “etching/deposition ratio,”



made to FIG 2 which is a flow chart indicating the steps involved in
formng silicon nifride filnms with high density and high resistance
to oxi de &¥@RUAHEWIHI ng to one enbodi nent of the i nvenPCHRS20THEBIHS

steps will be discussed in nore detail later, but a general
di scussion will be ingluded here. As.sh ARG 2. Lhe substrate
is 25 transferred inte= ,ch is

evacuat ed with vacuurPpunps. Pofsewrce-gulydengsdigniger he pl asma sour ces
(step 208) either before, after or during the initiation of gas flows

(steps 212, wRik®)ncruasksWath ih@eRbdsptieiitdnd dedrbdies whe fiRfdasedalch&itiod! As
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silane (i 1105 MERECS Relednn YR nosar Rytsdutalat hdnvedtanif o
ni trogen ( Nikcritfet hereinga $&@ms 08N/ hatiesS oihildbisend [FES afaispprcsis\@cipaichls,
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t he precur sHfY §5STerselyrpigisd prdgarEpigion petwsen m@ﬁ%eaﬁéerﬁpwf@é@ﬁe of
sour ces ar egiinipdgeed through different delivery channels so that
they begin m xing near or in the reaction region. A fluent gas may
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of bet ween Pz blardkeickpdfiering(riN2 ubddidese cunditivneisgewenddifficulito ateasiirs; bl ow

rati o of be 50:1 and 80:1 N:Siaﬁe s fqund tq m.nim ze hydrogen
Cant ot 2 HEDE FAGE By bE e rpet Ko reh SHEom RSt 1o oot ek
measurenents. The present invention enploys N2:Si 114 ratios at or
above 29 1,[082911 Igrordes torbatisr appessi aleandnmigrsirndsihe peasens dnvantiop; reftrencs is
50:1, 60: 1 0f4.9 8%% \qugh o EAGN g IH&PA&H@ @ﬁesstépg iﬁ@oWeH‘iK—&nﬁﬁggﬁﬁSﬁ'
|ncorporat|on: € nore general atromdc 'ow ratio, o, IS
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hunber of ee"%ncb%d%ﬁe%?qop e inr;rr%rllt?o%g l’I%'eseI s?epts Qveﬂl be discussed in more detail later, but a
general discussion will be included here. As shown in FIG. 2, the substrate is
25  transferred into the process chamber (step 204) which is evacuated with vacuum
pumps. Power is applied {o the plasma sources (step 208) either before, after or during
the initiation of gas flows (steps 212, 216) and may remain on until either before, after
or during the termination of the flows (steps 226, 230). During step 212, a flow of
precursor gases and a fluent gas (not indicated in FIG. 2) are delivered to the reaction
30 region to create a process gas mixture. The process gas mixture provides a source of

nifrogen and silicon which form the silicon nitride film on the substrate 220. The
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atom. Using mass flow controllers to maintain a gas flow ratio above, e.g. 30:1, will
result in an atomic flow ratio of above 60:1. In another embodiment, the precursor

gases include at least one gas which contains both nitrogen and silicon. The atomic

30  flow rate of all contributions are included when calculating the atomic flow ratio.

[0033] Beyond the N:Si flow ratio, minimizing hydrogen also depends on other
properties of the reaction precursors. Nitrogen (N2) and TSA (N(SiHs)s) are reasonable
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is fully optimized according to embodiments of the invention.

25 [0036] The substrate temperature is maintained at or below 600°C, 500°C or 450°C
in different embodiments. The RF power supplied to the top and sides of the
processing chamber create the plasma in the reaction region and will be described in
more detail later. The top RF power is generally less than the side RF power and the
total RF power can range between 4000 watts and 10,000 watts for a 300 mm wafer

30  (between 5 watts/om” and 15 watts/cm®). The total RF power is between about 5
watts/om? and 15 watts/om? or between about 5.5 watts/om® and 10 watts/cm? in

different embodiments. In an embodiment the bias RF power, which is used to



[ 0039] Hydrogen Forward Scattering spectroscopy ("HFS') and Fouri er
Transform Infrared spectroscopy ("FDR') were used to quantify

hydr ogen ocwvdteasiont the filmas is known to those of sSRCT/IUSIONS/G8MHES
art. HFS has greater sensitivity for small concentrations of hydrogen

and is relied . on nore heavily.. Experinental condit] rized
"5 Tabi e focelgits i tpyien the Wi et EleBlo ARy S R pPHETEL
from a depasinbfl of ehFaditnelas oft tBSpresensingerdivhiviiB kil bt ybtaetdi€ thediampdwer

conpared to the results_ obtained using,a characterized SCOVi
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Mul tiple Heotﬂasf@{spé%&éléw&géaz odiRoRKButd Riol JTab AR ALOEST, 75 or 100 in
concentration was not being reduced during a measurenent. A nore

convent ioonadiffereotembpdanentsouri er 10 transform i nfrared spectroscopy
("FTIR"), was also used but found to be less sensitive. Table I:
Exper i ment ajgo$0n dintdne Bmbbdifmeidyod tiegavention, waibstBeet trensfangd (k651 HFS

R AL T L T
[0040] In Oéﬁ%ﬂmh%%&&ﬁﬁdﬂwmm peRERiIL SARE: $4%as menhogk sEess of the
invention, experinhents were perforned conparing the VR and hydr ogen
cont ent of eomtaidmg precursor is flowed (step 216) and film growth occurs 220. The flow of
10 silicon containing precursor is then terminated (step 226) before the flow of nitrogen
containing precursor (step 230) and the plasma is stopped (step 238). Terminating the
flow of the silicon precursor prior to terminating the flow of the nitrogen precursor is
desirable, in some embodiments, in order to maintain at least as high a N:Si atomic
flow ratio as that which is present during film growth 220, Maintaining a high N:Si
15  atomic flow ratio in this way avoids the production of thin layers of silicon nitride at
the end of the growth process which may have a high hydrogen content and low WER.
This is desirable when performing characterization steps which only probe the outer
few monolayers. If the last few monolayers have different physical characteristics,
incorrect inferences can be made about bulk properties. It is also desirable to maintain
20  alow wet etch rate throughout the film to maximize the films utility as, for example, an
etch-stop. In an embodiment, a substantially uniform low wet etch rate is enabled by

ensuring there is sufficient nitrogen in the plasma whenever there is a silicon-

containing precursor present.

