MULTI - STEP DEP- ETCH- DEP HI GH DENSI TY PLASMA CHEM CAL VAPOR DEPCSI TI ON
PROCESSES FOR DI ELECTRI C GAPFI LLS CROSS- REFERENCES TO RELATED APPLI CATI ONS
5 [0001] This application clains the benefit of U S. Provisional Application
No. 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. Al 1598-01/T76810, titled "Miult-step
Dep- Et ch-Dep Hi gh Aspect Ratio Process for Dielectric Gapfills."” The entire

contents of both application are herein incor orated b reference for al |
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with aspect ratios of greater than 5:1 are typical, and aspect ratios of greater than 8:1, 10:1,
and 12:1 or more are possible with the continued reduction in gap widths to 70 nm, 45 nm,

and smaller.

[0003] Smaller trenches with higher aspect ratios are more difficult to fill with dielectric
20 material. Conventional silicon oxide deposition processes like plasma-enhanced CVD
(PECVD) with TEOS/oxygen and TEOS/ozone, and even high-density plasma CVD, tend to
deposit oxide more rapidly around the top of the gap than the bottom. Eventually, the top
oxide growth can seal the gap before the oxide has completely filled the bottom and sides; a

condition known as "breadloafing" that can leave a void in the middle of the gap.

25 [0004] Breadloafing can be reduced by increasing the conformality of the oxide layer that
is deposited in the gap. One technique to increase the conformality of the deposited oxide is
reducing the oxide deposition rate. Reduced deposition rates give the oxide materials time to
be distributed along the sidewalls and bottom of the gap, increasing conformality. However,
a lower deposition rate increases the deposition time, which decreases the fabrication process

30 efficiency.



pressures that pronote a nore flowike and confornmal deposition of the oxide
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deposition of the dielectric material into the gap.” The nethods nay al so

i ncl ude exposing the first portion of dielectric material to an etchant
conprising reactive species froma 30 m xture that includes NH3 and NF3,

where the etchant forns gRigelJUMMVEERYIOR TREOAREENTMAG the protruding

structure. The nethods may still further 1 nclude the steps of renoving the
sol i d 2{00@Hct Emboginwatsoaf the mvention inclode matheds affdrmigygosdiclengicandtenallin por t i on
of the sclilibgtlra?ec tgegpI Ssirgga zti ﬁlrgih?(ienisi?y plasma. The methods may include the steps of depositing
20  afirst portion of the dielectric material into the gap with the high-density plasma, and
exposing the first portion of dielectric material to an etchant comprising reactive species from
a mixture that includes NH; and NF3;. The methods may also include the step of depositing a

final portion of the dielectric material in the gap with the high-density plasma.

[0008] Embodiments of the invention also include additional methods of forming a

25  dielectric material in a substrate gap using a high-density plasma. The methods may include
the step of depositing a first portion of the dielectric material into the gap with the high-
density plasma, where the deposition forms a protruding structure that at least partially blocks
the deposition of the dielectric material into the gap. The methods may also include exposing
the first portion of dielectric material to an etchant comprising reactive species from a

30  mixture that includes NH3 and NF3, where the etchant forms a solid reaction product with the

protruding structure. The methods may still further include the steps of removing the solid



the gap with the high-density plasma. [0009] Enbodi nents of the invention
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BRIEF DESCRIPTION OF THE DRAWINGS
20 [0011] Fig. 1is a flowchart showing steps in a dep-etch-dep process for depositing a

dielectric material in a gap according to embodiments of the invention;

[0012] Fig.2 is a flowchart showing steps in a high aspect ratio process for depositing a

dielectric material in a gap according to embodiments of the invention;

[0013] Fig. 3 is a flowchart showing steps in a high density plasma process for depositing a

25  dielectric material in a gap according to embodiments of the invention;

[0014] Figs. 4A-D show cross-sectional views of a gap as a dielectric material is deposited

in the gap with a high aspect ratio process according to embodiments of the invention;

[0015] Figs. 5A-D show cross-sectional views of a gap as a dielectric material is deposited

in the gap with a high-density plasma process according to embodiments of the invention;



HARP SACVD deposition chanber according to enbodi nents of the invention; 5
[0018] Fig. 7A shows a sinplified a high density plasma chem cal vapor
deposition system for depositing a dielectric material in a gap according
to enbodi nents of the invention; and [0019] Fig. 7B shows a sinplified
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in a plasma. The activated plasma includes reactive species that react with a portion of the

dielectric material to create reaction products that may be removed from the substrate. Then,
20  an additional portion of dielectric material may be deposited into the gap to create a gapfill
with substantially no voids or weak seams. These methods may be referred to as "dep-etch-
dep" methods where the dielectric gapfill is interrupted by an etch step that removes some of
the deposited dielectric so that additional dielectric can be deposited without the formation of
voids or weak seams. While the term "dep-etch-dep" implies a three step process to fill the
25  gap or trench, the deposition and etching cycles may be repeated two, three, four, ezc., times

before the gapfill is completed.

[0021] The goal of the etch step(s) is to create a gap or trench topography that can produce
a gapfill that is substantially free of voids and weak seams. The way the dielectric layer is
etched, however, may vary depending on whether HDP or HARP was used to deposit the

30 dielectric material. In HDP depositions, breadloafing is a significant problem, and the
etchant addresses it by reacting with the protrusions of dielectric material that can partially
block the gap or trench opening. The solid reaction products formed by the etchant may be
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20  species react with the dielectric material to form solid reaction products (e.g., salts) that

typically vaporize at low temperatures (e.g., about 100 °C or less). For example, when the

dielectric is a silicon oxide (SiOy) the reactive species in the etchant react with the oxide and

are believed to form an ammonium fluorosilicate salt such as ammonium hexafluorosilicate

(NH,),'SiFs. These salts are then removed by heating the substrate above the sublimation
25  temperature.

[0024] The ammonia/nitrogen trifluoride etchant is highly selective, and will etch silicon
oxide faster than silicon nitride. For example, the SiO:SiN etch rate ratio may be up to about
12 or more. This property of the etchant can be used advantageously to etch away portions of
an oxide film without as much concern about overetching an underlying silicon nitride layer
30 (e.g., aSiN liner). For example, when etching a SiOy protrusion blocking the opening of a
gap, the etching can proceed past the normal endpoint without causing significant damage to

an underlying silicon nitride barrier layer. In another example, the upper portion of an oxide



5 filmfornmed on the sidewalls of a gap can be overetched to form nore
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borophosphosilicate glass (BPSG) layer. Additional examples of deposited dielectric

20  materials may include silicon nitride (SiN) and silicon oxy-nitride (SiON).

