METHODS OF THIN FI LM PROCESS CROSS- REFERENCES TO RELATED APPLI CATI ONS

[ 0001] This application clainms the benefit of U S. Provisional Application
No. 5 60/869,066, filed Decenber 7, 2006. This application is also related
to the U S. Patent Application filed on the sane day as the present
application having Attorney Docket No. A11598/T76820, titled "Milt-step
Dep- Et ch-Dep Hi gh Aspect Ratio Process for Dielectric Gapfills."” The entire
contents of both application are herein incorporated by reference for all
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Janaki raman et at, A _&Wé 'Wﬂ ON OF REMOTE
PLASVMA GENERATOR V\F‘F@ﬁ %@gﬁ% .7 This application
is related to and co-assigned U S. Patent No. 6,830,624 to Janakiraman et

al ., i sp00ed] Daten@eplicdion’d8itns Biebenefit 66U BIPGIsR AL AdplR4tiBAN. FOR REMOTE
PLASVA %k " Thi's écpploi cati osn is al slo related to co--;is%si gnedspsl}.)s. Pat ent
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device el enents have to work closer together which can increase the chances
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DIELECTRIC GAPFILL.” This application is related to co-assigned U.S. Patent No.
6,387,207 to Janakiraman et al., issued May 14, 2002, and titled "INTEGRATION OF
REMOTE PLASMA GENERATOR WITH SEMICONDUCTOR PROCESSING
15 CHAMBER." This application is related to and co-assigned U.S. Patent No. 6,830,624 to
Janakiraman et al., issued December 14, 2004, and titled "BLOCKER PLATE BY-PASS
FOR REMOTE PLASMA CLEAN." This application is also related to co-assigned U.S.
Patent No. 5,558,717 to Zhao et al., and titled "CVD PROCESSING CHAMBER." The

entire contents of both related applications is hereby incorporated by reference for all

20  purposes.

BACKGROUND OF THE INVENTION

[0003] Semiconductor device geometries have dramatically decreased in size since
their introduction several decades ago. Modern semiconductor fabrication
equipment routinely produces devices with 250nm, 180nm, and 65nm feature sizes,
25 and new equipment is being developed and implemented to make devices with even
smaller geometries. The smaller sizes, however, mean device elements have to work
closer together which can increase the chances of electrical interference, including

cross-talk and parasitic capacitance.



metal |ines, and other device features. The aspect ratio of a gap is defined
by the ratio of the gap's height or depth to its wdth. These spaces are
difficult to fill using 5 conventional CVD nethods. Afilms ability to
conpletely fill such gaps is referred to as the films "gapfilling"
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within the 2 “substrate supp destal” that enablfes the creation of an
el ect rigystdmd gerierally @petdte at lower pressure ranges than low density plasma

systems. The low chamber pressure employed in HDP-CVD systems provides active
species having a long mean-free-path and reduced angular distribution. These
factors, in combination with the plasma's density, contribute to a significant number

20  of constituents from the plasma reaching even the deepest portions of closely spaced
gaps, providing a film with improved gapfill capabilities as compared to films

deposited in a low density plasma CVD system.

[0006] Another factor that allows films deposited by HDP-CVD techniques to have
improved gapfill characteristics as compared to films deposited by other CVD

25  techniques is the occurrence of sputtering, promoted by the plasma's high density,
simultaneous with film deposition. The sputtering element of HDP deposition slows
deposition on certain features, such as the corners of raised surfaces, thereby
contributing to the increased gapfill ability of IDP deposited films. Some HDP-CVD
systems introduce argon or a similar heavy inert gas to further promote the

30 sputtering effect. These HDP-CVD systems typically employ an electrode within the



pl asma toward the substrate. The electric field can be applied throughout
the HDP deposition process to generate sputtering and provi de better
gapfill characteristics for a given film One HDP-CVD process conmonly used
to deposit a silicon oxide 5 filmfornms a plasma froma process gas that
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| ayer. A 20 second dielectric layer is forned to substantially fill the at
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exenpl ary enbodi nent, form ng the first dielectric layer includes formng a
silicon oxide |ayer. 25BREEHIVUMMARYOKHTHEINGENIXOMD! ary enbodi nent,

interacting the portion of the first dielectric layer with a reactant

i ncl udes,.h@ni zi ng f.he first precursor.and the secon recursor; and
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dielectric layer is formed on the features and within the at least one space. A portion

of the first dielectric layer interacts with a reactant derived from a first precursor and
a second precursor to form a first solid product. The first solid product is
decomposed to substantially remove the portion of the first dielectric layer. A

20  second dielectric layer is formed to substantially fill the at least one space.

[0009] Accordingly to an exemplary embodiment, forming a plurality of features comprises

forming at least a plurality of trenches, conductive lines, openings and transistor gates.

[0010] Accordingly to an exemplary embodiment, forming the first dielectric layer includes

forming a silicon oxide layer.

25 [0011] Accordingly to an exemplary embodiment, interacting the portion of the first
dielectric layer with a reactant includes ionizing the first precursor and the second precursor;
and interacting the ionized first precursor and the ionized second precursor with the portion

of the first dielectric layer.



[ 0013] Accordingly to an exenpl ary enbodi nent, interacting the portion of
the first dielectric layer wwth a reactant includes interacting the portion
of the first dielectric layer with 5 the ionized first precursor and the
second precursor. [0014] Accordingly to an exenplary enbodi ment, the first

precur IS |tr rifluo re

hydr ogjﬁéﬂluo‘gfcé’é ?ﬁﬁ)&)%? A lﬁ% ena%’dgﬁgnt?@gf%s?% SP&? %1‘98#18?&%[ je§{gn“pl ary
enbodi MedfecohdprRE@edd i @ittdpen pflddride (NF;)t he first dielectric layer with a
reactant includes interacting the portion of the first dielectric layer wth

10 the t r C gly to an
exerrpl Bbh@ Réc% gglt?%gg’?érq@ %@é@%@%@ ltdée?%& [tﬁ’egl}n%k]g@fs?ﬁ{e f'he second
precur &Iildsledtﬁc hiyer wigha rédctemt nd:@deHﬁiteraétﬁ@JtH(} péition od threcfirgt dieleethic dayerpiitar y
enbadi nent, formng the first dielectric |ayer conprises formng a silicon
ni t Pi dehe 1gpized firss PFWQ?I%@GISE‘P(WSIPFWO% exenpl ary embodi nent, interacting
the portion of the first dielectric layer wwth a reactant includes ionizing
the fir[6014)r escoosdinglyrid aﬁbﬁemplaty‘dnmydmentsthe first poetursor & witrb gemrifloerigor t i on
of the I|con nitri ela thth gfirst pr rsor and the

" oni zedXEekaHdh prese EP?F“ Hydrogee P@FW paa@m%mary enbodi ment, the
first precursor is hydrogen (H2) and 20 the second precursor is nltrogen
trifludpors (ARE))'dingISVOQ@h ekemplaryi engbhodirmentainteracdimg|tl yortioh ofl thexfirst,

deconposi.n .t e t solid uct includes ther reatJ the first
o 10" SHIERIED 16" Wi errasrianh HEEs B raRhTS (PrBORIOR OF M BLic P BT Wid021 1
Acqgr d'tﬂ@h}’sthfé é@éc%n%?t&% sBgnt, the method further includes formng
a 8er t

5 I'Iner |rst l'ectric Iayer wherein an etch selectivity of
the fir ect ayer to  the |linp i out 8:1 or nore, 2
accor ci g+ Bﬁlé(ﬁﬁlaareiie’@ﬂ]ﬁ%? ety e HERhRbt o oF L pmp e (oL ald
i nteraghé 8o gg?ﬁxg piﬁhg Qﬁﬂhbﬁl@é’ 3t h a reactant derived froma third

precursor an ursor to enerate a second solid product; and
roduct Lo repove t of the liner

d i th t )
4?832%?"&800‘?&% P§f}48%§r‘?lx‘ér}?£]ﬁﬁf iy o tOREHE ﬁésqrﬁigeﬁr : OP’{XFrt her incl udes
I Nt er acohfpises forming a silicon nitride layer.

15 [0018] Accordingly to an exemplary embodiment, interacting the portion of the first
dielectric layer with a reactant includes ionizing the first precursor and the second precursor;
and interacting the portion of the silicon nitride layer with the ionized first precursor and the

ionized second precursor.

[0019] Accordingly to an exemplary embodiment, the first precursor is hydrogen (H;) and

20  the second precursor is nitrogen trifluoride (NF5).

[0020] Accordingly to an exemplary embodiment, decomposing the first solid product
includes thermally treating the first solid product to substantially sublimate the first solid
product.

[0021] Accordingly to an exemplary embodiment, the method further includes forming a
25  liner under the first dielectric layer, wherein an etch selectivity of the first dielectric layer to

the liner is about 8:1 or more.

[0022] Accordingly to an exemplary embodiment, the method further includes interacting a
portion of the liner with a reactant derived from a third precursor and a fourth precursor to
generate a second solid product; and decomposing the second solid product to remove the

30 portion of the liner.



anot her portion of the first dielectric layer wwth a reactant derived froma
third precursor and a fourth precursor to generate a second solid product;
and deconposi ng the second solid product to renove the another portion of
the first dielectric layer. 5 [0024] Accordingly to an exenpl ary enbodi nent,
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may be repeated for one or more additional cycles of etching and depositing dielectric layers.

Ko o

For example, a portion of the second dielectric layer deposited at the end of the above-

20  described method may further interact with the reactant to form a second solid product that is
sublimated in a thermal treatment to remove that portion of the second dielectric layer. A
third dielectric layer may be formed on the remaining (i.e., non-etched) portion of the second
dielectric layer. Additional etching and dielectric deposition cycles may be performed until a
final dielectric layer is deposited that substantially fills the remaining spaces (e.g., a dielectric

25  cap layer).