[0038] In an alternate embodiment the nitrogen is flowed before the plasma is
25  initiated. Similarly, the plasma may be stopped before the flow of the nitrogen
containing precursor. Once the flow of nitrogen containing precursor and plasma are
stopped, the wafer may be removed from the deposition chamber (step 244). Other
steps may be present which do not appear in FIG. 2 including, but not limited to, the
flow and termination of flow of a fluent gas to increase the density of the plasma. In
30  another embodiment, the flow of an inert species may be initiated and increased and the

nitrogen flow may be reduced during the time between steps 226 and 230.

10



15C VD silicon nitride filmdeposited according to the techniques
described herein to silicon nitride filns deposited by PECVD and
LPCVD net Hgdg009PB®76substrate was processed in an U ti mMRCEDP20gHeSTIEr
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Table I: Experimental Conditions for Hydrogen Forward Scattering (HFS)

. HFS Analytical Conditions
He™ Ton Beam Energy 2.275 MeV
Normal Detector Angle 160°
Grazing Detector Angle ~30°
Ion Beam to Sample Normal 75°

[0040] In order to confirm the benefits of certain embodiments of the invention,
experiments were performed comparing the WER and hydrogen content of an HDP-

15  CVD silicon nitride film deposited according to the techniques described herein to
silicon nitride films deposited by PECVD and LPCVD methods. The substrate was
processed in an Ultima HDP chamber outfitted for 300 mm substrates with a pumping
speed of 2800 liter/sec applied during the growth of the silicon nitride film. The
substrate temperature was maintained at approximately 450°C during HDP-CVD

20  deposition and the plasma RF powers applied were 2000 watts and 3000 watts applied
at the top and side. No bias power was applied during growth. The gas flow rates were

40 sccm for silane, 1,500 sccm for nitrogen, and 300 scem for argon.

[0041] The WER is determined in addition to the direct HFS determination of

residual hydrogen content, in order to measure the chemical resistance of the film. The
25  thickness of the silicon nitride film was measuared before and after a hydrofluoric acid

etch in a 1% HF solution in water. The wet etch process was sustained for a known

time at 25°C and the etch rate was calculated. Films were analyzed and results are

11



Substrate Process Tenperature 450C 550C 750C WER in 1%IF 2.1 Almn
20-40 A/mn 12-14 Almn Si-H in FUR Not detected Detected Not
det ect ed FAOBYPIHEEBTH% 13% PCT/US2008/087465
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20

25

shown in the column marked HDP in Table II below. Prior art results are shown in the
other columns for comparison. The 1% HF solution etches thermally grown silicon

oxide at a rate of 36A/min.

Table II: Film Characteristics vs. Deposition Technigues

HDP PECVD LPCVD
Substrate Process 450 °C 550°C 750 °C
Temperature
WER in 1%HF 2.1 A/min 20-40 A/min 12-14 A/min
Si-H in FTIR Not defected Detected Not detected
H% by HES 5% 13% 6-9%

[0042] The wet etch rate is shown in FIG. 4 as the gas flow rate of N; is varied under
conditions of constant SiHy flow of 40 sccm. The wet etch rate initially is reduced for
lower N gas flow rates because the process is nitrogen limited. In this regime,
additional nitrogen added to the plasma results in a more effective removal of hydrogen
from the film during growth. The wet etch rate then goes through a minima and starts
rising due to the increase in chamber pressure. A constant pumping rate was used
during these film preparations. When the pressure rises the dynamics of the gases in
the plasma are altered reducing the ability of the nitrogen to remove the hydrogen. The
process shows a clear improvement in WER in the vicinity of a N3:8iH4 flow ratio of
25:1, going through a minimum between ratios of 25:1 and 40:1 before rising due to

pumping limitations.

[0043] Different pumping rates result in a change in location of the steep rise 408 in
the WER and may alter the minimum WER 418. Hypothetically, an increase in
effective pumping speed from 2800 to 4000 liters/sec would move the steep rise in
WER from around 50:1 to 70:1 in FIG. 4. Such a change would allow the improvement
of film growth rate and/or the WER. Higher film growth rates could be achieved by
increasing gas flow rate at a constant gas flow ratio. Similarly, further reduction of
WER could be achieved by increasing the N;:SiH, gas flow ratio at a constant silane

gas flow rate.

[0044] The wet eich rate is shown in FIG. 5 as the chamber pressure is varied under

conditions of constant N (1,500 sccm) and SiH, (40 scem) flow. The pressure is

12
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VER 418. Hy@@?ﬁetf%a‘ﬁyv,mrgﬁé%%nugpgg? gt%fl \éﬁg?(ﬁ@g?tlg?gthghnpfl%%n@% from
2800 t o 4000LIrINAM metn iwanlfactired by ARPLERIRBIA THRIA LISNIND,, §FSanfarCiara,

around 50:1 to 70:1 in FIG 4. Such .a chan woul d al.l ow, th
i npr ovenent CHoma, megpesdssrintian %ﬁ‘gpg} 1Sﬁ’Fﬂé’9 B oIy aﬁﬂ“ﬁ’? Trokeh

rates coul dybss, pmhiogvesnyETICeAR ABLE D UCIW EBY C GQUPEED HH-@VD gas
flowratio. Siml ar,lsg, further reduction of VWER coul d be achi eved by

i ncr easithg REACOR, Sliled fulyds. ¥996 Wy Fradi o Redeker.disrhad Maghadamydliraghs f | ow
te. 25 T. ' '
rate [ OR44)aT 06 gsh%a% bah ﬁflagﬁzg? gfcﬁ%%.tﬂ Blﬁla%gé (l%,ﬁg%gégﬁb‘?%ﬁr

pressure is variéd u r condition t ant eem and
Si H4 (40 sc®hngfVMaws Wire spdeebolr 8inha thaADHRODSIG8EITMAET/i6 520D87aBE 7465

changed by altering the throttle valyve posi.tion . which, in tur
changes ¢ hehaPReyorEngAp Ry Rl MEBR L pORGE R eelioh iR rrgs.
(i ncrease i pAWRE 6Bbelbw! FIE) 6A Schehafdallgsildstistes the structure of such an HDP-
15  CVD system 610 in one embodiment. The system 610 includes a chamber 613, a
vacuum system 670, a source plasma system 680A, a bias plasma system 680B, a gas

delivery system 633, and a remote plasma cleaning system 650.