[0027] Following the deposition, the substrate may be exposed to the etchant 106. Before
or during the etchant exposure, the substrate temperature may be reduced to a temperature
below the vaporization/sublimation temperature of the etchant's reaction products (e.g., about
25°C to about 75°C). As noted above, the etchant may include reactive species that are

25 formed by the activation of a gas mixture that includes NH3 and NF3. Activation of the gas
mixture may include generating a plasma from the gas that excites and ionizes and/or
dissociates some of the NH3 and NF3; molecules into the reactive species. The plasma may be
generated remotely from the substrate chamber(s) where the dielectric deposition and
exposure to the etchant occur. In these instances, the reactive species formed in the remote

30 plasma may be supplied by an external conduit to the substrate chamber via a showerhead or

nozzles. The remote plasma generator power may be about 500 Watts.



nozzl es. The renote plasnma generator power nmay be about 500 Watts. 6 [0028]
The flow rate for the NH3 naybe about 10 sccmto 1000 sccm (e.g., about 70
sccm about 400 sccm). The NF3 may have a flow rate of about 1 stemto

about 100 sccm (e.g., about 50 sccm. In some instances, an inert gas such
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substrate above the vaporization tenperature of the reaction products. For
exanpl €The medsint afélac¢tcloamt pr thd substrafecchamblerf durimgtthe etchingtprocesommay mgeeact i ve

species_in the ch wi.th jlicon oxide dielectric are often vaporized and
rennveo&?i?af’%t%%for@%‘hb@h‘?‘éte tenperature 20 to about 100C or nore, which

is above the sublimation tenperature of the products. [0030] After the
et chant[0029)ct Wihen phexiibstrate iscaxposrddn theestchant] the feectivespeeiepimthe ttchdd nmypap i s

usual 'y inpr.oved f.or e deposit.i on of seqgond portion of dielectric

mat or 1 e Rt apating e e depieid CiefRutive TrRE i eadOnimetisln o¥hen B8 of *t he
secignd RGEttdrOEH, hfpei'dﬁﬁ-efié PabwiRPRBItIn P sﬁtﬂﬁﬂﬁﬁntﬁéin@ 8fhk 8éRti¥n idductshe gap.
In additional iInstances, a subsequent etchant exposure and dielectric 25
deposi tdotid praduptsrafo fommedd b Eheseprodvstsgagy theh be semeved batraisingrthe temiperatunee
additio i nst ances several .etch-dep ¢ es are repeated, before the
gapt 1 1191 1ke BBRREEESvq pE TforRaiSt Cnerng bE e RS RESGEl Fog Frfiioc ch- dep
pr oces s@id réRtioR pRodWBs FortiACHdrh the reactibni ofthd 1olTivaRPeditdin theseR hthvel y, for
the dielectric depositions. In HARP, the deposition process nay include

varyi nesilidon afiidsl dieleetric atkepftani vaporizedzand removedcbyt faisingtho sitbstrate tomperfature

20  to about 100°C or more, which is above the sublimation temperature of the products.

[0030] Afier the etchant reaction products have been removed, the topography of the gap is

usually improved for the deposition of a second portion of dielectric material on the substrate

108. In some instances, the deposition of the second portion is the final deposition needed to

completely fill the gap. In additional instances, a subsequent etchant exposure and dielectric
25  deposition is performed before the gapfill is complete. In still more additional instances,

several etch-dep cycles are repeated before the gapfill is complete.

[0031] Figs. 2 and 3 outline the steps of dep-etch-dep processes that are more specific to
using HARP and HDP, respectively, for the dielectric depositions. In HARP, the deposition
process may include varying the dielectric deposition rate during the deposition by, for

30  example, varying the flow rate ratio of a silicon containing precursor to an oxidizer precursor.
For example, the deposition may originally start out at a lower rate to enhance the

conformality of the deposited dielectric by allowing the film to have more time to distribute



30 exanple, varying the flowrate ratio of a silicon containing precursor to
an oxi di zer precursor. For exanple, the deposition nmay originally start out
at a lower rate to enhance the confornality of the deposited dielectric by
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20  [0033] Fig. 2 is a flowchart showing steps in HARP for depositing a dielectric material in a
gap according to embodiments of the invention. The process 200 includes providing a
substrate containing at least one gap 202 to a HARP deposition chamber. A first portion of
the dielectric may be deposited with a HARP process 204. For example, if the dielectric
layer is an USG layer, the HARP process may include flowing a silicon containing precursor

25 (e.g., silane, TEOS) and an oxidizing precursor (e.g., oxygen (O2), ozone (0Os)) into a
chamber. The total chamber pressure is relatively high (e.g., about 400 to about 700 Torr,
about 600 Torr), and inert gases such as helium, nitrogen (N,) may be added to carry the
deposition precursors and maintain the chamber pressure. The substrate temperature may be
about 300°C to about 600°C (e.g., about 540°C) during the deposition. Exemplary deposition

30 conditions for a silicon oxide layer deposited with HARP are listed in Table 1:

Table 1: Exemplary Deposition Conditions for HARP formed SiOx Film

Film Deposition | TEOS He Flow | N,Flow | O;Flow | Pressure | Temp Spacing
Thickness | Time (sec) | Flow Rate Rate Rate (Torr) (°C) (mils)




deposition precursors and maintain the chanber pressure. The substrate
tenperature may be about 300C to about 600C (e.g., about 540C) during the
deposition. Exenplary deposition 30 conditions for a silicon oxide |ayer
deposited with HARP are listed in Table 1: Table 1: Exenplary Deposition
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[0035] Asnoted above, the initially deposited HARP dielectric layer may be substantially

10  conformal with the shape of the gap, with little or no breadloafing. When the etchant reaches
this conformal layer, it reacts with the exposed surfaces of the dielectric in the gap and forms
reaction products. When the reaction products are removed, for example by heating the
substrate to sublimate the solid products, the new gap defined at least in part by the etched
dielectric film may have a different taper than the original gap. For example, the original

15  sidewalls may be substantially parallel, forming an angle of about 89° to about 91° between
the sidewalls and bottom side of the gap. After the etch however, the remaining dielectric
can define a new gap profile having sidewalls that are more tapered (e.g., slanted inward from
the top to the bottom of the trench). The angle between the sidewalls and bottom side of the

gap may now be, for example, about 87° or less.