BRIEF DESCRIPTION OF THE DRAWINGS

[0028] A further understanding of the nature and advantages of the present

invention may be realized by reference to the remaining portions of the specification

and the drawings wherein like reference numerals are used throughout the several
30 drawings to refer to similar components. In some instances, a sublabel is associated

with a reference numeral and follows a hyphen to denote one of multiple similar



5 conponents. Wen reference is nade to a reference nuneral w thout
specification to an existing sublabel, it is intended to refer to all such
multiple simlar conmponents. [0029] FIGS. | A-1D are schenmatic draw ngs
showi ng an exenplary process nethod for formng an exenplary shallow trench

i solation struct . 5 [0030].FIG, 2 is schemati c. drawi ng show ng an
exenpl aﬁoynm%mﬁ%%\fre{f%ﬁm% mAde f@ FRieETFC M PV PPaET R
struct 3..0:S: ' I r . cess
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sinplifired @i agram of’ an exenplary system nonitor/ controller conponent of

athin filmdeposition system 15 [0035] FIG 6 is a schematic
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[ 0037] FI &s 1A-1D are schematic draw ngs show ng an exenpl ary process

nmet hod f i an exenpl ary shallow trench isolation structure. FIG 2
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[0034] FIG. 5B is a simplified diagram of an exemplary system monitor/controller

component of a thin film deposition system.
15 [0035] FIG. 6 is a schematic cross-sectional view of an exemplary etch system.

DETAILED DESCRIPTION OF THE INVENTION

[0036] Systems and methods are described for forming at least one dielectric layer
over at least one feature, e.g., transistor gate, formed across a surface of a substrate.
A portion of the dielectric layer interacts with a reactant derived from a first

20  precursor and a second precursor to form a solid product. The solid product can be
decomposed so as to substantially remove the portion of the dielectric layer.
Another dielectric layer then may be formed over the etched dielectric layer, such
that the aspect ratio gaps and/ or trenches may be filled with dielectric materials

substantially without gaps or seams.

25  Exemplary Processes

[0037] FIGS. 1A-1D are schematic drawings showing an exemplary process method

for forming an exemplary shallow trench isolation structure. FIG. 2 is a schematic



isolation structure. [0038] Referring to FIG 1A, at |east one feature 115
is formed across a surface of a substrate 100. The features 115 can be, for
exanpl e, transistors, transistor gates, trenches, 5 openings, gaps,
conductive lines or other feature that has an aspect ratio of about 5:1 or
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silicongsubshicpfiRtud !!1-V conpound substrate, a silicon/germanium (Si Ge)
substrate, an epl-substrate, a silicon-on-insulator (SO) substrate, a
di splay _substrate such _as_ a liquid crystal. display (L a plasma displ ay,
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100. In 8038 errb%i nment s, t_lhe pad. .dielectric layer 105 is nitride and the
pad di P8 PPY mm, APQmmy efc; silicppwater); n sone enbodi ments, the pad dielectric

| ayers 105 and 110 can be different dielectric materials which have a 25
desi r ed[0089]h Refemirg toi RIG. 2] @40ekempRet eracess (0dfoFfoBBingldh sialo® treatlep 220 can

format. | east one dielecirjc |la ugch diglectric.la 120,..over the
{ renchelsolaen SR ot Belide Stepa g 10218 05ten AT0 i Brma Al Mrrdiee 148 ¢ he

tr hesrdska shffaddWrShe dlbsiragneobes 115a. The dielectric |ayer 120 can
i nclude at | east one of a silicon oxide |ayer, a silicon nitride |ayer,

ayer I Belmi Ahid 1 47 o IR Bnd ol Bege nBY Tha bt Rl oS oD |
oxi de, SHMAR Bfndd Glr ARALGLHrAAT10R B BRREIHoHN s, AKicd& ont PATBielectric layer
110, such as pad nitride, can be formed over the pad oxide 105. The pad dielectric layers 105
and 110 can be formed, for example, by a chemical vapor deposition (CVD) process, a
20 thermal process and/or other process that can desirably form a dielectric film layer. In some
embodiments, the trenches 115 can be formed by an etch process which removes portions of
the pad dielectric layers 105, 110 and the substrate 100. In some embodiments, the pad
dielectric layer 105 is nitride and the pad dielectric layer 110 is oxide. In some embodiments,
the pad dielectric layers 105 and 110 can be different dielectric materials which have a
25  desired etch selectivity.

[0041] Referring to FIGS. 1B and 2, step 220 can form at least one dielectric layer, such as
dielectric layer 120, over the trenches 115. The dielectric layer 120 can reduce the
dimensions of the trenches 115 to those of trenches 115a. The dielectric layer 120 can
include at least one of a silicon oxide layer, a silicon nitride layer, silicon oxynitride layer, a
30 silicon oxycarbide layer and other dielectric layer. In some embodiments, the dielectric layer
120 can be thermal CVD oxide, such as high aspect ratio process (HARP) oxide, eHARP
oxide, atmosphere pressure CVD (APCVD) oxide, or high temperature undoped silicate glass



oxi de, atnosphere pressure CVD (APCVD) oxi de, or high tenperature undoped
silicate glass 7 (HTUSG ; high density plasma (HDP) oxide; plasma-enhanced
CVvD (PECVD) oxide; furnace deposited oxide, such as high tenperature oxide,
medi um tenperature oxide or low tenperature oxide; atom c |ayer deposition
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dielectric |ayer 120 c fQr over t pad dielectric |ayer 110, such
that t het dengise byl ma?ﬁdgsﬁagéd WS ﬁr&wpe(ﬁﬂaha 1o FRRABERRA/ or

bottom ﬂl@gﬂ&f)(yiaﬁ]&l hfsﬂ%&%aﬂ-ﬂéﬁde Si;(EtO)4(Me), tetracthoxy-dimethyl disilanes,
Siz(EtO)4(Et), tetracthoxy-diethyl disilanes, Si>(EtO),(Me), diethoxy-tetramethyl disilanes,
20  Siy(MeO)4(Me), tetramethoxy-dimethyl disilanes, and Si;O,(Me)s methyl
cyclohexylsiloxanes, Sig(MeQO)s(Me)s methoxy-methyl cyclohexylsilanes, SigO,(Hz)4 hydro-

cyclohexylsiloxanes. In some embodiments, the alkoxy-acetoxy disilanes may include
Siz(AcO)g acetoxy disilanes, Siz(Me)4(AcO), tetramethyl-diacetoxy disilanes, and
Si;(Me),(AcO), dimethyl-tetracetoxy disilanes, where Ac denotes acetyl group. In some

25  embodiments, the polysilanes may include cyclopentylsilanes or other subinstitutes.

[0043] In some embodiments, the dielectric layer 120 can be formed over the pad dielectric
layer 110, such that the trenches 115a may have a top gap smaller than the middle and/or
bottom gap of the trenches 115a.

[0044] Referring to FIG. 1C, an etch process 130 can remove a portion of the dielectric

30 layer 120, such that the etched dielectric layer 120a can have tapered sidewalls along the
trenches 115b. In some embodiments, the etch process 130 can include steps 230, and 240
shown in FIG. 2. Step 230 may interact a portion of the dielectric layer 120 with a reactant to



[0044] Referring to FIG 1C, an etch process 130 can renove a portion of the
dielectric 30 layer 120, such that the etched dielectric |ayer 120a can
have tapered sidewalls along the trenches 115b. In sonme enbodi nents, the
etch process 130 can include steps 230, and 240 shomn in FIG 2. Step 230
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an angle between slanted sidewalls of the trenches 115b and a bottom of the trenches 115b

about 87° or less.

20 [0046] In some embodiments, NH; may have a flow rate between about 10 standard cubic
centimeter per minute (sccm) and about 1,000 sccm. In some embodiments, NH3 may have a
flow rate of about 100 sccm. NF; can have a flow rate between about 10 sccm and about
1,000 sccm. In some embodiments, NF; may have a flow rate of about 100 sccm. The
process temperature can be between about 0 °C and about 80 °C. In some embodiment, the

25  process temperature can be about 30 °C. The process pressure can be between about 1
millitorr (mTorr) and about 1 atm. In some embodiments, the process pressure can be 3
Torrs. The plasma power can be between about 10 Watts and about 2,000 Watts. In some
embodiments, the plasma power can be about 45 Watts. The interaction of plasma of NH;

and NF; can be represented by the formula described below:

30 NHs(g) + NF3(g) > NH4F() and/ or NHsFy . HF )



mllitorr (mlorr) and about 1 atm In sone enbodi nents, the process pressure
can be 3 Tons. The plasma power can be between about 10 WAtts and about
2,000 Watts. In sone enbodinments, the plasma power can be about 45 Watts.
The interaction of plasma of NH3 and NF3 can be represented by the formula
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furnace, a rapid thermal anneal (RTA) apparatus, or other thermal apparatus. The

decomposition and/or sublimation of the solid product (NF4),SiFs may be described as the

following formula:
20 (NF4)2SiFs(s) > SiFa(g) + NHag) + HF(g)

[0049] Additional embodiments of a method to remove the solid product may include the
steps of rinsing the product containing substrate with an aqueous solution (e.g., purified
water) in lieu of sublimating the product with a thermal treatment. The substrate may also be
rinsed with a polar solvent such as ethanol or glycol in lieu of (or in addition to) the aqueous

25  solution rinse.

Exemplary Embodiment 2

[0050] Insome embodiments, the dielectric layer 120 can be a silicon oxide layer. A first
precursor can be, for example, hydrogen (H;), ammonia (NH3), hydrazine (N;Hg), hydrazoic
acid (HN3), other hydrogen-containing precursor and various combinations thereof. A

30  second precursor can be, for example, hydrogen fluoride (HF), nitrogen trifluoride (NF3),
silicon tetrafluorid (SiF,), tetrafluoromethane (CF,), fluoromethane (CH3F), difluoromethane

10



25 solution rinse. Exenplary Enbodi ment 2 [0050] In sone enbodi nents, the
dielectric layer 120 can be a silicon oxide layer. A first precursor can
be, for exanple, hydrogen (H2), ammonia (NH3), hydrazine (N2H4), hydrazoic
acid (HN3), other hydrogen-contai ni ng precursor and various conbinations
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[0052] Insome embodiments, NH3 and HF can be introduced into the chamber for

interacting with a portion of the silicon oxide layer. NH; and HF may interact with silicon
oxide to form a solid product, e.g., (NF4):SiFg(). In some embodiments, the substrate 100 is

20  disposed over a pedestal having a temperature between about -100°C and about 1,000°C (e.g.,
about -50°C to about 200°C). In other embodiments, the pedestal may have a temperature of
about 30°C. The temperature of the pedestal may desirably enhance the interaction of the
plasma and silicon nitride. The interaction of the silicon oxide and the plasma can be

described as the following formula:
25 NH4F() and/ or NHsFy . HF(5) +SiO2) < (NF4)2SiFgs) + H20