[0046] The upper portion of chamber 613 includes a dome 614, which is made of a
ceramic dielectric material, such as aluminum oxide or aluminum nitride. Dome 614

20  defines an upper boundary of a plasma processing region 616. Plasma processing
region 616 is bounded on the bottom by the upper surface of a substrate 617 and a
substrate support member 618.

[0047] A heater plate 623 and a cold plate 624 surmount, and are thermally coupled
to, dome 614, Heater plate 623 and cold plate 624 allow control of the dome

25  temperature to within about & 10 °C over a range of about 100 °C to 200 °C. This
allows optimizing the dome temperature for the various processes. For example, it may
be desirable to maintain the dome at a higher temperature for cleaning or efching
processes than for deposition processes. Accurate control of the dome temperature
also reduces the flake or particle counts in the chamber and improves adhesion between

30 the deposited layer and the substrate.
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chanber pressure increases for the sane reason di scussed with
reference to FIG 4. Filmqualities are inproved as the punping speed
i S increaskd2008/089&hpl ary Substrate Processing System PODNEI0084Ha465

i nventors have inpl enented enbodi nents of the invention with the

Grarn, Car ) YT antelogaithdth PhadRberoFERMRE s mtler 00 GoRATGRs

comonl y asthk giv@tbettoShe PatiumNgsterh, AMdsed@ition @IMYETHRIGe FupBirkember

| NDUCTI VELY PLED HDP- 10 REACTOR, " filed July, 1 1996 Fr ed
C. Redeker , 63845 pggn w%%mﬂaweﬁfn%%m,su 3 b?fg’ﬁf%gkﬁé,ﬁ Yan

Maydan, Shi §iraRatkd are Bhhsd&redifio aRPBEIIE cRnfRL 513 DifadioBotMae (nddaRsemONg
and Ashok Sinha, the entire disclosure of which is incorporated

herein by riéfeshaeasertian/sueeva] ensnisg (1dishaym irtheisisle of ehpmber613dq Lifi pins
connection i

illustrat esmtoh%og%lﬁgtr agéraégaagﬁ ﬂ%ﬁéﬁ%arn%‘%ﬁe f@ﬁ(@?{%ﬁ%@é}ll%t |Shr?wcr)]L e
enbodi nment . tothevedlysdubsirabd fomticd notletdlale ahanipper 1648ng posianbdmicy Bivem
670, a source pl.asnma.syst.em 680A,. a bi.as pl as system,68013. a gas
Sei vy oo beRiiag o aehsh Th B un ol Rl od Sh SRS et ButiR,
The upper perd 4feibdhteGipyiPaheile? 6il SChuR e feceiR iR Bltfon 6D idndes arade
of a ceramc dielectric material, such as al um num oxi de or alum num

ni t ri del0 Doplectpsiatiohughk SRR thabseowsh e sphstialg 16 srbsirate suppar msmbFoRldssi ng
regi on 616 LBG Megi ' L el hire by

t he upper s{%r?%(r:ggbég%% %o%%a]tﬁ%pg%%@%dﬁs bgdgﬁglggﬁgsg&gu%%ort menber
618. [ 0047]isAnddefitoey anpilamisud2gidervd abiniwing cgppmicen®@mlsur nount, and are
thermally coupled to, donme 614. Heater plate 623 and cold plate 624
al | ow cont r @o49ff VhewdosyeteRS670endelea tistde bodywé25wvhich housts twif)Gladver a
range of about 100C to 200 C. This allows _gptim zing.the done

t enper at ur etbresle yalue Ao andisatiselndde gefe valgg Pz'}é%%@',n%lfcuﬁaépmﬂg 628. It

desirabie t g R vilRtda thil erdREBod) 655 TS BmitheARBEAIHbR QF A6keaid ng
or etching processes than for deposition processes. Accurate control

of the donealieyssemmetiicrumpins. rGaevdye $can isglate BIMMeAS frean hreehedy i n
the chanb ' ' . i d
e chanmber ?%éf?gm{ %%%gi%%%gmﬁ&hﬁ’é} 8?&&&@8%‘% ghg%gr%ﬂ%hﬂfﬁ;% %X&{y an

t he substra |'ower portion o 613 1 ncl ddes a
body nmenber wb2Pthroitle edivg 66ris fulllyepeh diiperTangendneofthe thuotile yave gate Aalvas e

portion 621 o ubstrate suppart rren%er S 0D ,

a conti nuoui"m{'ﬂﬁ Qg %{@é‘"&’n A% 4654 cﬁ%(ﬁ%%lle WOP@J%%PFQ%?@%&%F%%%B
t r ansf epg edatoat 0 naligbrOtetaboilit 2xtbanber 613 by a robot bl ade (not shown)
5 through an insertion/renoval opening (not shown) in the side of

chanber 613[oo;5b1f t TRE Qe MsBROUE 680 irfchide 85l topndillhehad QEEmtb3oNder
the control of a notor (also ndot shown) to nove the substrate from

the robot binedetedon demeplrA bynuictigalsaeindishisldaBat showa) rediges clectrical
P berr ot o7 BAplibk llwBsfmb Dot 10 obif 825 H}3keR— By o RuRE K QRFF gonerator

substrate rec
631A, whereas side coil 630 is powered by side SRF generator 631B, allowing