20 [0036] Following the etchant exposure, a second portion of the HARP dielectric may be
formed in the gap 208. As noted above, this portion of the dielectric may be deposited in a
gap with a more tapered profile (e.g., about 87° or less) than the original gap. The increased
slant between the sidewalls and bottom of the gap allows the second dielectric fill to
converge from the sidewalls and bottom of the gap with a reduced probability of forming a

25  weak seam in the middle of the gapfill.



can define a new gap profile having sidewalls that are nore tapered (e.g.,
slanted inward from the top to the bottomof the trench). The angl e between
the sidewalls and bottom side of the gap may now be, for exanple, about 87
or less. 20 [0036] Follow ng the etchant exposure, a second portion of the
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Exemplary Trench Cross-Sections

[0039] Figs. 4A-D show the formation and etching of a first portion of a dielectric layer in
a gap of a substrate using HARP. Fig. 4A shows the gap 406 formed in the substrate 402
before the first portion of the dielectric material has been deposited. The gap 406 has

20  sidewalls that are substantially parallel (i.e., form a substantially 90° angle) with the bottom
of the gap.

[0040] Fig. 4B shows the substrate 402 after the first portion of the dielectric layer 404 has
been deposited in the gap 406. The layer 404 is substantially conformal with the sidewalls
and bottom of the gap 406. In this example, the dielectric deposition was stopped before the
25  gap was completely filled, which leaves a long narrow cavity in the center of the gap 406. If
the deposition continued until the gap 406 was completely filled, it would have been likely

that a weak seam would have developed in the center of the gap.

[0041] Fig. 4C shows the solid reaction product 408 formed where the dielectric layer 404

is exposed to an etchant. As noted above, reactive species in the etchant react with the

10
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exposed to an etchant. As noted above, reactive species in the etchant react
wi t h t heignificant void would have developed in the center of the gap.

[0044] Fig. 5C shows the solid reaction product 508 formed where the dielectric layer 504

20  isexposed to an etchant. As noted above, reactive species in the etchant react with the
dielectric material at the exposed surface of layer 504 to form the solid reaction products 508.
When these reaction products are removed by vaporization or sublimation, the protrusions
510A&B caused by the breadloafing around the top of the gap are removed, and the
remaining dielectric 504 is much more conformal with the underlying gap, as shown in Fig.

25  5D. The new conformal profile without the protrusions 510A&B makes it easier to form one
or more additional portions of the dielectric layer such that a void is avoided in the center of
the filled gap 506.

Exemplary Process Systems

A. HARP System

30 [0045] Figs. 6A and 6B show simplified representations of a HARP SACVD system that

may be used to conduct embodiments of the dep-etch-dep methods described above. Aspects

11
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can be controllably moved between a lower position, where a wafer can be loaded or

unloaded, for example, and a processing position closely adjacent to the gas distribution plate
20, indicated by a dashed line 13, or to other positions for other purposes, such as for an etch
20  orcleaning process. A center board (not shown) includes sensors for providing information

on the position of the wafer.

[0048] The heater 25 includes an electrically resistive heating element (not shown)

enclosed in a ceramic. The ceramic protects the heating element from potentially corrosive

chamber environments and allows the heater to attain temperatures up to about 800°C. In an
25  exemplary embodiment, surfaces of the heater 25 exposed to the vacuum chamber 15 may be

made of a ceramic material, such as aluminum oxide (Al,Os or alumina) or aluminum nitride.

[0049] Reactive and carrier gases are supplied through the supply line 43 into a gas mixing

box (also called a gas mixing block) 273, where they are preferably mixed together and

delivered to the gas distribution plate 20. The gas mixing box 273 is preferably a dual input
30 mixing block coupled to a process gas supply line 43 and to a cleaning/etch gas conduit 47.

A valve 280 operates to admit or seal gas or plasma from the gas conduit 47 to the gas mixing

block 273. The gas conduit 47 receives gases from an integral remote microwave plasma
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20 or cleaning process. A center board (not shown) includes sensors for
providing information on the position of the wafer. 100481 The heater 25
includes an electrically resistive heating el enment (not shown) enclosed in
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ni cr owackamieb4éireAd 2xsaust systeiibthembkitdustsdise gas (anindicated biyarroma@2) iitorthei nput
gases. Duri ng de ositio oce ied to the plat S vented
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uni f or I I r
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15 fifo mthdmnplaapmnﬁﬁlga:hdmmi 48 tlaougnthe texjpaust liroer 6( atlaeratervontre ey a thiotdegh t he
bottomvxgi of eggl osure assenbly 102. The purging gas flows upward from
the inl &BVBSYHEIBRSt the heater 25 and to an annul ar punping channel 40. An

exhaust system then exhausts the gas (as indicated by arrows 22) into the
annul ar [(FHpi riheahmoteahicadvaueglasmanystema’d emipaodice aiphsmBofot selectedicuum syst em

88, which cl ude t shomn haust es and entrai ned
oot SltisalSat Sich & HAPDE YR Sy S xR R AR ho
exhaust ydrge P@err?at spécléﬁﬁl%dﬁ(%&tlﬁ Phd &%o@/plﬁsrﬁem}ﬂﬁe&ﬂ 85 frﬁﬁl M@ctﬁ!&& %p@%d [ 0051]
The renote mcrowave plasma system 55 can produce a plasma for sélected

applLB catvizthe inpititihe 83 arstrentiaa thel eaduit 47 or dispetsionthraughthe phated torthe esi due
froma proces fer. Plasma s es roduce in the r I t
LE0TT oV B hageer 157 BFcDEron 63%s Tor i pA e pb icaan sy, bglige Anbies, ey >
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Precursor gases for a cleaning application may include fluorine, chlorine,

and ot hedapteditot depesitplasmaricshanthd CVEhfilmas by selesting eppropsata dsmsutem wecwsawo may
be

gases for use in the remote microwave plasma system 55.