[0053] Referring again to FIG. 2, step 240 can decompose the solid product, (NF,),SiFs. In
some embodiments, step 240 can include thermally treating the solid product to substantially
sublimate the solid product (NF;),SiFs. In some embodiments, the thermal process may be
carried out by approaching the solid product (NF;),SiFg to a showerhead, which may be

30 operative to provide a process temperature between about -100°C and about 1,000°C (e.g.,
about -50°C to about 200°C). In an embodiment, the process temperature is about 180°C. In
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pl asma and silicon nitride. The interaction of the silicon oxide and the

pl asma can be described as the following formula: 25 N -14F(s) and/or
NHAFy. HFt sl +Si 02(s) 4 (NF4)2Si F6(s) + H20 [0053] Referring again to FIG 2,
step 240 can deconpose the solid product, (NF4)2SiF6. In some enbodi nents,

step 24Q can,include thermally treating the saolid.product to substantially
subl | e EREoRESE ledfE plocki TR oL R sEihls, APoWHe  her mal

pr oces Sufiive, A@apid @drindDarieh] (RTDRPPAAEK] dtdthdtehdilal shparaeiCthe NF4) 2Si F6 to a
shower head, which y be 30 operative to provide a process ter@Eerature
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rinse. Exenplary Enbodi nent 3 [00551 I n sone enbodi ments, the dielectric

| ayldr 1lien of 4ot ip@ddition to)dbe agHepns spdutionmnse. A first precursor can be, for
exanpl e, hydrogen (H2), anmonia (NH3), hydrazine (N2H4), hydrazoic acid

(HN3) , Bicheplaby BhtsiRlime@nBai ni ng precursor and various conbi nations thereof.
A 15 second precursor can be, for exanple, hydrogen fluoride (HF), nitrogen
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trifluoride (NF3) can,be.ionized.,as a 2 l.as l.n sone.enbadinents, the
oS, s verr it SEh RS et SRRaff B tuteR RuBu AT i oRel Birtonad o0E)
silicon tetrafluorid (SiFy), tetrafluoromethane (CF,), fluoromethane (CH3F), difluoromethane
(CH,F,), trifluoromethane (CHF?3), octafluoropropane (CsFs), hexafluoroethane (C,Fs), other

fluorine-containing precursor or various combinations thereof. A first precursor such as
hydrogen (H;) and a second precursor such as nitrogen trifluoride (NF3) can be ionized as a
20 plasma. In some embodiments, the ionization process can be occurred within the chamber
that deposits the dielectric layer 120. In some embodiments, the ionization process can be
occurred externally and then introduced into the chamber that deposits the dielectric layer
120. In some embodiments, the etch process 130 can be performed within an etch chamber

different from the deposition chamber.

25 [0056] Insome embodiments, NF; may have a flow rate between about 10 standard cubic
centimeter per minute (sccm) and about 1,000 sccm. In some embodiments, NF; may have a
flow rate of about 100 sccm. H, can have a flow rate between about 10 sccm and about 3,000
sccm. In some embodiments, H, may have a flow rate of about 600 sccm. The process
temperature can be between about 0 °C and about 80 °C. In some embodiment, the process
30 temperature can be about 30 °C. The process pressure can be between about 1 millitorr

(mTorr) and about 1 atm. In some embodiments, the process pressure can be 3 Torrs. The
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that deposits the dielectric layer 120. In sonme enbodi nents, the ionization
process can be occurred externally and then introduced into the chanber
that deposits the dielectric layer 120. In sone enbodi ments, the etch
process 130 can be perfornmed within an etch chanber different fromthe
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enbodi n9AS8], Bekepimmagabute Hlke Ruster 24(ganalecgmposedhe sedidipedust| (NF4pSiFeubt t o

b i all bl i h N d F4) 2Si F6. | nbodi ,
he. t hoit crihe e T 340 Gn TRUHRERTY sl 550 picd P SuBTRE Y e
( NF4) 2Siubfimate the wm@bm@ggtcsipm Feynieembddihdits, e thermdl PYoddss RaPbeOCess

t enper at ure bet ween about and about 1,000C . In an enbodi nent, the

pr olde s scarredoeut &y @pproaching thetsolig pedurt(NFihEF s dorb shiowierheasl, which maeberal

P Lg?ﬁ;lsop%ﬁ%iélgﬁo %%r}lr .eeadprggéss li)ééflpefré)c{ueeoxegvnpénedbo%n—58*?gﬂd :ﬁ)ofu‘fj i ,@8&‘% atnapi d
embodiment, the process temperature is about 180°C. In other embodiments, the thermal
process may be carried out by, for example, an oven, a furnace, a rapid thermal anneal (RTA)
apparatus, or other thermal apparatus. The decomposition and/or sublimation of the solid

20  product (NF,),SiFs may be described as the following formula:
(NF4)2SiFe(s) = SiFa(g) + NHa(g) + HF(g)

[0059] As noted above additional embodiments of the method to remove the solid product
may include the step of rinsing the product containing substrate with an aqueous solution
(e.g., purified water) in lieu of (or in addition to) sublimating the product with a thermal

25 treatment. The substrate may also be rinsed with a polar solvent such as ethanol or glycol in

lieu of (or in addition to) the aqueous solution rinse.

[0060] Referring again to FIG. 1C, the pinch-off and the negative profile of the dielectric

layer 120 may be substantially eliminated. The etched dielectric layer 120a may have a

desired profile, such that a subsequent dielectric layer such as dielectric layer 140 (shown in
30 FIG. 1D) can be desirably formed within the trenches 115b.
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apparatus, or other thernmal apparatus. The deconposition and/or sublimation
of the solid 20 product (NF4)2Si F6 may be descri bed as the foll ow ng
formula: (NF4)2Si F6(5) 4 SiF4(g) + NI-13(g) + HF(g) [0059] As noted above
addi ti onal enbodi ments of the method to renove the solid product may
include the step aof rin na&t roduct cont ai ni_n str an aqueous

sol uti d@06Yle. ReferppgiqF |SF?PI21 gga%fommp}%cm ?qugﬁgf’&?” ®ibl i mating

the pro I ’%!"ﬁ’(? del Nsed
with a %&%grd{\és}% ch}]apgi‘y% fﬁéed% ano?ﬁ Erl ofb?ﬁ}rﬁjl% &Q‘B%’e ta"A(agdl tion
to) t hemtrqi&eo»qsntmdb dowdadieleatie. m@teﬁﬂ;)l}ltrﬁldacﬁmkrdwigctag manertad), dthés didledfic t he

pi nch-of f and the ne atlve pr he diel ectric ayer 1 be

subst anfipigHhor FRRY O}Eﬁfiq(%eg'ga bq?f'é?EffcrlPXefl 140)dnay %@%‘ig}‘rgﬁ %

desisg e |electr|c
Iayesr * Eséhg\?nv? (;?}(%ES}I;Qtcsipﬁ1 %dﬁ%éﬁ}bgggsdggﬁrgﬁth&d Fh c?& %Veagﬁemt'é&@é‘gﬁhég trenches
115b. dlele{:tﬁeﬁsab]er BRetaiaquis egmbmafidi33hertdf. dncoe eatbegin?éis, d:lzmr‘dlélecmméa}«b'r el ectric
| ayer 14 r the ed .dielectric Ia 120a. el ect | ayer 140
my be FaigeshermebEVERGHR éucfb%\ e asniiipticiBrocessy MARD GSds, BHARTEY ol cor ri o
mat er i ahyidd) |aﬁﬁ@st1)hél’é" pesdhr! gD, _I( Qfx'uﬁ:l or Fﬁ%mﬁgrﬁhf‘ec&fdoged SRERE gﬁks or

vari ous conbi nations thereof The d| Iectrlc ayer 140 ma e forned by, for

y
5 ex ar‘rpﬁEEU%GI;‘lithmenmejsp],asma é[}iDB) oxide,ipignpranheseed OV Be(PEﬁ’ﬁ’ﬂ])mztidehat is
ted.to f

l ectric,. er or vari, ou onbi nati on re I n sonme
L e Sepsited SxGecueh of bigh féitny G o BIPRREU O S T s

h| gh asffpf L r s ol D RS QAR € pressure
CvD (AP%/BEraglgl bQ{dEog%&alﬁgltenpaésrlg%ﬂqu undopeéIn glé Eg)tﬂgégtl}gss (HTUSG), high

densi t yerplbcahmants,HDP)hebectrdel,aygl ldﬁman bqrfanwmmhIIPE(Giﬂa:‘mn)rldmume dépokitednace

dep05| t Xi medi u erature oxide or
| ow ahg)%emﬁig%d errg? %@ a&ﬁ ofhet m?ﬁl ﬁbn;)nbend ot her

OXi de érﬁb&d;ﬁentsecﬁbawl&&m Ryert 149 rﬁl‘i}%ee&feﬂeﬁ td aé/@fugia é‘c@thféeproée% exanpl e,
PECVD nitride, furnace deposited nitrid e, HDP nitri thermal CVD nitri de,

ALO i t (HARP) capdaysrh Sincaithe pideh-offiand oegative pmfde nﬁﬂmsi,lelcdﬁnc thiyet B2t (shawi ayer

140 may. r s a hi as oce s,15 | ayer.
S nce L rd g Sehissmbsist sy e urheiree Byef 1Y GREPE dpstrb e (2hown
in Fl G ﬁbbéﬁvegﬁlt}gmqﬁélyctﬁ@mgﬁfhoat he dielectric |ayer 140 may be
desirablyfilled within the gap between the etched dielectric |ayer 120a.

[0062] In some embodiments, an etch-back process and/or chemical mechanical
planarization (CMP) process is performed to substantially planarize the top surface of the

20  dielectric layer 140.

[0063] FIG. 3 is a schematic flowchart of an exemplary process for forming an exemplary
trench isolation structure. Referring to FIG. 3, steps 310, 320, 330, 340, and 350 are similar
to steps 210, 220, 230, 240, and 250 described above in conjunction with FIG. 2,

respectively.

25 [0064] InFIG. 3, step 312 may form a liner before forming the dielectric layer 120. In
some embodiments, the liner can include at least one of a silicon oxide layer, a silicon nitride
layer, a silicon oxynitride layer, a silicon oxycarbide layer and other dielectric layer. In some
embodiments, an etch process may have an etch selectivity of the dielectric layer 120 to the

liner about 8:1 or more.