25  independent power levels and frequencies of operation for each coil. This dual coil
system allows control of the radial ion density in chamber 613, thereby improving
plasma uniformity. Side coil 630 and top coil 629 are typically inductively driven,
which does not require a complimentary electrode. In a specific embodiment, the top
source RF generator 631A provides up to 2,500 watts of RF power at nominally 2 MHz

30  and the side source RF generator 631B provides up to 5,000 watts of RF power at
nominally 2 MHz. The operating frequencies of the top and side RF generators may be
offset from the nominal operating frequency (e.g. to 1.7-1.9 MHz and 1.9-2.1 MHz,

respectively) to improve plasma-generation efficiency.
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619 of substrate support nenber 618. Substrate receiving portion 619
i ncludes an 10el ectrostatic chuck 620 that secures the substrate to
subst r at e VEQpP¥PEHenber 618 during substrate processi Hgl/UFAR087463
preferred enbodi nent, substrate support nenber 618 is made from an
al um num oxj or i 1062 (=13 » S 70
i ncl udes tﬁpot I eAEJggg]a%gg%ﬁ% I C O%hlg%{slgéé aﬁjllv\na’sn- b gidiieI )E%got tl g'yl\s/tiéafﬁ{\(/@ea6
626 and i s ladstmaatieng tarwokt632GalThe bB2 Plasmalsystenb@ OBolapeitivety qoupiss 628.

It 15 shoul d, he, not ed t.throttle dy, .625. of f Wl

obst ruct i oﬁup%a&é?r?qno@%%m&arﬁ%é\g 62%#?3? feke c@ﬁl{ﬁjﬁlﬁ{g&%ge&r\?g e 627
can i sol at erHewy Hudthalsy9em EBIP tdrv @ thethaneedbe tragot afpladnsspeded (eql,
chanber pressure by restricting the exhaust flow capacity whe

throttl @ vaPu® cweisd by thegolsee glagna syptran @%WW%P&%%W%%@G

val ve, gat %gﬁggggpr@ameﬁt%im&% roRiERp 36 h@,w?@@mr@w R aitaabl e

control of pressures up to 20 about "1 m'llitorr to about 2

t on. [ 0050]frékmencydess tendl MEmpassijssussed B8 hetmt.udes a top coil 629 and
side coil 630, nmounted on donme 614. A symmetrical ground shield (not
shown) redugesz]el BE sérefatdrs 6310 hidp1Behvleddiittly conttalled Taphesiits 2689 i s

powered by top source RF (SRF) generator 631A ere e coil 630
i s power ed MRFTas oS SREYEALFRESPeE erEebouy H'%W%ﬁ@‘\ﬁ%{g‘@e}"é EHE B wer

level s and fERAUSAHENRb] GREH @idk Hbwi habAGhufRidflectE ipswailEdm g |
systemal l ows control of the radial i0n density in chanber 613,

t her eby i npehemberandicald heckun itfecgentratpr arg adiustisdhe remencynd operptiipiolobim
are typi cal i ] i i : Py

conpl i ment atlpé I&e‘}f]e gt:lrt%irl%%‘gd ﬁlol\‘%g’e‘fl\égg%cé%fc@e g P%gﬁgtdi t éel{ll?})rgthg glitjr%g RF
gener at or 6ghAraproatt tiesicailp desigrzd 5O Gpensie trgo ofoalkithawbaracitristioniopedahge 2

MHz 30 and t i de_source RF gener.ator 63 ovi d u 0

ot o o REet e R e mey bOBHEREd Bl Ioan bRt Rt chitedattd
the t opandingiedmcRthat enpEaatafos. THY cifre@ide$oivef tiaRTetbe tothaioad
operating frequency (e.dqg. 1.7-1.9 Mz and 1.9-2.1 Mz

t 7
respect | vel dydifignaiypresi rfleaieaoneeloat Pesk (RS EREREyMaY ysrioad and
2009/ 085974@&3&&%%&%%@54@%{1&%&an%ggif%%g 2 gﬁmamay $4n@8T680Ess than 5

i ncl udes a bras RF )ed%%ner_ator nd a bias matching network
632C. The bélass folcrsr@0phsisedepesiing emipaplesmy isnydepniyptraenasaibss facirs and
portion 617, t Gk B%;&

el ectrodes. bel“%%sl%%?%esc {Eg{f’gg;ﬁ’ralgéig? Xe\lﬁ%ngtg See?j;ﬁ/?g?{gg}dgn nggé{%eﬁaéor
transpozd ofreqleasymcafingite the(reflgied foweninsicases trtped ebiyarsfesred damche RF

pl asma system 680A to the surface, of the substrate. |n a i L
embodi nent , SEeElorigthy P’ﬁtaﬁﬁa p‘i?‘rgciﬂfit{ﬁge“ﬁ ; bifﬁt?lﬁ’b a’(/\?ﬁf‘?%u%gfe%e%omr
at a frequepgyeraQ8 smproddeficiily; is dethdisaeisseserhorkt her bel ow.