20 [0052] The system controller 53 controls activities and operating parameters of the
deposition system. The processor 50 executes system control software, such as a computer
program stored in a memory 70 coupled to the processor 50. Preferably, the memory 70 may
be a hard disk drive, but of course the memory 70 may be other kinds of memory, such as
read-only memory or flash memory. In addition to a hard disk drive (e.g., memory 70), the

25  CVD apparatus 10 in a preferred embodiment includes a floppy disk drive and a card rack

(not shown).

[0053] The processor 50 operates according to system control software, which includes sets

of instructions that dictate the timing, mixture of gases, chamber pressure, chamber

temperature, microwave power levels, susceptor position, and other parameters of a particular
30 process. Other computer programs such as those stored on other memory including, for

example, a floppy disk or another computer program product inserted in a disk drive or other
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adapted to deposit plasnma-enhanced CVD filnms by sel ecting appropriate
deposition precursor gases for use in the renote m crowave plasna system
55. 20 [0052] The systemcontroller 53 controls activities and operating
paranmeters of the deposition system The processor 50 executes system
control software, such as a conputer rogramstored in a nenory 70 coupl ed
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types standard al sq defines .t s structure having a _16-bit data
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over vi ertﬁfngﬁft‘ 11ﬁ8@?dA@?ﬁ€nt1GBe& Et%v’é)%ﬁg”g&s%ﬁcm@@ Y5t 460 Iillg(lﬁ%ar{dth%ﬁ tod
gas supply pane | ocated in a cl room- As di scussed 10 above CvD
system d@osmmgds(ss)amdmbmbgas(ts oniother gasfesy theougttthe anlgttuber#tX tnthebox 273 Wit h
i nputs from an ihnl t f#lbe 43 and a conduit 47, and renote mcrowave plasma
syst em BECCHNEE PWSER ‘ine 57. As nentioned above, the gas m xing box 273 is
for mxing and injecting deposition gas(es) and cl ean gas(es) or other
gasl®s) [@086budhe rémote mhietowavb plasBasysteth &5 ps meegsaliynigcathd andmousted belof0056]

T B TSR A7 e BRSPS o R 0., 1
to the 98 fnd/@ks8s mixing box 273, located above the chamber 15. Microwave generator 110

and ozonator 115 may be located remote from the clean room. Supply lines 83 and 85 from

the gas supply panel 80 provide reactive gases to the gas supply line 43. The gas supply

20  panel 80 includes lines from gas or liquid sources 90 that provide the process gases for the
selected application. The gas supply panel 80 has a mixing system 93 that mixes selected
gases before flow to the gas mixing box 273. In some embodiments, gas mixing system 93
includes a liquid injection system for vaporizing reactant liquids such as
tetraethylorthosilicate ("TEOS"), triethylborate ("TEB"), and triethylphosphate ("TEPQ").

25  Vapor from the liquids may be combined with a carrier gas, such as helium. Supply lines for
the process gases may include (i) shut-off valves 95 that can be used to automatically or
manually shut off the flow of process gas into line 85 or line 57, and (ii) liquid flow meters
(LFM) 100 or other types of controllers that measure the flow of gas or liquid through the
supply lines.

30 [0057] As an example, a mixture including TEOS as a silicon source may be used with gas
mixing system 93 in a deposition process for forming a silicon oxide film. The TEPO is a

liquid source that may be vaporized by conventional boiler-type or bubbler-type hot boxes.

14
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generator 110 and ozonator 115 nay be |l ocated renpote fromthe clean room
Supply lines 83 and 85 from the gas supply panel 80 provide reactive gases
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etchant is m - re may be activated by the renote plasnma system
55 to generate reactive species in the etchant before being introduced to
t he charff@&9] 1Figd. A addiB slovasimpiified repessestatiasof aHEDP<C\OD systemahatmaayt s nay

D PR Sl B L1 LRDLS, BLESTR, SISLEMES, (bl '+
Aspects of this exemplary system are incorporated into commercially available HDP-CVD
20  systems, such as models from the ULTIMA™ system line from APPLIED MATERIALS,
INC. of Santa Clara, Calif. Additional details about exemplary HDP-CVD systems and their
applications for dielectric gap fill processes may be found, among other places, in U.S. Pat.
No. 6,740,601 to Zhengquan et al, issued May 25, 2004, and titled "HDP-CVD
DEPOSITION PROCESS FOR FILING HIGH ASPECT RATIO GAPS" the entire contents

25  of which are herein incorporated by reference for all purposes.

[0060] Fig. 7A shows a simplified a high density plasma chemical vapor deposition system

710 for depositing a dielectric material in a gap according to embodiments of the invention.

The system 710 includes a chamber 713, a vacuum system 770, a source plasma system

780A, a bias plasma system 780B, a gas delivery system 733, and a remote plasma cleaning
30 system 750. The upper portion of chamber 713 includes a dome 714, which is made of a

ceramic dielectric material, such as aluminum oxide or aluminum nitride. Dome 714 defines
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15 m xed after being introduced into the chanber 15. B. HDP-CVD System
[0059] Figs. 7A and 7B show sinplified representations of a HDP-CVD system
that may be used to conduct enbodi nents of the dep-etch-dep processes
according to the invention. Aspects of this exenplary systemare
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a chanber 713, a vacuum system 770, a source plas system 780A, a bias
pl asma dorse atra g terap eratsiraifolr icleaning oy stchimg p8desswn than fordepositioh psovesseb.eani ng
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al um nugRaBief MfSimPrVR alikésiSiEbdtiesh thd AefBiti@ PSEr BRAUAEJBsuAEe. 2 Pl asma
processing region 716. Plasna processing region 716 1s bounded on the

botf om e er. surface of a, substrate 717 and.a substrate support 718.
ookhT" IOFAL T ehBRly exbod e iethe Bl hesiB Subsbtc s iGaRi O3 GRS BRRH ral 1y
coupl ed71, Subd@aB supgbrt HEAhENdY iBhé and %uﬁecgas@.s)éed (Rtah8wA PthabddnQ1i¢qH r ol  of
the done tenperature to 5 within about 10C over a range of about 100C to
about 2B@Ctrangfiérsgas(onvetimysirefired topastatmcksidereoalimgges)tb dhebdckside héthear i ous
process%auz)ﬁ%For exanple, it may be desirable to maintain the done at a

hi gher WFature for cleani ng or etching processes than for deposition
processes. Accurate control of the done tenperature also reduces the fl ake

or part [0963] cdbeailawerportipn ofchamber 7 13rnclndgsradiody meambesi7aa, whichgains thae