30 [0065] Insome embodiments, the liner is oxide and the dielectric layer 120 is nitride. For
embodiments using plasma reaction, the etch selectivity of the dielectric layer 120 to the liner

can be modified by changing process temperatures, plasma powers, NF3 flow rates, NH; flow
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[0062] In sone enbodi nents, an etch-back process and/or chem cal nechani cal
pl anari zation (CWP) process is perforned to substantially planarize the top
surface of the 20 dielectric layer 140. [0063] FIG 3 is a schematic
flowchart of an exenplary process for form ng an exenplary trench isolation

Si i | arfees gREpOpbo BTt sl FasemBo e Moot tmd e 8 0P et on

wi t h FldglecBvity 65tBe aidlectidlayer220[t0 @fedinet M@o&ﬁe&b?@h&@nmcéﬁr ma |iner
before formng the dielectric |layer 120. In sone enbodinments, the liner can

i ncl udetenperapues, NEhdlays ragess HF| flaynragssi and/or R1asess piessiIe con nitride |ayer, a
silicon oxynitride layer, a silicon oxycarbide |ayer and other dielectric

| ayer. [0066J0NE soéichsashodimens, th@hﬁércihnmmahmiyslebﬁwelaya let)dshoﬁaé €Edr vity of
the dielectric layer 120 to the _liner about (500651 I n sone
enbddi r@nhoﬁlmﬁrﬁéwn&elrasm r%@rle@ theefch Fréefdivatb/@éth fhelp%tyeﬂam@ to theliperde. For

ayer 190 R aHRAAY B BRRBARIC BrmoEify ) PR 1ok NRY (Rl ol L BF L st

pl asma m&w@’orlbﬁaes‘slp@aysmt es, NH3 flow 14 rates and/ Oor process pressure.
For enbodi nents w thout using plasma reaction, the etch selectivity of the

di el ect b&7 | aﬁw (%avﬂl ttao{}gsd BHﬁé‘? fﬁ!‘caﬂ‘?{l@&@{ &gﬁﬂelb%nﬁ 03049 4B eSS

terrper ow rates an rocess pressure. [0066]
I n sorreﬁ@frtaaﬁnrdrpnbﬁrsoxtmi d foneth precursot to fdemarsdlid bmdiicellacsbmle@rﬂbaﬁmieniszo is
oxi de. For__ 5 enbodi nents using plasna reaction, the etch sel ectivity of the

di elfect stm31|4asﬁ§rbefzeﬂard° st 230 seirforth abovsdn corirnstion with E a7y $6p ploeass s

t enper fl f process
pr cesur SXbfiBosene R BB So rebolera JoBiGrRb G iz, T e EAYGEARAL, Rep 1COFFRE,
W th a 3saahdetsimitarity ep 240 descaibbd abayepn eanjusadionavith BIG.Qurt h precursor to
forma solid product. In sone enbodi nents, 10 step 314 can be simlar to

step 23@3 gr Ogﬁ§ ot ARV EmERs G0 é&is%ﬁﬁtdn‘a%l\ﬁ‘c%ﬁ'r{rﬁ@e a2por§$1?9fl§u]:e ngxﬂguéi’xeconpose

t he sol ct to renbve a portion I n some nment s
step 3thét thentched hmemrﬂlayrprbvnds1ae1ps®®rdﬁlemrvebaﬂ1chhimche]euﬁ1«:dayem 2o (showwi t h

of e TiHIGy (LGRS OGS HE VSRBRERS § | ard phg 8P BEtan qosie o || over
whi ch t ha b8 e tfeghﬁyﬁroﬁ?eoof(tﬁ@@i%ctnc layer 120 may be desirably eliminated.
[0069] FIG. 4 is a schematic flowchart of an exemplary process for forming an exemplary
trench isolation structure. Referring to FIG. 4, steps 410, 420, 430, 440, and 450 are similar
to steps 210, 220, 230, 240, and 250 described above in conjunction with FIG. 2,
20  respectively.

[0070] In FIG. 4, step 442 can interact another portion of the etched dielectric layer 120a
with a reactant derived from a third precursor and a fourth precursor to form a solid product.
In some embodiments, step 442 may be similar to step 230 described above in conjunction
with FIG. 2. Step 444 can decompose the solid product to remove the interacting portion of
25 the etched dielectric layer 120a. In some embodiments, step 444 may be similar to step 240

described above in conjunction with FIG. 2.

[0071] Insome embodiments, steps 442, and 444 can remove a portion of the etched

dielectric layer 120a, such that the etched dielectric layer 120a may provide a desired profile

over which the dielectric layer 140 (shown in FIG. 1A) can be formed. By using steps 442,
30 and 444 to etch a portion of the etched dielectric layer 120a, the pinch-off and the negative

profile of the dielectric layer 120 can be desirably eliminated. In some embodiments, steps

15



15 in FIG IA) can be fornmed. By using steps 314, and 316 to etch a portion
of the liner, the pinch-off and the negative profile of the dielectric |ayer
120 may be desirably elimnated. [0069] FIG 4 is a schematic flowchart of
an exenplary process for formng an exenplary trench isolation structure.
Referring to. FIG 4, steps, 410, 420, 430, 440, . and 450 are_simlar_ to steps
210, 222 2@%?%&@%%&6 afbcy giae pf e UIBENR aFhicvmfieRved Pevfileiol fhetaed o, 20
respect gjupbific 1hf9{90a.! N FIG 4, step 442 can interact another portion of the
etched dielectric layer 120a with a reactant derived froma third precursor

34 ay (ESE, RFEeE B b it BBionta BOCRG o b oPOREER B Ao i G b
Step 444bos8in EsieEees svitHEIGEP] Ad DPardna! Otifer nRARVER fof \EesirBbI§ARRd N9 portion

of 25 the etched dielectric layer 120a. In sone enbodi nentS, step 444 may be
si miJ ar dielgcicdpyersiwithiegaps ohepenangswé semicordictor substratesican bem@dified Has@l7 11 | n
sonme enbodi nents, Steps..442 n 44 can.renopve a _ porti of the ed

i 6l ect PR (el pPlamb uRbod RS SO oG s B e o 2r g ahowB iy
provi demay 86 SicoRsbrRe® WithetepRas- 4 iskdivi REFIG. &t6 abditably MY @lelebfit adown in
FIG | A) can be forned. By using steps 442, 30 and 444 to etch a portion of

t he et cwihindgjaps ecepeningsaf semicpnductarisubstiatesh- of f and the negative profile of
the dielectric layer 120 can be desirably elimnated. In sone enbodi nents,

st eps E%ﬂ?&rizﬁm%&ﬁ{b%g‘t&ﬁeat ed for one or nore tinmes to achieve a
desired profile o € etche relectric layer 120a. 100721 It is noted
that,th sent i.pvention is not . limted.to.the enbodi ents . descyi bed
abot 1 [DORSE Hirbesifi sk et donsPi dielechic Branay e REG S8 ooTa r abl y
fillingplstlh eheitaliva b@a@baﬁwﬁw-@ag s er®) BlHisid $nRince® Bh&RRAUGHOY
substra?es can be I’mglfl d based on the exenplary enbodi nents set forth

above. Heposition(PEC VD) isggiems sBbattosphenmcliemiéd] @apd depusititie (SACYPpor ated with

t 442- 444 in.FIG .4 to.,desirably fill dielectric | i t hi
SLops 4200 SO LTS, A0 eIt Kol L S St S s, i thin
st em 10shOMTSdRRRANIACPD sSiteine i ih9 imPRcAERASdimBndiof iRGhidiohaver may

i ncl ude high-density plasim chem cal vapor deposition (IDP-CVD) systens,
pl abia ewhsie detCENGRIRAULEAN™ DB SY Dicbamp &ESyatyms, \ant PRODYCBRAY nospheri ¢

chem Cai’E&Wéha?n%?s?s‘;}}s{e% sﬁ?ﬁa‘ a%v BiODUCERTM Celera™ PECVD, available from
Applied Materials, Inc. of Santa Clara, California.

[0074] Examples of substrate processing systems that can be used with exemplary
methods of the invention may include those shown and described in co-assigned

20 U.S. Provisional Patent App. No. 60/803,499 to Lubomirsky et al, filed May 30, 2006,
and titled “PROCESS CHAMBER FOR DIELECTRIC GAPFILL,” the entire contents
of which is herein incorporated by reference for all purposes. Additional exemplary
systems may include those shown and described in U.S. Pat. Nos. 6,387,207 and

6,830,624, which are also incorporated herein by reference for all purposes.

25  [0075] Referring now to FIG. 5A, vertical cross-sectional views of a CVD system 10 is
shown that has a vacuum or processing chamber 15 that includes a chamber wall 15a
and a chamber lid assembly 15b. The CVD system 10 may contain a gas distribution
manifold 11 for dispersing process gases to a substrate (not shown) that can rest on a
heated pedestal 12 centered within the process chamber 15. Gas distribution

30 manifold 11 may be formed from an electrically conducting material in order to
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systens, and thermal chem cal vapor deposition systens, anong other types of
systens. Specific exanples of CVD systens that may inplenent enbodi nents of
the invention 15 include the CENTURA ULTI MATM HDP- CVD chanber s/ systens, and
PRODUCERTM PECVD chanber s/ systens such as PRODUCERTM Cel er aTM PECVD,

Beampt g6 s SLTheEPRPUE ForbPhEUhEs tepathive Blast Bn sl Moot A cpl ary

met hodssuggtrggq [

o . . _ N .
co- assi gned 20 “8 %S%%dgag%ﬂa‘f}ggf%ﬁ{ wAggslﬁBI\gw 8 gfr}g%%e@g ghg o1 Eg%‘ﬁx) sky et
B

al, filstafavd230f thkOpédest@. tTHel prdleStARUICESSbEAMRIR: drithbllABH; betirbdn a
GAPFILL," the entire contents of which_ is _herein incorporated by reference

for al Iloper easking/ affdoadingpositiem{siepisted iy Ele A haryd rRnaippes praesssinghown and
d i bed. | .S, Pat. ) .387, 20 6,.830, 624, .which |

neor ptanitieh fedisaieeby Perascdlioe [4 5 FIGT Atk osely GERSERFD Ber  ng now

to Fl G 2808t '&%En&?ﬂé&asﬁ%%%fe?%)sﬁa&‘é@cﬁfdease GRs %P hg%éir?n%\;l | shown t hat

has a vacuum or "processing cha includes™a ¢ 15a and

a chamgformﬂi@ﬁ&e{ﬁgyoﬁﬁgno}’mem@ystem 10 may contain a gas distribution
mani fold 11 for dispersing process gases to a substrate (not shown) that can

rest o ated, pedestal ,12 centered within the process ch er 15. Gas
Gt 1 DOOTEI Goetrin o8 GarrieT smgeian o7 IntPAusrhinip Blechrmoa I hEBH@ct | ng
mat er i ' [ n. tr for fordgin pacitive

pl as rra?ﬁﬁar}f‘neéid%é%%&s%%gﬁ?gé%%_laqzlﬁgﬂrgg %agglgs.t“ uggﬁifg}éerfgﬁ%t%%’ aﬂf er) can
be 1posi Mﬁ%‘&ﬁb@&itﬁeﬂﬂs%e%@iﬁéﬁ Eg&ésé’ SRB\EY Flovs Withare cﬁafqb%% mgagﬁsst al