[0053] Matching networks 632A and 632B match the output impedance of generators
631A and 631B with their respective coils 629 and 630. The RF confrol circuit may

25  tune both matching networks by changing the value of capacitors within the matching
networks to match the generator to the load as the load changes. The RF control circuit
may tune a matching network when the power reflected from the load back to the
generator exceeds a certain limit. One way to provide a constant match, and effectively
disable the RF control circuit from tuning the matching network, is to set the reflected

30 power limit above any expected value of reflected power. This may help stabilize a
plasma under some conditions by holding the matching network constant at its most

recent condition.
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[ 0052] RF generators 631A and 631B include digitally controlled

synt hesi zers and operate over a frequency range between about 1.8 to
about 2.1 WPR2WIEE¥A generator 10 includes an RF cont r oPCEUS0$/887¢G30t
shown) that neasures reflected power fromthe chanber and coil back

to the geneyqisay anfr AHdhdhSdsSnd ofHe%h%ﬂfz)é aPlasPRE FE dxafiplcOthe RiFal.Birbihe
| owest reflected power, as understood ry?/ a person of ordinary skill

in the art. ciRmilfapbe areért@dqra@nwbppaw eh@grscbtnébp lped Gprsma) sdmayo a
| oad with a: f be
oflected USROS bRt b REER AGRHowaPio Ui B AR

i npedance tmamtamaélyg:enﬂmﬂmmg ddpbstimest ar'legice power transferred to
the load. Additionally, power reflected fromthe | oad back to the

gener at o5 591 e bl g delBiRel HBRRIB3 HRRIERE BRI Foh seREAIBRE BfuA — 5 SUE

i npedance of a plasma may range fromless than 5 ohns to over

ohms, depenéfiaiden for prasessingshasubgiratedn saadeliveridnes G8Henly sere of whickhard
because ref dAQ QR b@%d%gtogd l{)}gyﬁﬁéo%%fﬁqﬂf {1 ﬁl%%%nﬁlg acrﬂgj sgﬁrtcésqge h e

generator 2 fr guency accordi ng ere OWEr 1 ncreases
power trans fcwrsmzrdesfﬁﬁém—t&iséElaﬁd g:mraemat gonndctiot bﬁdthrasrﬂmesadi&s tpchdngtet s

t he generat her ,.wa ce r ected power a rove
ef fici ency ?@3 Ve %Peﬂ@P%ﬁ?h’&dﬁ %B‘B’éﬁpr etsﬁqﬁreﬁ"f“%é‘t ks 632A
and 632R) Matiimben6130 Wbded ark m@d@d%ﬂ%t@ﬁhﬁ%ﬁﬁﬁﬁf R 314 A6 TREBopLt h
their respective cor | s 629 and 630. The RF contro|g circuit may 25

tune both niPARFAEOH:EIEr RB i simplifies aytitlreossuechiendviguplabpmbers13
within the gRkgkY DRiRELWRERS of SisTRlG37t he generator to the |oad as

t he | oad changes. The RF control cr rcurt may tune a nmatchi ng network
when the po re fr h back to t en eds
a certain | r&%?] Eﬂon% %%o i e{aqr’tg\fﬁ Sne %&4% mﬁr@ag’fq{’géﬁﬁvel y
di sable t healﬁl-_secmﬂtga@ﬂowmbﬁiwllerst sm'taumm@'mevmag@hb Figg PREMAIGBG i S
to set e reflecé%ﬁd 30 o1 % frqngve an ect d val ue of

refl ect Vi 5‘?&5 hvé nes S8 yesoaiemfar Wi o rng 637
condi tions f?ééa ﬁ@f%ﬁcégﬁ@l&z‘ﬂ& @?t&@ﬁ&mﬁ@ﬂﬁ sidwil fof ﬁfPéstes of

recent condition. nmeasures nmay al so help sta 1ze a

pl asma. For LstEonkt a‘tHﬁ@Wﬁ%Fa vfrmdloveeh gag pyerdhpsubgrates éﬂpitzb" lenetheandi ne
th d
e power Eéz!z}é%gﬁtnﬁagr JelfalRah ﬁlfblﬁff%g&l&léaq?\%{{g%fopomﬁgﬁg A ggsecr ease

t he generator out wer t0 keep substantial ly
const ant duvfilirgtickeeffisiendyohr mparacdiaxewqesﬁvijdﬁﬂ 55111&&1@@% chiaaibreﬂ eInya s y stem

633 proi(dde %%g mE) mrs_ievera gz‘l 634A - % rrber
processtng THe Ppsnt B% 1gied VA e {/’m§8

whi ch are smwaerm. woul d be understood by a person of skill in the
art, the actual sources used for sources 634A - 634E and the actual

connect i on @bstie! Gﬂéaﬁﬂg 638D 38 phiRalftP arm&riz%%s ﬂ@z%leemi&ﬂ efag On
t he deposition and cl eaning processes executed wthin 10 ¢ er 613.

Gases are i Whichdéudedn) rvrthr_s:hcmamﬁérrre@llembpﬂnm@areaog@swwnﬂgmﬁ@hoammr a

top nozzle B! I (lrf[ é n@% ew
of chanber %ﬁcesér: oé\n%zr? g a%%ragl ona b08 enpl%rp b8 asr}#o%%g@(%%ﬁb ] \(rll
one enbddi nmemie eniodptendmitlissiesioabtt mpd & mmmums gasﬁé%dd& @idiz & 3aded beﬁﬂﬂd
first and seco d as _flow ontbr 0 J er s 35A g.nd 635\% pr oVi as to
ring pl enumk € gases 1ito ¢ er 613, Il other embodiments, oxidizer gas an

gas may be mixed prior to injecting the gases into chamber 613 by providing apertures

(not shown) between body plenum 641 and gas ring plenum 636. In one embodiment,

third, fourth, and fifth gas sources, 634C, 634D, and 634D", and third and fourth gas

30 {flow controllers, 635C and 635D, provide gas to body plenum via gas delivery lines
638. Additional valves, such as 643B (other valves not shown), may shut off gas from

the flow controllers to the chamber. In implementing certain embodiments of the
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15 gas ring 637 via gas delivery lines 638 (only sone of which are

shown). Gas ri n/% 637 has a plurality of source gas nozzles 639@%0r_1|y
one of whi¥R28UERG N for purposes of illustration) thBETHPHI$ e

uni form fl ow of gas over the substrate. Nozzle | ength and nozzle

angl e may bmwveliRndRerck 838A oMyl h eldne Gi1ef sotihte, sabick 884B tompiseé 4| e and
gas utilization efficiency for a particular process within an

i ndi vi dual eRksparnitregendNozguise.speee 63t eparertisarnl SA gagcs segco®Abhas 12
source gas an. al _um i . I : S
ing 637 SHEFLET AR A A D o A e bt e
of which is wn) , i.ch in ef erred enbodi nent are co-plapar