d ited | dth bstrate, 1 2 I to th

ol At femte B wERehal o3 Atsfenrrion 2obet wiRFERE Sipplr, TS BEistdm o;
suppor t andl@rh& & bostfoh s imer aRfAcOWit] bRBSAGHEBS 7200 Subffiey) aré Rahsferddd id®) | ver a
heat transfer gas (sonetines referred to as_a backside cooling gas) to the

backsi dandgutofehanahesJil 3 ki@ robot blade (not shown) through an insertion/removal opening
(not shown) in the side of chamber 713. Lift pins (not shown) are raised and then lowered

under the control of a motor (also not shown) to move the substrate from the robot blade at an
20  upper loading position 757 to a lower processing position 756 in which the substrate is placed
on a substrate receiving portion 719 of substrate support 718. Substrate receiving portion 719
includes an electrostatic chuck 720 that secures the substrate to substrate support 718 during
substrate processing. In a preferred embodiment, substrate support 718 is made from an

aluminum oxide or aluminum ceramic material.

25 [0064] Vacuum system 770 includes throttle body 725, which houses twin-blade throttle
valve 726 and is attached to gate valve 727 and turbo-molecular pump 728. It should be
noted that throttle body 725 offers minimum obstruction to gas flow, and allows symmetric
pumping, as described in co-pending, co-assigned U.S. patent application Ser. No.
08/574,839, filed Dec. 12, 1995, and which is incorporated herein by reference. Gate valve

30 727 canisolate pump 728 from throttle body 725, and can also control chamber pressure by
restricting the exhaust flow capacity when throttle valve 726 is fully open. The arrangement
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[ 0063] The | ower portion of chanber 713 includes a body nenber 722, which
joins the 15 chanber to the vacuum system A base portion 721 of substrate
support 718 is nmounted on, and forms a continuous inner surface with, body
menber 722. Substrates are transferred into and out of chanber 713 by a
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couplin ween the coils. Top coil 729 |Ls.powered by top source RF
(SR olhdRtibcEbestive pifiecie e Gioerefion shidYoner o by oi de. SE
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sour ce generator "731A provides up to 2,500 watts of RF power at
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20  generator provides up to 5,000 watts of RF power at 13.56 MHz.

[0067] RF generators 731A and 731B include digitally controlled synthesizers and operate
over a frequency range between about 1.8 to about 2.1 MHz. Each generator includes an RF
control circuit (not shown) that measures reflected power from the chamber and coil back to
the generator and adjusts the frequency of operation to obtain the lowest reflected power, as
25  understood by a person of ordinary skill in the art. RF generators are typically designed to
operate into a load with a characteristic impedance of 50 ohms. RF power may be reflected
from loads that have a different characteristic impedance than the generator. This can reduce
power transferred to the load. Additionally, power reflected from the load back to the
generator may overload and damage the generator. Because the impedance of a plasma may
30 range from less than 5 ohms to over 900 ohms, depending on the plasma ion density, among
other factors, and because reflected power may be a function of frequency, adjusting the

generator frequency according to the reflected power increases the power transferred from the
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generators may be offset fromthe nom nal operating frequency (e.g., to

1.7-1.9 MHz and 1.9- 2.1 M1z, respectively) to inprove plasnma-generation
efficiency. 15 [0066] A bias plasma system 780B i ncludes a bias RF (BRF)
generator 731C and a bias matching network 732C. The bias plasnma system
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r ef | ect ¥WgssUBFAL 134T and e actuah porrsciiormeideliviery dinge 734 tor drembet @18 yasiesr . Thi s
may hel @cp%ﬁfﬁ% bh %% c?epelsiﬁgﬂan&’ @fé&ﬂmﬁ 8%63%9@8&%@@ Within chamber 713. Gases are

20  introduced into chamber 713 through a gas ring 737 and/or a top nozzle 745. FIG. 7Bisa

simplified, partial cross-sectional view of chamber 713 showing additional details of gas ring
737.

[0070] In one embodiment, first and second gas sources, 734A and 734B, and first and
second gas flow controllers, 735A" and 735B', provide gas to ring plenum 736 in gas ring 737
25  via gas delivery lines 738 (only some of which are shown). Gas ring 737 has a plurality of
gas nozzles 739 (only one of which is shown for purposes of illustration) that provides a
uniform flow of gas over the substrate. Nozzle length and nozzle angle may be changed to
allow tailoring of the uniformity profile and gas utilization efficiency for a particular process
within an individual chamber. In a preferred embodiment, gas ring 737 has 12 gas nozzles

30 739 made from an aluminum oxide ceramic.

[0071] Gas ring 737 also has a plurality of gas nozzles 740 (only one of which is shown),

which in a preferred embodiment are co-planar with and shorter than source gas nozzles 739,
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by hol di ng the matching network constant at its nost recent condition. O her
neasures nmay also help stabilize a plasma. For exanple, the RF control
circuit can be used to determ ne the power delivered to the |oad (plasmg)
and may increase or decrease the generator output power to keep the
del i ver t d i
[o060] A4 RSHEEmBURBICANIcC Ryt ok AR HRRY plebinAd1 RRRToRIENTE) et JAEL nor'®
734A- 73fihdlycloapled rin same pimbodia®htsdt ﬂsklesmablmtdtad /mix/ gaeghsfocbaimecengt}iel nes 738

i are shown) .. As woul d be under st a, pers n of skill

(only some of i
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i nt rSod ugadmgrﬁlmxmhé.‘tﬂaem oixt:emﬂodungiu, thlr@;amd fourty gﬁgiommﬂ 634(aamcb%34ﬂmmde 745.