12. The pedestal 12 can be noved controllably between a |ower | 0adi ng/

of f - I oadletgnandfoltlilantHrdaghct @hvientibh&d pdrfyrataitiblenkermnplate ad eegsthrgugh
position (indicated by dashed line 14 in FIG b5A), ich is closely adjacent

t o t he holemirf gasistribytiarefaceplataitdn. (not shown) may i ncl ude sensors for
providing information on the position of the wafers. [0076] Deposition and

Car 1| o1 0gRARRA SR R eI MG RRLITI 00 SR BRE oo HsRYBk bPBS Y at ed

hol es of a conventionaP flat, circuflar gas distribufi aceplate 13a. In 10

some enfposi gasiosircedahosugh gas nippsledineg astes waxinglsuteiivherd ehehaiinsy t hr ough
the inlet manifold 11, through a conventional perforated bl ocker plate and
t held t hramolgiined and then sent to manifold 11. In some embodiments, the supply line for

each process gas can include (i) several safety shut-off valves (not shown) that can be

used to automatically or manually shut-off the flow of process gas into the chamber,

and (ii) mass flow controllers (also not shown) that measure the flow of gas through

the supply line. When toxic gases are used in the process, the several safety shut-off

20  valves are positioned on each gas supply line in conventional configurations.

[0078] The deposition process performed in the CVD system 10 can be a thermal
process and/ or a plasma-enhanced process. In a plasma-enhanced process, an RF
power supply can apply electrical power between the gas distribution faceplate 13a
and the pedestal 12 so as to excite the process gas mixture to form a plasma within
25  thecylindrical region between the faceplate 13a and the pedestal 12. (This region
will be referred to herein as the "reaction region"). Constituents of the plasma react
to deposit a desired film on the surface of the semiconductor wafer supported on
pedestal 12. RF power supply can be a mixed frequency RF power supply that
typically supplies power at a high RF frequency (RF1) of 13.56 MHz and at a low RF
30 frequency (RF2) of 360 KHz to enhance the decomposition of reactive species
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holes in gas distribution faceplate 13a. [0077] Before reaching the manifold
11, deposition and carrier gases can be input fromgas sources through gas
supply lines into a m xing systemwhere they can be 15 conbined and then
sent to manifold 11. In sonme enbodi nents, the supply line for each process

ised i “dﬁgié%a)tﬁéev&eﬁﬁéh@iqfxﬁéésﬁﬁﬁf'n@?’ criial Prostn i RGHSKCLEPAIK o fh’ he
11 ow of 4801t pbt e BRRed 10 (0 ioRios Uyt R0 AR s BHRNTY Lkl BRERSHE S "

pr oces sthetdgire @ il orS@ieafurfaT8 f tiod §em_ﬂ:@n&ﬁkfb@$va&éﬁsﬂ§’§éﬁté& Ba4heN each gas
supply line in conventional configurations. [0078] The deposition process

per f or npetestal fIRewBidh isyesistivdl§ heated® providde thelrmap enempysfoa thié peaction.
pl asma- enhanced process. In a plasma-enhanced process, an RF power supply

can @pp@@: 19%{‘%0% alg&?l‘é’?efnlﬁ?ﬁ:wﬁﬁgbﬁﬁoﬂgagogésﬁ,t&ﬂe@%&ﬂg c%{ij‘%?m ﬁ\teeenéﬁ?@ and

t he ped excite t process gas m'xture orma plasma

Wi thin grck&ecHamberd, fitlludRg tBe walssiahe che8mbee BB 11Sa sdfrowdihd theredest al

12. (This region will be referred to herein as the "reaction re ion").
Const i t exdraust passagewpl 23ramdr thechut-off vidpe24.t Whetetdierpldsrhalismonturhed sur f ace
of the sem conductor wafer supported on pedestal 12. RF power sugﬁly can be

a ni xedor derngadhermalderasitiom proceshathotiliguid ig cipcwatedl thesuglytke wallsa hi gh

f f d | f f
Kt o LEASR1bE TratesS ShARBRL D oA antar i s ARGyt A 1o et o t he
vacym ‘fﬂégyfsggéé%ﬂe}{é R IRGEPLE BERk rmsﬁﬁa%’@ﬁ)t SHRRLY Fthfoiﬁa‘{&‘@é'él.d hot

be utilized, process gas m xture can ermal 'y react eposit the

desi r edd hddt®h@FhdBeSWall348a @4n lﬂt@ué@fﬂ@?m FlRid WA 1.8 BRI IREe@N the
pedestal 12, which is resistively heated T0 provide thermal energy for the

r eact i oethyterfeGly&jl dbwil-based theanahtrensfanflaitisd s heating (refereadto ahe pl asna
can heat the entire process chanber 10, including the walls of the chanber
body 15heafing byithi theat pechamgr) sen gdasizab]pwagucsa neliminate - of f val ve 24.
When t he asma i s _not, turned on or durjn t her depqsi tion process, a
ot 1§ qepsteaton 36 RRlesHIRE Seaten o g i erthe RS BRNaS B amber 15 to
mai ¢ ai \, . T, ges in the
Fenk naselaBfe FRATRE ofthetofod e al BB RbHEmint s ox ARAE

contaminate the process if they were to condense on the walls of cool vacuum

passages and migrate back into the processing chamber during periods of no gas

flow.

[0080] The remainder of the gas mixture that is not deposited in a layer, including

20  reaction byproducts, is evacuated from the chamber 15 by a vacuum pump (not
shown). In some embodiments, the gases can be exhausted through an annular, slot-
shaped orifice 16 surrounding the reaction region and into an annular exhaust
plenum 17. The annular slot 16 and the plenum 17 can be defined by the gap
between the top of the chamber's cylindrical side wall 15a (including the upper

25  dielectric lining 19 on the wall) and the bottom of the circular chamber lid 20. The
360.degree. circular symmetry and uniformity of the slot orifice 16 and the plenum
17 can be configured to achieve a uniform flow of process gases over the wafer so as

to deposit a uniform film on the wafer.

[0081] From the exhaust plenum 17, the gases may flow underneath a lateral

30 extension portion 21 of the exhaust plenum 17, past a viewing port (not shown),
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to heat the chanber walls 15a can include the typical fluid types, i.e.
wat er - based ethylene glycol or oil-based thermal transfer fluids. This
heating (referred to as heating by the "heat exchanger") can desirably
reduce and/or elimnate condensation of undesirable reactant products and
inprove the elimnation of 15 volatile products of the process gases and

ot her dbrRUSH AdRMOWaT-exeRaing gasRasirgRis Paska Jrgrwashut-ofhglvegte 1o

v
conden on the walls of ¢og assa m t ack into the
o ocesSPgRe ames niBeritef St HROLYE: AR SR BHRIS e haer o
the gas,tietbytRat diinel t8%he @%%ltﬁguhmﬁu @bt shé"&hz%ﬂﬂx hDforSiRed | on
byproducts, Is evacuated fromthe chanber” 15°by a vaculm pu (not shown).
| n songaBohmdishewnd, the gases can be exhausted through an annul ar, slot-
shaped orifice 16 surrounding the reaction region and into an annul ar
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uni f or rarhiyedded heater elerntenit torfigifedaadnaketwpd €l turnk inahe féen oo phiglet ed to
achieve a uniformflow of process (&ases over the wafer so as to deposit a

uni f or monicemtrisreinces. Wsim euter[posioh dftherheater elemand capirenadjacent the gases may
fl ow under neat h g}l ateral 30 ext %Jlsi on portion 21 of the exgaerst pl enum 17,
past a RETHRELSEoh GESI(F?RRI"P%), £ IRPSBAT OO R HeBaterMidng gas
passage St A - of fi. val . LS | ed with
t h:ﬁ)l oWe| r%%% tgfrcbctérr(:?emggfﬁ%?a rﬁg%%ro; aldlll % ee%éi?éﬁg;ﬁee}é%%?%?le%n? %I%?f) %%nnect S
to the @Xs&sHdle MBI PHRWEREAP 2 Shown) through a foreline (also not
shown). 5 [0082] The wafer support platter of the pedestal 12 (preferably

al um nu eram ¢ or a c¢onbination thereof) can be resjstively heated
usi ng 160 da@ailymaﬁamaﬁldgfbﬁheéim%é NiEa £a% %WmefCi)?ﬂCPQW%@ndo make
two full_ turns,in the f.ormof parallel., concentric,cirncles. An quter portion
of t he YRS Ot Eraanfor iardivae B Be e GOt Taterial fush o SmdReipor «
pl at t eranoihd LaRitninine'orRREAMR) AHBRaAPIE BERBLCYD &pparatus is described

15  inco-assigned U.S. Pat. No. 5,558,717 entitled "CVD Processing Chamber," issued to

Zhao et al, and hereby incorporated by reference in its entirety.

[0084] A lift mechanism and motor 32 (FIG. 5A) can raise and/ or lower the heater
pedestal assembly 12 and its wafer lift pins 12b as wafers are transferred into and
out of the body of the chamber 15 by a robot blade (not shown) through an

20 insertion/removal opening 26 in the side of the chamber 10. The motor 32 can raise
and/or lower pedestal 12 between a processing position 14 and a lower, wafer-
loading position. The motor, valves or flow controllers connected to the supply
lines, gas delivery system, throttle valve, RF power supply, and chamber and
substrate heating systems can be controlled by a system controller over control lines,

25  of which only some are shown. Controller can rely on feedback from optical sensors
to determine the position of movable mechanical assemblies such as the throttle
valve and susceptor which are moved by appropriate motors under the control of

controller.