ot h g SRS b ebou i R DS EdoRa0T St s et bl Aeh
recei ve gashd i@miedyelilifne fastbrhainind ir the $068e1Q 8RBT 8 dbpositfon. This
desirable not to m x squrce gases and oxi di zer gases hefore injecting

the gases i Weybersamelished ysing a 3ovaysialventvel hiahtest43By odsale chpndenpid
_ ov ; HEH e ( 513
source gas HE%d%ﬁvﬂie&fS?Q?ﬁAQ{ t{:)\?mg] tﬁ%@{é\,&e&e@% %ﬁg%ﬁgﬁ&&ﬂf&%%&ﬁ%‘?&r

by providing apert not s enum and gas
ring pl enunexédtple. | As shownamnBisticre nther dimilad/alvessnetigs 4R ahd H43C,goay be

sources, 634C, 6341) nd 63 nd thi and fourth s 30 flo

cont rori er samateton ofes o8y Hepvery s, ik frelti e il gl e
del i ver yo | | mehamBér.618dspiatitnadlto madines, theSwtiin@st thd tidenRt ey delinbiyeme not
shown), may _shut off gas fromthe flow controllers to the chagber. In

i npl enent i n@eEeR RefEREEY VARERD B chfeber) ddrianally, tuenay dorpati)yalves

conprises aak 5iRAG) Dlalffe pPREECHKW SR RS ﬁ%%&nt?&!épi“l\/?ﬁ?’) Andle @A
nitrogen N2 source, source 634C conprises a TSA source, source 6341)
conpri ses aft katwesn ames spureciad anMFGour ce 6341)' conprises a disil ane
Si 2H6 source. [0058] In enbodi nents where flammable, toxic, or

corrosi ve gpHes] aRefettigdigaintio RHY. 63, bieanttes 61 3Bdlsehds dopeddzaie s andiap vent

remai ni i as ,del jive lin ter .a d sition., This. be
e conn! FneRt ol a8 il sl tp v Sdo Ao inadoeh§BR Rorsie? Ot of el
chanber 613of he gasde WhEAY pkdvee fifd BAifanetyhAd M&Ws fiiRladjieient 6ftBe BRSA tO
vacuum forel ine 644, for exanple. As shown in FIG 6A, other simlar

val ves, sucferesition and dopipesesmeterhy Torovanh ey ip ot atraiar gRerdRgEPURLSD
delivery |ipgsie 6a8Ch LW @foWieny Hri¥Gas SRYccRB4RIsA5RMs 8Gr&d 08 Botks689

chamber 613 as practical, to mnimZe the volunme of the unvented gas
delivery |i fed {ohaometdSt ouwtch neezlally C/abdbcontisttheamdbbgds delivered to

Addi ti opal | - a Qf val ye ) .
petweenza, miube s MR Al e HBAE RIS AN il 1B lfvered
gas source andp gss idzgle 6f80SR]ilaRef e NMPQs 6358 and 6058 ey KieAysed trasvhhgol 613
also has to zzl e 645 and. top v 15 648. Top nozz 45 and, t op
Vent 645 al TEWErERICHRARIAPOARE Y O8F AR ire EEl aler B aghge
gases, Whi CBourégut@¥§genf sulchas! Sk d3UBY ISt Adnhiddindnits) 8x-pidh iSddt B lied
the films deposition_ and dopi ng [i)ararreters. Top, vent 646 is an

annul ar opek g chamhghHomany sigs Apwlesq G he gapepsipporiodoniatele 645 pud togas

source 634A,SHIBRE ki35 bS RELS a@éff Q43 kiewine 3t 26 ihRRKAARE! 633 56
Source nozzle I\/FCh% 5A é’Hco‘ﬁ)t ro % t he arr%%nt %% glas c}i‘g@?ver ed t oe gases
may be mixed in top plenum 648 before they flow into chamber 613. Separate sources

of the same gas may be used to supply various portions of the chamber.

[0060] A remote microwave-generated plasma cleaning system 650 is provided to

periodically clean deposition residues from chamber components. The cleaning system
30  includes a remote microwave generator 651 that creates a plasma from a cleaning gas

source 634E (e.g., molecular fluorine, nitrogen trifluoride, other fluorocarbons or

equivalents) in reactor cavity 653, The reactive species resulting from this plasma are
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20 source gas nozzles 639 and top nozzle MFC 635A control s the anount
of gas delivered to top gas nozzle 645. Simlarly, two MFCs 63511 and
635W may DBEOG¥RES¥E control the flow of oxygen to bot hPEHNSIPEHISTHAE

and oxi di zer gas nozzles 640 froma single source of oxygen, such as

sour ce 634 1donvbtd SO HRnREPOH t%ﬂ%l?\cleﬁifﬁ'@@d@ fécd poRlesS YRRbp B tdr Mite!¥B5.

chanber from any side nozzles. e gases supplied to top nozzle 645

and top 25 Teamatgdas negg theonkap thestopaing plaspi (- cavity B ind grpliatoy e
into chanb : i ' f
ey 11 ow | o0 ipt sty 4P RER B oot Bl biRah bR EHUBIRS Biglad3

used to suppldyfeadagarionsd shauld bekept af shohtas praatidad rsincf (eG@O0hceAtratimmmtl e
m cr owave- gener.at e | asma cl egni.ng system 650 i s provi.ded.to
per | odt ol [SPRMISRoa B Pt B RELPQUR SiFERs ERmITERT SBdRancs. The
cl eani ng sy@b&ﬂt&? thd WHMER IR R k@t E4vAVANSN OBE BEAIIRN effitient hat
creates a plasma froma cleaning gas source 634E (e. gi,th nmol ecul ar

&

fluorine, niiqrewaYe sendratpiasd;dges nes srkect chaydcs epinsaals HNDPEIERL S)

N react or LauiLy ob By HRfoliCR b5 SRARHE N B PRl O hbhs

pl asma are convéyed to anber ro g gas port
654 vi a appformed wrsithubenssgientlyrelatiwtly sdnaitise consgbneuts,coelt @i atectrhsatic