lif h nb
Showi o and Fomil sas ok saeklienat i BT 7355, provide ¢fe forbadiy mm,é%? first
and sec ﬂzegaae%@yggngdlt%ﬁ%mw s gﬁs 7491 Jtﬁér%lv@.@ﬁot 8N dndpshut bEW

control l'ers,” 735A , provide gas o ring plenum 736 |n gas ring 737
25 vi a geadratethievtow contrdlersad8dhg campesone of which are shown). Gas ring 737
has a plurality of gas nozzles 739 (only one of which is shown for purposes
of ill uFiomt | aDdmbétineRis WHeRCAarAmable! foRiclbi dopitisiVe 4SS 0¥ fded! iagRst rat e.
Nozzl e length and nozzle angle may be changed to allowtailoring of the

uni ¥0or nilesirable ¢4 elllmmteogag a@namnlgu in thei gam delivery linescafter grdepositaon. i This mmaypeocess

h dual enb 737 has 12
Ghs  noz e ey Satve.she rbfiig 14 OB Thitiwer IE8 #om e 06737
al so hagne7 WAL fotwénOdel ey IRRZAIALH vadturh FreNnd T, Elr exinple. | £s S0 Th,  Whi ch

in a preferred enbodi nent are co-planar with and shorter than source gas
nozzl esFIBJA, otigr similar valyas s 43Arand/743€i meygasnopmmtb@ay oflecgam 741. Gas

nozzl es ;739 nd 740 are not fl ui dlne ts, it is

oo r abfivapTis: Mo Sl Vapusr Ay el 6048 SEBLETI R 135 11
ot hpy  empaMiZeRAé solmmehed B @élivefy e (betweeh @id 3-R@ytvaRre sasigs i nto
chanber 713 by providi ng apertures (not shown) between boggbplenun174l and 5

gas ri nehambsnumddddonally, reewayrinade idevalves (rotshownbmay be placehbetween eawss 734C
d 734 , | | 7 d 735D,
SP ovi degg‘g dt&OI %&‘ﬁgﬁgﬂanr%q éth [%% °&£$W\?§‘f£y1 sosr?e’ ceﬁ‘g aﬁi\gglé,? i onal vaI ves,

such as 743B (ot her valves_not sho wn), may shut off gas fromthe fl ow
cont r ol [0973] t Refemang pgaimta FIG. 7A, chamber 713 also has top nozzle 745 and top vent 746.

Top nozzle 745 and top vent 746 allow independent control of top and side flows of the

20  gases, which improves film uniformity and allows fine adjustment of the film's deposition
and doping parameters. Top vent 746 is an annular opening around top nozzle 745. In one
embodiment, first gas source 734A supplies source gas nozzles 739 and top nozzle 745.
Source nozzle MFC 735A’ controls the amount of gas delivered to source gas nozzles 739
and top nozzle MFC 735A controls the amount of gas delivered to top gas nozzle 745.

25  Similarly, two MFCs 735B and 735B' may be used to control the flow of oxygen to both top
vent 746 and oxidizer gas nozzles 740 from a single source of oxygen, such as source 734B.
The gases supplied to top nozzle 745 and top vent 746 may be kept separate prior to flowing
the gases into chamber 713, or the gases may be mixed in top plenum 748 before they flow
into chamber 713. Separate sources of the same gas may be used to supply various portions

30 ofthe chamber.

[0074] A remote microwave-generated plasma cleaning system 750 may be provided to

activate deposition and etchant gas mixuture as well as periodically clean deposition residues
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[0072] In enbodi nents where flanmabl e, toxic, or corrosive gases are used,
it may be 10 desirable to elimnate gas remaining in the gas delivery |ines
after a deposition. This nay be acconplished using a 3-way valve, such as
val ve 743B, to isolate chanber 713 fromdelivery I|ine 738A and to vent

del i ver i u 4, Q’Ea |G 7A,
ot her S#%Jnlcggmggléeggmﬁ%ﬁg hﬁlé %%ﬂg gys(?f‘}n]ﬁ@aes £t ele?r#gf?r%vagg g%%éétgﬁﬂglt her

gas dethatwezeated d plesma ﬁ'onha Aeayg mal/voeetclmy gbesth'@cmEa(s gc,lmslecular chanber 713
as practical, to 15 me of the._ unyented as d%lé;y l'ine
(bePwechutie: wtagn et e ot Caine o) cAunHAT GREFSY oD (8 M- of 1)
val ves {ehatyeSPauEY refing Sk BfsSiladiel #E6hvR smﬁ%hf&b%@@ | faningMC") and
t he changéeirveokJ betrV\e/eenn% oas s%rce and anyIVFC 0073] Re L‘r}éhlcng a ainto

FI G5 7Agasd‘éﬂ§l|1hm75m\8aaplslmatmsuheoESndimImtmmdtd; oqmtmcarthe dléﬁmng plapmaozzl e

745 and, top ven 6, al L ow i nde ent control of t ows of the
20, g ARV En 15T AR o OB RSPt %%lﬁ!iaf&lt‘? RiBE alkedec MBSt ot t ho
films geRnS detden @Moﬂ&mtpgsmﬁ@r%ageﬁ 751 gmﬁ,ret%redhcew ar openi ng

around top nozzle 745. In ohe S source 734A supplies
source @pastlvmnIbeﬁreﬂ@yacmthtth@reactmtaem?ﬂ% A‘éuuatug thozlehminyplasmaaad control s

th t of | dt 739 dt le MFC
735" copiat tn PiREnci pantS vy dus {peiof u PR S sphpue eonsflprandiig o 54 ©
S' ”Id ar idi’)_]ecﬁ YRm¥eteonipeRn@d tSRBiperiite, Qﬁdlﬂﬁ&g ok BomBadhRint bide lgwv of oxygen

both top vent 746 and oxidizer gas nozzles 740 from a single source of
oxygen dischatgedbatgnay b@primm a irlasmg sw pipl. i Gonsequently, retatively sgdgtivnd t op

vent 746 may be kept t he es.into cha er 713,
or 't he. thuatients, siER s FEBRORHTE Bt 1ad, BamoRabelde bt BSYET Rn Y SRR e
713. Se&adtﬁérﬁns%%ét‘é@t%d Ofs thA\EbSREBIr PGt aRY i Stulsifdhd Qea&ﬂlﬁ?bﬁbcé’ﬁ” OUS portions
30 of the chamber. [0074] renote mcr owave gener at ed asma cl eani ng

e (SN R DML SRR b 0 G,

conppneghbodihBst, Ediilen 96 (i iudes aﬁféhﬁﬁﬁ%ﬁ sﬁﬁf@staehdﬁ aAfsRWRve, HROadisk 751
that creates a pI asma froma cleaning and/ or etchant 8as source 734E (e.g.

mol ecul @give (ptshowms, andiatqardjeack (rat Shewm)i cupled tha processor dehr Bameardrack

Chi's i ek Soupl 4k Shu R luck iSO oAl el iR i ob ol LL?[“ 754

vi a appbé#dd @bt M),?lﬁferfaarmom @bt sHownYedd stepperafibt Borithallee beats (ot P! asna
(e.g., cavity 753 and applicator tube 755) nust be resistant to attack by
t he p| ashesvn).THhAe system controller conforms to the Versa Modular European (VME) standard,

20  which defines board, card cage, and connector dimensions and types. The VME standard
also defines the bus structure as having a 16-bit data bus and 24-bit address bus. System
controller 731 operates under the control of a computer program stored on the hard disk drive
or through other computer programs, such as programs stored on a removable disk. The
computer program dictates, for example, the timing, mixture of gases, RF power levels and

25  other parameters of a particular process.