[0085] In the exemplary embodiment, the system controller can include a hard disk

30 drive (memory), a floppy disk drive and a processor. The processor may contain a
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10 concentric circle having a smaller radius. The wiring to the heater

el ement can pass through the stemof the pedestal 12. [0083] Typically, any
or all of the chanber lining, gas inlet manifold faceplate, and various

ot her reactor hardware can be made out of material such as al um num

di d ' Al [
Goscr | oo ‘éﬂaﬁéﬂ%ﬁ%@%ﬁ@@m@aﬁsﬁﬁﬁ%"?a@ngggf%ffugﬁpﬁ bR pr ocessi ng

Chanber r ceinits
enti rety F%%g ]gl)t ﬁ%ﬁ.}’g% an %D?%?logg%?%ﬂgf@@? ?gtﬁh?gggé?and/ or

| over tdomfbreatethe Veﬁeawauum%pyaﬂwmm stdrglavd fvehiich idefines beadkafs waf er s
are transferred into and out of the body of the chanber 15 by a robot bl ade

(not shuage)andeenngictendizgenisiensraridtypes.e eé/IME;seandvgdz:@m defirtectheibtie of t he
charrber 10. The nmotor 32 can raj se Gﬁag % edestal 12 between a
pr odes sitFHftwEssasthaying 2 1onket da anga girit g shguﬁosi tion. The notor,

val ves or flow controllers connect ed to the supply lines, gas delivery
syst em[0086]Syistedn ¢ohttelleRtarPetfoltHp AL Hvitias 8f eHEaaley mreHines uftfel dydtegn heat i ng
systens can be controlled by a systemcontroller over control lines, 25 of

whi ch cninfrallemexequtes sysiem daorcontiol eoftware, vehigh éna f:emdimeﬂ(plfognan’cqjmadal
sensors, to determ gﬁhg_{ﬂp}g@l tion of nmovabl e _nechanic assenbl i es such as
t he t hrigta sampyieryea B 8ic %WW@Y@O@BW g@@%?ntﬁ'tfé\enot ors

Syst Lnf%ﬁﬁfo‘ﬁz”sfc%ﬁﬁveﬁa;marﬁnc’c‘lﬁﬁﬁﬁ‘f?%ac%ﬁ ﬂﬂés oéﬁ‘%P?%E TR BBy di sk
drine angh j le{dé%gﬁscSFmsEP ionet t ditta 'Hui?tur% gkﬁ%o %ﬁﬁéxd comput er

(SBC), analog and digita out put I nter nd st epper

not or - corksite) €larhib@r tdinpeyafiire IRF weilaielg\das.@p% eposifiofifdnd 6@igkorm to the
Ver sa Mobdul ar Eur opean (VME) standard whi ch defines board, card cage, and

connect paratietenssif arpartindlar pyeeess Texhen@spated rdgimans steféchenotigerbus 5
structure as having a 16-bit data bus and a 24-bit address bus. [Q086]
Syst em BSHATH e@iceéwleémg,é@r eranple; 2 Hoppx slisk or atherenother RPPEOPTIAE syst em

control Ler execu S gm can cont software, which is a conputer program
stored dﬂﬁ A% 8% Sa%eéatﬁ\fdpbﬁhgﬁch as a nenory. In sone enbodi nents,
t he

15  [0087] A process for depositing a film on a substrate or a process for cleaning the

chamber 15 can be implemented using a computer program product that is executed
by the controller. The computer program code can be written in any conventional
computer readable programming language: for example, 68000 assembly language,
C, C++, Pascal, Fortran or others. Suitable program code is entered into a single file,

20  or multiple 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 code the system user invokes the

25  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.

[0088] The interface between a user and the controller 34 can be via a CRT monitor
50a and light pen 50b, shown in FIG. 5B, which can be a simplified diagram of the
system monitor and CVD system 10 in a substrate processing system, which may

30 include one or more chambers. In some embodiments, two monitors 50a can be
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menory can be a hard disk drive or other kinds of menory. The conputer
program 10 can include sets of instructions that dictate the timng, mxture
of gases, chanber pressure, chanber tenperature, RF power |evels, susceptor
position, and other paraneters of a particular process. O her conputer

(i o orssinGRe EIEN 13 ks ORPR spern Al 53 RGpSE wed BB bepirdLns """
cont 1 0l &l for!thel BAACE tdehRQERS STHOMAANBASEIA O drel1tReQ0sR. disPRYREe of a

process for cleaning t e 1 npl'ement ed usi ng' a’conput er

pr ogr angapieiictmation. Irss@xeeunitedliments, balycomd light pén 50 eazobetiabledr Agr am
code can be witten in any conventional conputer readabl eagr ogr anm ng

| anguadéghtfsensandiartpe ¢ip odigio pessdlodan desecilight emitted by+CRPatisplay. Fortran or
others. Suitable programcode is entered into a single file, 20 or ltiple
files, i?f%dﬁ@ PATHEHPE FETPER 2F TWRSHOTL A BPeTaleTcas tgRER astesignited areaiof the

ont or echispRE efesiad Plusfied e Bhefu TR Blpely St it 0Bt 48 {effhans and
the resu E%'I\il\}lgﬁ%@éélsf, orGOoi&y i(n%erhh_@f‘sérééﬂ‘%Sioi%l}ar?g%rbdi‘ﬁi.rﬁﬁh code of

“preconpile crosoft Wndows(r) library . To exegute t he |inked,

conpi | esbruimueddatiopdsetiveenshis light per and tkeodipldhecréén. oDitlket doaets, sudia ng t he
conputer_ systemto |load the code in nmenory. The CPU then reads and executes
t he codekeybqaeds momse g athekpointiog: drfdostmiunicationgleyigeamay P@0s8] irstead

interface hetween a user and_jhe controller 34 can be via.a CRT npnitor 50a
andl i g?fteordéﬁ\g%@%ﬁmé%gﬁht Pen pYlsto allowthe eﬁercfgrfoa@manéq%wﬁr @a\fa?%r am of

t he sg emnonitor and CVD system 10 in a substrate processing system

whi ch ‘{/ 30 include one or nore chanbers. In sone enbodi nents, two nonitors

50a can be 20 used, one nounted in the clean roomwall for the operators
and t he[008HIRHEAI shbwha rematd plasmatgemesator 6@ snauardedioni thedid assemibiyni t or s 50a

o B b e RS W Bl o e o
500, 2 Aok EBlnl el 51, Rio et 30l 2% AR O S S0r oo
o usheshis e €0 erldinupe1sE s sl UTICISRL o et
made of metal. The adaptor 64 may include a hole 95, which is coupled to a ceramic
isolator 66. A mixing device 70 may be coupled to the upstream side of the gas
distribution manifold 11 (FIG. 5A). The mixing device 70 can include a mixing insert
72 disposed inside a slot of a mixing block for mixing process gases. The ceramic
20  isolator 66 can be placed between the mounting adaptor 64 and the mixing device 70
(FIG. 5A). The ceramic isolator 66 may be made of a ceramic material such as Al;O3
(99% purity), Teflon®, or the like. When installed, the mixing device 70 and ceramic
isolator 66 may form part of the lid assembly 15b. The isolator 66 can isolate the
metal adaptor 64 from the mixing device 70 and gas distribution manifold 11 to
25 minimize the potential for a secondary plasma to form in the lid assembly 15b as
discussed in more detail below. A three-way valve can control the flow of the

process gases to the process chamber 15 either directly or through the remote plasma

generator 60.

[0090] The remote plasma generator 60 can be desirably a compact, self-contained

30 unit that can be conveniently mounted on the lid assembly 15b and be easily
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comuni cati on between the |light pen and the display screen. O her devices,
such as a keyboard, nouse, or other pointing or comrunication device, nmay
be used instead 10 of or in addition to |ight pen 50b to allow the user to
comunicate with controller 34. [0089] FIG 5A shows a renpte plasna

d. ly] I f :
R e S R e R e T
mani f ol And duitdblERiHM dRDHSIRPASTRON® g@néﬁwaaahﬁbteeﬁehﬁ RHBclencgener at or
60 on the Iid assenbly 15b, as best Seen in FIG 5A. The adaptor 64 can be

made ofarETedhnoldygy, dna pif Wobdrriydyassn dThed@SERON® géheratbt atilizes clowpl ed to a
ceramc_isolator 66. A mxing device 70 may be coupled to the upstream side
of the figld toxsiidalrplesmada disseictate a pracesspas. ne raanplex thegpldemiace 70 can

include,a m xing insert 72 disposgd i.nside a .slot of X1 n | ock for
1 g REIATE RERESs g MRS DROTEEr G gniBE et ush NGy ween 1 he

nmount i 0, ] X1 [ LFI ﬁg! ramc

i sol at 2‘% r%gla%ﬂsyg%gllaﬁaa%go%? Sgg%\éﬂrag%]ﬁggﬁgp giplz g@%ﬁéﬁuas %‘ggqu{f % purity),
Tef | on(déposgg iﬁﬂfélbfd@@ss Mgnbérss al | ed, the m xing device 70 and ceram c
isolator '66 may formpart of the Iid assenbly 15b. The isolator 66 can

i sol atﬂ_ t he me! al gdagtor 64 fromthe m xi ng device 70 and gas distribution
mani f ol ¥ 6 t he potential for a secondary plasma to formin
the Iid assenbly 15b as discussed in nore detail below A three-way valve
can conioo®l] tBehishsiwmethat hay implearasargesieprocesstniey incladeSor etuaipigra 15 eit her
directly or fhrough the renote plasm _generator 60, [0090] The renote

pl dda YYERBY attseclEn chamberdsysen), pydilablefrom fpplied Materfals, dng. of farfa Clgauni t t hat
can be ¢¥ﬂ-§§,§g ently nounted on the Ilid assenbly 15b and be easily 21
retrofitted onto existing chanbers wi thout costly and tine-consumni ng

nodi ficatjans, 8;12 suitabl e unit can he the AST (r) generator_ avajl able

from ApIPPHd BIG-&ne & schamptirsepissreipnal iRy ofgn e | St slambere ThasstRen r)
gener at Ganibls 60043y fchRia drafér Al B3¢1athdXrapcndiRr 806 AT K] 12 Palifiess 035

I n one exanpl e, the plasm I ssocl ates a process gas |

f 1 uor i ndisteibutiai appacatiga Ossuclh asss tullE,pipsahddor marnifale forghspessirgda processgon t o

9€ n165r al Islagrrrlf g 15f tlol{:l(ljer ~i,urll)es}'crav.\‘égil%B t}ila% reus%eo% z'{}g)ed(élstgla&Of cielntrcre]red within the process
chamber. The etch chamber 600 may be coupled to a plasma generator 605 through the
plasma distribution apparatus 610. The plasma generator 605 is configured to generate the
plasma 615. The substrate 100 may be moved controllably between a lower position/upper
position near to a showerhead 650 by pins 640. The substrate 100 may have the trenches 115

20  and the dielectric layer 120 (shown in FIG. 1B) formed thereover.