Feerot al "t BVaE 65F oTnpr R e S o SR e iR el 2°

cavity 653 magbérgeirgonith 85 sihelikila bleaki@piroass SRANG. 68, he plathsal |
since the caoncentration of 5 desirahle plasma species may. SFSCI i ne

with di stanteaneswsierdsP 4y shenpidispossg abovedhesiembrid Bnalthopghethery pl asma

in a renot e?&ﬁi@ngﬁxa Ll:OW&iveReys€a. of an efficient mcrowave generator
and does not subject chanber conponents to the tenperature,

R e R e Sl S
conponeld s, scaueipass seppdied tlosightthetop Qodicimko H2 Ohantber ol to deed floovsoé

covered with a qu fer or otherw se protected, as y..be required
e e PR pltsmh SOSF e rovidRt B eueiion qrp 648 e il
pl asna- cl eafhirdigh a)ehtRTH ARl 662 S0 Wt ALSPESREIIGRACRT fReadPRMab13,
al t hough ot her positions nay alternatively be used, [0061] A baffle

661 nay be $Heeigs movidsd Bxoyghitlee ¢lepninepags fred ppid 6pargidirecied fo|thedesfol i

source gase&&&pki%*@g&ﬂg@dhe top nozzle into the chanber and to
direct flows of renotely generated plasnma. Source gases provided

h h | &, 645 di h h,. | . 662
I ouohad SPURREY! FufhtRe el AR e b LR SR Bl BB
t hr ough t hevarly aniiffigegapsoctatty dhamberd add differedli procdssifly tanditias, shddmt of

t he chanber 3 by the baffle 661, ) .. . ,
di%érent grecursors can be used6 without departing from the spirit of the invention.

Other variations will also be apparent to persons of skill in the art. These equivalents
and alternatives are intended to be included within the scope of the present invention.
25  Therefore, the scope of this invention should not be limited to the embodiments

described, but should instead be defined by the following claims.
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20[ 0062] Those of ordinary skill in the art will realize that

processi ng paraneters can vary for different processing chanbers and
di fferent processing conditions, and that different precursors can be
used without departing fromthe spirit of the invention. O her
variations will also be apparent to persons of skill in the art.
These equi valents and alternatives are intended to be included within
the scope of the present invention. 25 Therefore, the scope of this

i nvention should not be limted to the enbodi nents descri bed, but
shoul dy b iyned by the followng clainms. WHAT IS CLAI MED
I'S: Wi%el%ch’@@ﬁt hod of depositing a silicon nitride filmon a
substrate di sposed in a processing chanber using a HDP-CVD process
conpri si ng: fl owm.ng a.proces S mxture conpri,sing
nitrogen and silicon {MREqdR dﬁ??fbtl%%s”i W%Ogﬁgﬁa‘égﬁﬂﬂ??éuwmtdéﬁgﬁ?%né
mean 1 atdcessifg dh@batRifigCr IDPIOUR BrockRWoln@riting atom c-silicon flow of
about 50:1 or greater, maintaining a nean pressure in the processing
chanber of about 40 niFOYINEGPIICES A HHX HER SOIBNIISING Gitepes apd Wigrstintgitee
terrper . . . . C - } i .
densi (5 SuRehAOe PRI B AN meon raig ot the tomigonit BTN e afiic
fil m ovidicon flewsl byt 50:¢ onhere, maitteinfigghmetasessyreph s prodegsingehainbar of
density, on the.order of 1011 .ions/cnB or ater and d.onization
fracti SR DTG T Yo MitpkoibREg il oo e TSR o500 G 88 of
claim1 wherein the nRaningathigh dhsitPeladbOFbGH proOGeBasfth @8pdsa thdElicon
atomc-silicon flowis about 60:1 or. greater. _ 3. The

met hod PHFAG R pver thgsupeyate Wh%elﬁé%ﬁﬁlglég%ﬂbplaﬁlﬁé hag avipe density o &y FdeWE
to the gt QpsknSiok gfe@fer BAPW ibRizARRAU acBOn dn Ble AL RF 857 or greater. 4.
The nethod of claim1 wherein the nean substrate tenperature is

mai nt ai ned at 500C or_bel ow. _ 5. The nethod of claim1
wher ei n t he meanZpr esEigethpd pfdaipr bebesinibe whambsdp of deamie-nitDeaTdow
or les il T .hod laim 1 wherein the wet etch
rate o O%hﬁgto e“ﬁggllc(t)%gg\gil %ngﬂ&}h?t&r%rg;etel?i | musing a hydrofluoric acid
solution (1% HF in water) is |less than 5A/ m n. 7. The

met hod of cl ai m 1. wheFlsd methpdbolplam hwhatis thf meieratie pbtie taedhisinitiagem flow
nitri d?o f %Ia{&riligus%rceg er 'sta an & ut SOtOA/ m n. 8. The

et hod “o1° &OBHES TP P W & “008HAF I &1 H5XFT owi ng argon gas into the
processi ng chanber and maintaining a ratio of atomc-nitrogen flowto
t he at om c- ar gon4f | owlof mebodvetriaidbt Yhanth thdSmBan substrate temperature is

maintained at 500°C or below.

5. The method of claim 1 wherein the mean pressure in the processing

chamber is about 15 mTorr or less.

6. The method of claim 1 wherein the wet etch rate of the deposited silicon

nitride film using a hydrofluoric acid solution (1% HF in water) is less than 5A/min.

7. The method of claim 1 wherein the growth rate of the deposited silicon

nitride film is greater than about 500A/min.