[0076] 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 in a stated range and any other stated or

30 intervening value in that stated range is encompassed within the invention. 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
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di stance between reactor cavity 753 and feed port 754 may be kept short to
reduce their deactivation before they reach the reactor cavity 753.
Activating the cleaning plasma and etchant in a renote cavity allows the
use of an efficient mcrowave generator and does not 10 subject chanber

i Shar st umerkay: HRegr ek iciios B e B o x bdnagi it

rel ati vigdt oS @a5é inciRled HRIMRARCAIESinchidedirPde hvRati6RSt ati ¢ chuck 720, do not
need to be covered with a dummy wafer or otherw se protected, as nay be

require b i I I L Rl QU cantrol | er
760 con094TIAy FasRisth bttt 5 U RETRLAG, BeRRERR o1, BT B GRRGAC
cont r ol in€ladé ?ﬁu&lrtefewilmlnﬂemmomez@ Bleaﬂt @ictadés hdraiigd. dihak, fr extenple f | oppy
disk drive (not shown), and a card rack (not shown) coupled to a processor

761.5 Thesference to Az Rrocessy Inchides p pluxalify of sechinsegasses and geferencsRCthq etehanthown) |
anal og | di i / u r / i f s (not
ahouny, RadL e Eice' BHE PR bR 3gbiilen R BEIO RN 0 1REE SERBEB

cont r ol thefartg@id orfotht o t he Versa Mdul ar European (VME) standard, 20 which
defines board, card cage, and connector dinmensions and types. The VME

st andar i ' "G o a1 VAl U NORN oY I us and

24- bi t g)%?]le‘gféo’g@é %gsstcg%pﬁg%ntér 0 rgg#{g?s%?%‘%ger’ a’?lgcslﬂ(li}r}%g’er ?hgﬁ%@ﬁ% ol of a
conput ewh¢r axgdamtiss speeification el inahelfollioskngitlaive arointérded tig kpecifiieiie conput er
prograns, such_as pro%Lans stored on a renovabl e disk. The cqnputer program
di cltht eRresengs ofstatie features, dntegers, fmpansnts; O sigps, Yat sy dpmopprselude thge| s and 25
ot her p 3 t] - alues is
or ovi deletet B aidifiorPo Rlle dr ArBOIRE RAREG, incMf ot G oeAERE gtopk?, UOF 1 e
unit of the lower Iimt unless the context clearly dictates otherw se,
between the upper and lower limts of that range is also specifically

di scl osed. Each small er range between any stated val ue or intervening val ue
in a stated range and any other stated or 30 intervening value in that
stated range is enconpassed within the invention. The upper and | ower
limts of these smaller ranges may i ndependently be included or excluded in
the range, and each range where either, neither or both limts are included
in the smaller ranges is also enconpassed within the invention, subject to
any specifically excluded limt in the stated 20 range. Were the stated
range includes one or both of the limts, ranges excluding either or both
of those included Iimts are also included in the invention. [0077] As used
herein and in the appended clains, the singular forns "a", "and", and "the"
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include plural referents unless the context clearly dictates otherw se.
Thus, for exanple, 5 reference to "a process"” includes a plurality of such
processes and reference to "the etchant” includes reference to one or nore
etchants and equival ents thereof known to those skilled in the art, and so

forth. /9K words "conprise,"” "conprising," "include,"
"I ncl uding, s st s" when used in this specification and in the

following clains are intended to specify the 10 presence of stated
features, integer$, coApuethod of foomirg adislectigtmatérial inle swivstrater gaplusihg a he

presence. or. addi tion aof on r nor.e other features, integers, conponents,
sjtepg, ﬁ’lgg&eBﬂg'splas%?Wm tﬁ?gfjgmﬁﬂﬂﬁ/ED IS: 1 1. A nethod of formng a
dielpctric material inggosihgta MbEpditich sEthbdicfectric Ma@HaDRRSThHE BaphidiiRe t he

met hod conprising: 3 depositing a first portion of the dielectric naterial
i nt o4 t hbighedonsitytplasthas 4 hi gh-density plasma; 5 exposing the first portion

of dielectric material to an .etehant . 6 rising reactive,species froma
m xture that includes WS%&EMPO%WH#R%B% qrfl%ﬁﬂggtofapﬁgﬁh fortion of the
di el @ct cofipridiEfcadtive spetiBE B Mixtive (i inchudes WH,ARANE-y afd asma. 1 2. The

met hod of claim 1, wherein the mxture that includes NH3 and NF3 2 includes
f1 oW ng toget her separ derostingraciinal pertinpef thedlieledric materigh én biegap Withahe r at e
ratig) o&}gﬁ_({\ng' NF13 is about 2:1 or nore. 1 3. The nethod of claim 2, wherein
the 1 oWePHBSILRIAE%t NH3: NF3 is about 2 8:1 or nore. 1 4. The method of

claim1l1, wherein the reactive species conprises a 2 fluorine radical. 1 5.

The et hod of clapm 1, Thegaietiod oficldids whareiPtht intiRtudé tHabichies NiH4@nd NFReci es
are created in a plasna that is generated fromthe m xture that includes NH3

and ArF3includegflowing tagethercseparatel saniersof N e prd NFy, 9ad pheesin a iflow iataretie of
genegatﬁg*%\nﬁ%gt Zajtgml;r;%er where the etchant is exposed to the first
oF the areléCtri :

portion ric material. 1 7. The nmethod of claim1l, wherein the
etchant reacts to forma solid 2 reaction product from a protruding
strurture of the @iel eThe nmethoalofician 2, hiereid the dst raparatio aif INH;:NF; is about

2  8:1 or more.

1 4, The method of claim 1, wherein the reactive species comprises a

2 fluorine radical.

1 5. The method of claim 1, wherein at least a portion of the reactive

2 species are created in a plasma that is generated from the mixture that includes NH; and NF;.