[0093] In some embodiments, the plasma distribution apparatus 610 may introduce the
plasmas 615 generated by, for example, steps 230, 330, 430, 314, and 442 described above in
connection with FIGS. 2-4, into the processing chamber 600. In some embodiments, the
supply line for the etch plasmas 615 may include (i) several safety shut-off valves (not

25  shown) that can be used to automatically or manually shut-off the flow of process plasmas
into the chamber, and (ii) mass flow controllers (not shown) that measure the flow of the

plasmas 615 through the supply line.

[0094] Referring again to FIG. 6, the chamber wall 630 may have a temperature to
substantially prevent condensations of etchants and/or byproducts thereon. In some

30 embodiments, the pedestal 620 may be operative to provide a desired temperature between
about -100°C and about 1,000°C (e.g., about -50°C to about 200°C) to condense etchants on
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deposits in the process chanber 15. Exenplary Etch System [0091] Etch
systens that may inplenent an etch process nmay include, for exanple, a 10
Si Coni Precl ean chanber/system available fromApplied Materials, Inc. of
Santa Clara, California. [0092] FIG 6 is a schematic cross-sectional view

of an exenpl.ar tch, cha . The etch. cha 600, may i ncl ude chanber
wal | 636°S eéf Sgh%‘gf&%ﬁﬁ" ﬂ&yﬁﬂﬁg{l&g@é’eﬁﬁ %\gqrr&e. ‘ﬂ%ﬂ?@ﬁﬁ&i gﬁe appar at us
610 sucdiciasitsdhddne d&iiﬁﬁlyaiﬁﬂ:{'&’f witthé @iblécifrférlaﬁ'r 3P6 Fsthtd A ePIHRGEBSrafed P! asna

615 to the substrate 100°that rests on a pedestal 620 centered within the
pr oces sl00shaniegenerdie thetsohd prashibedesaiidrabpverim conjmpicaon withd 161 24meftgzner at or

605 th h di st ributj 10, The pl 605
< conr BBt GLAEH T 40 AR B o AR B e
conty ol dhatvesheB®59E ETheAsHoMEeaB 6SO iﬂaggfeléﬁ@@ﬁve RASTOVId R p6ctss fethpRraiitever head

y

650 by pins 640. The substrate 100 ave the trenches 115 20 and the
di el ectheteednzapent 130Cand ahputi lLO0FG. In @me enbaskiments, the shawerherdd®P may some

enbodi nent s he ' i byt appatat us .610 .may. i ntro

ol aorm<PeRioEn sLOHS 20 50040, 335 B 4 B RBRE Bl 8 o IR MUARRIGS 20
descri bdompeseand/or saslings theNolidipkdiuct 6Femdvétheipditions o€ (S Aelestsic MgeE hamber
600. In sone enbodi nents, the supply line for the etch plasmas 615 may

i ncl udel20ianddimgwr al safety shut-off valves (not 25 shown) that can be used
to automatically or manually shut-off the flow of process plasmas into the
chayoer [j0095)d ReferrinPagir 1o00IGE 6)dtNedst & hg Sienel) 6dohaiy beesifigarddhe fl ow of
t he pI[a_sgrr_%]s 615 t hrough t he supgly Iis'r?ejlﬂiogo94] Ref erri}hg agaigﬁrto FIG 6,
t he chayifein theastrh emmnbes 0B s/ desirablyrprap s the dyprodueis prd/enthe slecgmpased ent

condensat Lo of etc [ [ . j ment s,
he pedbsra sdtGRERReras Ok R RPRYThIoL BT a pibur SRah EOR B8 con
about - the@¢praactahaybe HeSAHT {etdyed. Bhduie mﬁtﬂﬁnhmta,hﬁelpuﬁﬁﬂ@chme@@wense
etchants on 22 the surface of the substrate 100, i.e., the dielectric |ayer

120 ovemay havesllassteneeaperiare (Tofeshown) thegiieh wiielnthedypendurts san be fesinablyct wi t h
thelsdi elleﬁ,l%ve&c | ayer 120 fornmed over the substrate 100 so as to generate
the “sol I'a product descri bed above in conjunction wwth FIG 2-4. After the

generation of the byproduct, pins 640 nmay |ift the_substrate 100 approachi ng
t he [0096] In some embodiments, an RF power supply (not shown) may be coupled to the

(D

plasma generator 605 to excite a process gas including a fluorine-containing precursor and a
hydrogen-containing precursor to form the plasma 615. The RF power supply may be
operative to provide a RF power between about 5 watts and about 3,000 watts. The RF

20  power supply may supply the power at a RF frequency between about 100 kHz and about 64
MHz.

[0097] system controller (not shown) may controls all of the activities of the etch system.
The system controller executes system control software, which is a computer program stored
in a computer-readable medium such as a memory. In some embodiments, the memory is a

25  hard disk drive, but the memory 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 and other parameters of a particular process. Other computer programs
stored on other memory devices including, for example, a floppy disk or other another

appropriate drive, may also be used to operate controller.

30 [0098] A process for etching portions of a film over a substrate can be implemented
using a computer program product that is executed by the controller described

above. The computer program code can be written in any conventional computer
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5 shower head 650. The shower head 650 nmay be operative to provide a process
tenperature between about -50C and about 1,000C. In sone enbodi nents, the
shower head 650 may perform steps 240, 340, 440, 316, and 444 descri bed
above in conjunction with FIGS. 2-4 to deconpose and/or sublimate the solid
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[0100] Where a range of values is provided, it is understood that each intervening
value, to the tenth of the unit of the lower limit unless the context clearly dictates
otherwise, between the upper and lower limits of that range is also specifically
disclosed. Each smaller range between any stated value or intervening value ina

20  stated range and any other stated or intervening value in that stated range is
encompassed. The upper and lower limits of these smaller ranges may
independently be included or excluded in the range, and each range where either,
neither or both limits are included in the smaller ranges is also encompassed within
the invention, subject to any specifically excluded limit in the stated range. Where

25  the stated range includes one or both of the limits, ranges excluding either or both of

those included limits are also included.

[0101] 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 "a method" includes a plurality of such methods and reference
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Pascal , Fortran or others. Suitable programcode is entered into a single
file, or multiple files, using a conventional text editor, and stored or
enbodied in a conputer usable medium such as a nenory system of the
conputer. If the entered 5 code text is in a high level |anguage, the code

is compil, and the.resyltant conpiler code is then |linked with an object
code_ oPtonths pRetd” it TR ded RRraR TR 2 or OB Brorurt G A eivebRoayt o s b
l'i nked, [ ' t: Lnvokes the object code,

causing&%ﬁgﬂg%ﬁﬁu §#3§§g§§ﬁﬁﬁgﬂﬁ§§§f§ﬁ@agéﬁéiFh menory. The EPU t hen reads

and executes the code to performthe tasks identified in the program 10
[0099] [0402IngAdss the woads espsnprise nisomprising,' "include,| "ipeludingganded by t hose
of ski).l ;in the art that wvariou dificatjo al.ternative constructions,
ond equiiiet S nahystd iR shiteonand it i onpRing B GRG0

i nventi it : Kk e ts have
notqﬂeéﬁ“ﬁﬁé@??ﬁ%gﬂ%ﬁh§?8§$a%gmggég?%lﬁﬁ%%%%ssaiPﬁéﬂgbégﬁ%P%gqFﬁgegﬁgsent

i nvent i A6k preck@letths Prrsenich ©r alaEoNLEf GHRSEH midké Othes Heituded) Hitepers) aken as
limting the scope o0f the invention. [0100] Were a range of values is

pr ovi dechmponergs ateles, atisodr gtmtpseach i ntervening value, to the tenth of the
unit of the lower Iimt unless the context clearly dictates otherw se,

bet ween the upper and lower limts of that range is also specifically

di scl osed. Each smaller range between any stated val ue or intervening val ue
in a 20 stated range and any other stated or intervening value in that
stated range is enconpassed. The upper and lower limts of these smaller
ranges nmay independently be included or excluded in the range, and each
range where either, neither or both [imts are included in the smaller
ranges is al so enconpassed within the invention, subject to any
specifically excluded imt in the stated range. Wiere 25 the stated range

i ncl udes one or both of the limts, ranges excluding either or both of
those included limts are also included. [0101] As used herein and in the
appended cl ai ns, the singular fornms "a", "an", and "the" include plural
referents unless the context clearly dictates otherwi se. Thus, for exanple,
reference to "a nethod" includes a plurality of such nethods and reference
24 to "the precursor” includes reference to one or nore precursors and
equi val ent s
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t hereof known to those skilled in the art, and so forth. [0102] Also, the
words "conprise,"” "conprising," "include," "including," and "includes" when
used in this specification and in the following clains are intended 5 to
specify the presence of stated features, integers, conmponents, or steps, but
they d B¢ h\%ﬁ e presence or addition of one or nore other

f eat ur e55 : onents, steps, acts, or groups. 25 WHAT IS CLAI MED
IS: 1 1. A nethod for form ng a sem conductor structure, conprising: 2
formng a pluralify of AfRaiHédor $miDg FsethicbAGEctol sauéaﬁ%,té&hgrisﬁg; least 3
one space being between two adj acent features; 4 formng a firsSt direlectric
layer on the featforasngadplutdlity of tduturds dcesssta surfareef apatstrate, atieastict i ng a
portion of the first dielectric layer with a reactant, the 7 reactant

der i3vedonie gpace beingbetprasnutmemadjaernt deaturesnd precursor, to forma first solid

8 product; 9 deconposing the.first solid product to substantially renove the
ot on 10 of -t HORRARG & Rysbitielscitic Taysy 6 The Fetaresanhivigaa tharttas
di elsect(gl'#ec%éa %er to substantially fill the at |east one 12 space. 1 2. The

met hod © arm 1, wherein formng a plurality of features 2 conprises

forrg ng at |east midabhi latpbrﬁf)ntdf@]?@ﬂﬁﬁdiél@él@'iéqayéﬁvithrhe&acﬁﬂﬁr’cheg_s and 3
transi stor gates. 1 3. e nethod of claim1, wherein formng the first

di el%ect reactanaylerived froomarfirse préonrsorrmdsa sécond@recxisde, todpem.a firsésolidhe net hod
of claiml1, wherein interacting the portion of the 2 first dielectric |ayer
witha P%ﬁ"cﬁnt conprises: 3 ionizing the first precursor and the second

precursor; and 4 interacting the iopi,zed.first precursor and the ionized
secodJnd precur sor d@‘\ﬁ‘?‘?ﬁl{lggh‘bgfsttisflﬁd(ﬂmgﬂ%t to;s Ptaﬂ‘l%@ﬁ¥é’?m°é’ €|ty gprtion
10 of the first dielectric layer; and

11 forming a second dielectric layer to substantially fill the at least one
12 space.
1 2. The method of claim 1, wherein forming a plurality of features

2 comprises forming at least a plurality of trenches, conductive lines, openings and

3  transistor gates.