8. The method of claim 1 further comprising flowing argon gas into the
processing chamber and maintaining a ratio of atomic-nitrogen flow to the atomic-argon flow of

between i5:1 and 15:2.
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9. The nethod of claim1l wherein the high density plasma RF power is
between 5 and 15 watts per square centinmeter of substrate surface.
10. The nmethod of claim| wherein the high density plasma RF power is
between 5.5 and 10 watts per square centineter of substrate surface.
11. The method of claim 1l wherein the step of form ng the high
density plasma dges ngf. BliAg &M Iaéﬂ@eih‘?ﬂ@ﬁigﬁdédﬂﬁy?léé?lﬁ%_ﬁgtpﬁe\»{éﬁfs' ng

deposition of the silicon nitride film od of
cl ai m betwher 2iml theatkDRr QYBrqreotmser hbsbstraiepoiice.i on to sputter ratio
of greater than about 50: 1. 13. The method of claiml
wherein the procgss 1 [:S | . i.at omi.c pictrogen
(N2) and at Ieasﬁfongﬂ%angétgér%%ectl%%l Ig‘?g%%lhz%gkgglgg %ﬁgyggs%? Fg e rSFH4),
di si | abaweSi 256hd 1@mvdttshSA sqidrSeddB)ridjer of substrate surfacel4. A net hod of

depositing a silicon nitride filmon a substrate disposed in a

processi ng chanbgr usin - CVD process, C ri sing: . .

f1 owi ng di at oni cﬁni tmﬁgﬂgt‘@@{w ‘ﬁgﬁflf"lflélﬁe %@304@‘6%3% Sedighdersity ane
( Si H4) pMkrhd dGesSREWAChE Psasink @W4rad Be kils@ate AariRg 0§R5SLAST GBAMREK nitfdd €
mai ntai_ning a nean ratio of the first gas flowrate to the second gas

flow r &% of about 25:1 or greater, maintaining a nmean pressure in
t he processi ng chanber is about 40 niforr or |ess and nmaintaining a

nmean substrate tgnpergleth&h® ofRPHf 106hdrGWREe HBRCVD process has a deposition to
formng a high density plasma fromthe process gas to deposit lghe

si | i copputiex refigef gicpter Borpbauhé0:dubst rat e substrate wherein the high
density plasma has an ion density on the order of 1011 ions/cn8 or

" " nas an | h ‘ -
greater and an | Izafﬂe%etfl(m%?ﬁ I?ﬂhél&ﬁ tfY éi%ées%as?x&txﬂ%ﬂs.c.%(n?ﬁéegg of

15. The_ met hod of claim 14 e nean rati oo irs
f | ow r diatontionittegers 860 aall gdsast drevgas fbm the gabputnsddingof glaeafSiH,), disilane

16. The.. ho f I 4 wherein the nean ratio of the first gas
fl ow rgﬁlé{%’@nﬁﬂg[\s@ég@%ﬁs flowrate is about 40 or greater.
17. The method of claim 14 wherein the nmean substrate tenperature is

mai nt ai ned at 50DC orA heklod.of depositing a silicon hfrideThilen 6®4 badirak dihademid
wherein the. mean gres,surm]gchafﬁlgr ocessi ng chanber is about 15 nilorr
or | esBrocessing chamber usig a Befer QeBLOEPATHE 18 wherein the wet etch

rate of the depositedisiihj; 8RRk hftxio%@n 6 MiMsi 06 As A¥ELRE LHO L fe GG
solution (1% HF in water) is less than gA/mn.. _
with a second gas flow rate 1nto the processing chamber while maintaining a mean ratio of the
first gas flow rate to the second gas flow rate of about 25:1 or greater, maintaining a mean
pressure in the processing chamber is about 40 mTorr or less and maintaining a mean substrate
temperature of 600°C or lower; and
forming a high density plasma from the process gas to deposit the silicon
nitride film over the substrate substrate wherein the high density plasma has an ion density on the

order of 10" ions/cm® or greater and an ionization fraction on the order of 10 or greater.

15.  The method of claim 14 wherein the mean ratio of the first gas flow rate to

the second gas flow rate is about 30 or greater.

16.  The method of claim 14 wherein the mean ratio of the first gas flow rate to

the second gas flow rate is about 40 or greater.

17.  The method of claim 14 wherein the mean substrate temperature is

maintained at 500°C or below.
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20. The nethod of claim 18 wherein the growh rate of the deposited
silicon nitride filmis greater than about 500A/ m n. 21.
The nmethod of claim 18 further conprising flowing argon with a third
gas flowrate into the processing chanber while maintaining a ratio
of the first gas flowrate to the third gas flow rate of between 15:2

and 15:4. 18.  THPmethBEofBLRPL Qherbih@dhdf WOSLLIA e 0&5%
density plasma RF power is between 5 and 15 watts per square
cent i mehambesis abguistrmTer sukbnce. 23. The nethod of claim

18 wherein the high density plasm RF povver is between 5.5 and 10
watts per squarejgentiyel f)fcfléri Bt

nmet hod of claim 198: \/\/r:l(;rel g&l? e st %3%8@6 orm r%?'?ﬁ%hrﬁe O%thadlgpwtt&ﬁgﬂicon
pl asmandoésiiinotsiig abydrd@ugpicasimotutivna s Hihe veudys tsrles ehadlﬁrﬁl/m

deposition of the silicon nitride film 25. The rrethod of
claim 18 wherein,ihe Hb D cess, h 0
ratio of greater (% han aeb 0%8{ Q5SS ﬁlerem Y row a% oftthe fe%os&eg silicon

nitride film is greater than about 500A/min.

21. The method of claim 18 further comprising flowing argon with a third gas
flow rate into the processing chamber while maintaining a ratio of the first gas flow rate to the

third gas flow rate of between 15:2 and 15:4.

22, The method of claim 18 wherein the high density plasma RF power is

between 5 and 15 watts per square centimeter of substrate surface.

23, The method of claim 18 wherein the high density plasma RF power is

between 5.5 and 10 watls per square centimeter of substrate surface.

24, The method of claim 18 wherein the step of forming the high density

plasma does not bias the plasma towards the substrate during deposition of the silicon nitride
film.

25.  The method of claim 18 wherein the HDP-CVD process has a deposition

to sputter ratio of greater than about 50.
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