1 6. The method of claim 5, wherein the plasma is remotely generated

2  outside a chamber where the etchant is exposed to the first portion of the dielectric material.

1 7. The method of claim 1, wherein the etchant reacts to form a solid
2 reaction product from a protruding structure of the dielectric material that at least partially
3 blocks the deposition of additional dielectric material into the gap.

1 8. The method of claim 7, wherein the solid reaction product is removed

2 from the substrate by heating the reaction product to convert it into a gas phase.

1 9. The method of claim 1, wherein the first and the final portions of
2 dielectric material are deposited by exposing the gap to a silicon containing precursor and an

3 oxygen containing precursor.
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3 bl ocks the deposition of additional dielectric material into the gap. 1 8.
The nmethod of claim7, wherein the solid reaction product is renoved 2 from
the substrate by heating the reaction product to convert it into a gas
phase. 1 9. The nethod of claim11l, wherein the first and the final portions
of 2 dielectric material are deposited by exposing the gap to a silicon
cont.ai ni ng precursor an xygen cont ai ni ng. precyrsor. 22 1 10. The

net hod of claim 7f&m:'?€? weﬁqﬁ OSF%%EgnW Sﬁﬂrla&ﬁisﬁlﬁgw%rﬁmpwﬂuﬁ%npri ses
TECS angbripifse® FEOS ndARé 8k ypiel GoRtaReny Sre¢ursdhipsisss ¢xoape. 1 11. The met hod
of claim1, wherein the dielectric material conprises 2 silicon oxide. 1
12. The method of claim 1, wherein the high-density plasnma has an 2 el ectron
density of about 1b" tEhamethodwf chimddwhereinothe diclectrigsmptesial ¢asmprises about

0. 001 t81i90n10xi 13. The method of claim1l, wherein the depositing steps and
t he "exposing ‘'step are perforned in a single reaction chanber. 1 14. A

nmet hod of formng a dielectric material in a substrate gap using a 2

hi ght density pl ashl, tTke methoddfchimri shagin the Highoddnkityglasmbihasén porti on of
the dielectric material into the gap with the 4 hi gh-densit%{ gl asng,

wherki nelestEonsnsity of 3hout LY ndo L0 peit randan donizad gas fragtionek about 0.0850 Qhrtial 1y

5 bl ocks the deposition of the dielectric material into the gap; 6 exposing

the first portionyof d li%f ni @ & | SJ eactive
specll es froma m }é)'ure tﬁg{éﬁl{oﬁcl u eﬂé N%eltgﬁld Ellgg[B msé‘?pﬁ%%ﬂﬁgﬁéet (?Egﬂ% 8

forms astsphieperformed i gingld uedction thantee pr ot rudi ng structure; 9 renoving the
solid reaction product fromthe substrate; and 10 depositing a final portion

of the dielectric material i e gap with the 11.high-density plasma. 1
75 The et hod of 181 a fisaofabREnfi delseiie et it = SHastateasisliedng 2 Nea
i nclydegighl R HOSE RCheBRRbApAsiAGUr C€S of NH3 and NF3, and wherein a
flowrat€ ratio 3 of NH3:NF3 is aboUt 2:1 or nore. 1 16. The nethod of

claiin 14, wherein at | depmisitmgpdirst portiof oi_fthed'rewtrid meteBakiptrihe gapwithdheat ed
I8, Pl e R e SR BL Jp ST o S s dii b nl Gt 1Ie S RS pand D3

5  blocks the deposition of the dielectric material into the gap;

exposing the first portion of dielectric material to an etchant

6
7  comprising reactive species from a mixture that includes NH; and NF3, wherein the etchant
8 forms a solid reaction product with the protruding structure;
9 removing the solid reaction product from the substrate; and
10 depositing a final portion of the dielectric material in the gap with the

11 high-density plasma.

1 15. The method of claim 14, wherein the mixture that includes NH; and
2 NF; includes flowing together separate sources of NH; and NF;, and wherein a flow rate ratio
3  of NH;:NF; is about 2:1 or more.

1 16.  The method of claim 14, wherein at least a portion of the reactive

2 species are created in a plasma that is generated from the mixture that includes NH;3 and NF;.

1 17.  The method of claim 14, wherein the plasma is remotely generated

2  outside a chamber where the etchant is exposed to the first portion of the dielectric material.

1 18. The method of claim 14, wherein the solid reaction product is removed

2 by heating the reaction product to convert it to a gas phase.
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1 17. The method of claim 14, wherein the plasma is renotely generated 2
out side a chanber where the etchant is exposed to the first portion of the
dielectric material. 1 18. The nmethod of claim 14, wherein the solid
reaction product is renoved 2 by heating the reaction product to convert it
to a gas phase. 23 1 19. The nmethod of claim 18, wherein the solid reaction
product is heated,do0 [ 0, . ty: L . 0, : t.hod of
forgli ng a diel ectlré'c é?%#%%ﬁggﬂégg’s{dﬁ%@ tﬁé:?or%léi %Q‘fﬂ%&kﬁ%@c}jéﬁeﬁg t?)I asnma,
t he Jvet hrehpeuieios anigast30deg@osi ting a first portion of the dielectric
material into a gap on the 4 substrate with the high-density plasma in a

HDPCVD chanber, wherein the deposition forns 5 a_ protruding structure that
at Ileast parti al 140-pl oBacth °§@5§§1&q@ﬂeﬁiﬂcméerml@péépmttatmlwmghe into

t he gapjang; i rate to an etching chanber and exposing the
2 p%enélt;% Pﬁ@rﬁ&%é hilégrotdfb%nﬁﬂﬂ ; I ng Xposi ng

first ortion o ectric terial to an etchant conprising reactive
sped es from a m xt ur eddpoaiting aifirst pottien dfHBe dietbctifcInatetialriaton gdpeonsthe hant

O Rk iR bl S s BRSSO Ol L, B
of the B O e R PRt

6 into the gap;

7 transferring the substrate to an etching chamber and exposing the first

8 portion of dielectric material to an etchant comprising reactive species from a mixture that

9  includes NH; and NF3, wherein the etchant forms a solid reaction product with the protruding

10  structure;

11 removing the solid reaction product from the substrate; and

12 transferring the substrate back to the HDPCVD chamber and
13 depositing a final portion of the dielectric material in the gap with the high-density plasma.
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