1 3. The method of claim 1, wherein forming the first dielectric layer

2 comprises forming a silicon oxide layer.

1 4, The method of claim 1, wherein interacting the portion of the

2 first dielectric layer with a reactant comprises:

3 ionizing the first precursor and the second precursor; and

4 interacting the ionized first precursor and the ionized second precursor
5  with the portion of the first dielectric layer.

1 5. The method of claim 1, wherein the first precursor is ammonia

2 (NHs) and the second precursor is nitrogen trifluoride (NFs).

1 6. The method of claim 1, wherein interacting the portion of the

2 first dielectric layer with the reactant comprises:
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1 5. The nethod of claim1l1, wherein the first precursor is amonia 2 (N -b)
and the second precursor is nitrogen trifluoride (NF3). 1 6. The nethod of
claim1l1, wherein interacting the portion of the 2 first dielectric |ayer
with the reactant conprises: 26 3 interacting the portion of the first
dielectric layer mith the first. 4 ecursqr.and fhe second precursor. 1 7.
The Tret hod of ol arecting dhe PRrtonof ETE Rl lyer Wil e 8585 W) and
t he 4560}91;&11%‘%%%%& E@oﬂwgfé&%brf' uoride (HF). 1 8. The nmethod of claim1,
wherein formng the fslrst Ielectric layer 2 conprises formng a silicon
nitride layer. 1 9. The nethod of claim8, wherein interacting the portion
of tihe 2 first di.el ecThe mdthyéof daim 1a wieeinathe firshprdcaesor iSatranoiang t he
first precursor and the second precursor;, and 4 interacting the portion of
t he i | (NHs) and thecrecong precurser sthydregen Huotide{HF)5 precursor and the

ioni zed second precursor. 1 10. The nethod of claim9, wherein the first

precursor is hydrggen H n he second. precursaor |.s nj.troge
trifiuoride (NFs)??- 1 ﬂﬁe%@ﬂ@fﬁs I@ff&ﬁhﬁrﬁﬁnlf,r"fwlﬂégBi#‘ﬁ%éﬁ?#ﬁ%@!cﬂwrhe

fir splid. OO i mally treating the first solid product
to zjbs?%dr} i fE/)li%g"lse%%)llsli;lmatt eﬁlt%ﬁgeH}r%ét solid product. 1 12. The nethod of
claim1, wherein deconposing the first solid 2 product conprises dissolving

the product in a 9 qui Theerdthb@f clhirh3®, ﬂt@eﬁﬁhb@dc@ﬁgem@jimtﬂam ofidher ei n the
liquid solution conprises 2 water or a polar solvent. 1 14. The nethod of
cl aidn 1fifehdi¢lectricdayer withg feactanhgompiise®r under 2 the first dielectric

| ayer, wherein an etch Sﬁ| ctivity of ;rae first dielectric |ayer to the 3
linet is about 5:iPregingdhe firgt precurppe apd the secondprerusson t her conpri sing:

2 inperacting a portlOfndMnt Bortibd6f thd diffoch ABAGE Rllfer With VELidri SN Arst M1 1

5  precursor and the ionized second precursor.

1 10.  The method of claim 9, wherein the first precursor is hydrogen

2 (H2) and the second precursor is nitrogen trifluoride (NFs).

1 11.  The method of claim 1, wherein decomposing the first solid
2 product comprises thermally treating the first solid product to substantially
3  sublimate the first solid product.

1 12, The method of claim 1, wherein decomposing the first solid

2 product comprises dissolving the product in a liquid solution.

1 13.  The method of claim 12, wherein the liquid solution comprises

2 water or a polar solvent.

1 14.  The method of claim 1 further comprising forming a liner under
2 the first dielectric layer, wherein an etch selectivity of the first dielectric layer to the

3 liner is about 5:1 or more.

1 15.  The method of claim 14 further comprising:
2 interacting a portion of the liner with a reactant derived from a third

3  precursor and a fourth precursor to generate a second solid product; and
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3 precursor and a fourth precursor to generate a second solid product; and
27 4 deconposing the second solid product to renove the portion of the 5
liner. 1 16. The method of claiml1l further conprising: 2 interacting another
portion of the first dielectric layer with a reactant 3 derived froma
third precursor apd a fourt recursoy. .to generate a second..soli.d 4 product;
and % Hecompost ngeRBRE hEEPA 3Plidntedie o3k he BaneR et B i on o
of the ffid.st dielectric layer. 1 17. The nmethod of claim1, wherein forning
the first dielectric layer 2 on the features and within the at |east one
space has a process pressure of about 600 3 Torr or nore. 1 18. The net hod
of dlaim1, wherei6n deTlwmeshodof Heirhilrfaktheekcoshprdimg:oduct fornms an angl e
between sl anted sidewalls of the renoved first dielectric 3 layer and a

bot 2om of the r eripteydcting snothies pettion of thefinst disdeatrig tayar wish g reactapt A

met hod f,‘?ﬂ%[ofgsitigl%(s dielectri t%rial in a sem conductor . 2 structure
havisng SETBEC BRMLA HUILT REGRHTPQL anda fonsth prectRgy fosgansrate 4 SeRndgolids i r st

di el4ect xjoglulc:@%?la on the bottom and sidewalls of the 4 structure, wherein
the layer partially fills the structure; 5 interacting a portion of the
first dielectric d&bﬁ{?dyilﬁrgtﬁe $cRBAH Bl FRbHUEN O renfdvethe anioisdr pUréieHr Sor and
a second precursor to fornta first solid product; 7 thermally treating the
first sofithd fipstadielctriolayehst antially sublinmate the 8 first solid product
and forma slanted opening in the structure; and 9 formng a second

dielectric layer to substantj al Ig fill the spaces. 1 20. The nethod of claim
19, Wherein the st4uctThemethed ghglairadqwhereinsfprming thy first dislecirisdayggen t he

bot t f th J N f th 3 f b 8 bout
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sl ant EdT&E%?irﬂ&ei.s | ess than 87. 28

1 18.  The method of claim 1, wherein decomposing the first solid
2 product forms an angle between slanted sidewalls of the removed first dielectric

3 layer and a bottom of the removed first dielectric layer about 87° or less.

19. A method of depositing a dielectric material in a semiconductor
structure having a bottom and sidewalls, the method comprising:

forming a first dielectric layer on the bottom and sidewalls of the
structure, wherein the layer partially fills the structure;

interacting a portion of the first dielectric layer with a reactant derived
from a first precursor and a second precursor to form a first solid product;

thermally treating the first solid product to substantially sublimate the

first solid product and form a slanted opening in the structure; and
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forming a second dielectric layer to substantially fill the spaces.

1 20.  The method of claim 19, wherein the structure is a gap, and a
first angle formed between the bottom and one of the sidewalls of the gap ranges

from about 89° to about 91°, and wherein a second angle between a sidewall and

SN

bottom of the slanted opening is less than 87°.
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1 21. The nmethod of claim 20, wherein interacting the portion of the 2
first dielectric layer wwth a reactant conprises: 3 formng a plasma from
the first precursor and the second precursor; 4 and 5 interacting the
plasma with the portion of the first dielectric layer. 1 22. The nethod of
claim 21, wherein the first precursor is ammonia 2 (NH3) and the second
precursor is nitrggen i fluorid NE3), or hydr.ogen flugride 3 (HF). 1 23.
The ret hod of "ol s 21T et OF e 2, MRS thonating s portion of the o
di electgd ;W ; +.Ses: 3 introducing the first
preéﬁrs%#ﬁg%%&ﬁﬁgwiéggﬁgﬁ%?%%ﬁ?éggﬂﬁﬁ%gégn etch 4 chanber; and 5
interacting the pRirhiifg agflashe ffom she fligtIpreddrsér hid e YécoRdiptechiisbst 6
precursor and the second precursor. 1 24. The nethod of claim 19, wherein
fori ngandhe first dielectric 2 layer conprises forning a silicon nitride
| ayer. 1 25. The method of_ claim 24, wherein interacting the portion of the
2 fixst diel ect riidteragang fhe plasmacwethdhe postipn Pk the first diglectrigdayare second

precursor; 4 introducing the first precursor and the ionized second
prequr sor into

h : 61 [ h ' f .th
silicon nitride F%?gr e&ﬁ? H&tqﬁgg% F]??IR ! B}#}g%%e}?lgg‘% Iﬁg%dgrteﬁlépsi%%tﬁ% %H?%%oﬁd
Pr ecUr SQUHsYehd the second precursor is nitrogen trifluoride (NFs) or hydrogen fluoride

3 (HF).

1 23.  The method of claim 21, wherein interacting the portion of the
2 first dielectric layer with a reactant comprises:

3 introducing the first precursor and the second precursor into an etch
4 chamber; and

5 interacting the portion of the first dielectric layer with the first

6  precursor and the second precursor.

1 24.  The method of claim 19, wherein forming the first dielectric

2 layer comprises forming a silicon nitride layer.

1 25.  The method of claim 24, wherein interacting the portion of the
first dielectric layer with a reactant comprises:

ionizing the second precursor;

introducing the first precursor and the ionized second precursor into
an etch chamber; and

interacting the portion of the silicon nitride layer with the first
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precursor and the ionized second precursor.
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