CHEM CAL° VAPOR DEPOSI TI ON SYSTEM | NCLUDI NG DEDI CATED CLEANI NG
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This application is related to Application Serial
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~ No. 5,346,578, issued September 13, 1994, and to
15 Application Serial No. 08/602,432, filed
contemporaneously herewith, each of which is
incorporated herein by reference in its entirety.

LD OF THE I NTION
20 This invention relates to chemical vapor
deposition (CVD) systems and in particular to

arrangements for cleaning high-density-plasma CVD
systems.

25 ACKGRO OF TH ENTION
Plasma-assisted chemical vapor deposition

systems are used to grow thin films on silicon wafers
and other substrates. In the course of growing the
film on the wafer or other substrate, the film is also

30 deposited on other locations in the reaction chamber.
Periodically, these deposits must be removed to prevent
them from building up to the point where particulates
are generated. Particulates can, for example, reduce
microelectronic device yield, since a die on which a

35 particle has landed during processing must normally be
discarded.



-2- "It is known to renove filmbuild-up with liquid etchants, vapor
etchants and plasma etchants. O these nethods, plasma etching is favored
because it- provides superior cleaning rates and can be performed w thout 5
exposing the reaction chanber to the atnosphere. These characteristics are
required for high deposition system préductivity. If the reaction chamber
is being used to deposit a SiJerr] film for exanple, NF[err] can be used
as a clean gas. ThertFierkhoyn assraredicv@ €41l baildeup adiclnl Figiid whi ch
react with the | T 0 dRYe to form
Si F4 and ot her \%Paﬁ{:%L ‘f'éér‘%l' %q{aﬁﬁg n'& k)eggﬁg géfégﬁgeg?féd Nt o the
reaction chanb@ﬁthﬁﬁﬁug31%$@#O%Eghﬁﬁﬁniﬁ ﬂag@FPSnb§9§F§ﬁ]1VWP¥9VH§FS may

i ncl ude a pl ur gupeyiet ELé&RAing Tt ate O™ fdamnbgapei-ﬂbmeawlheowh rected

radi al ly |@Marg Phggbéhehge£é£¢§{éh hal rr%%PEP%e %Eﬁ% aIgﬂQQQQ ot her

orientations o bés are possible [Oh process an
unwant ed film GbaFHEtGEE)§§i?$oﬁr?G'eq\¥m9& |f&|r MHFFBGBHOFHEI‘PWQYSWfaceS

of the deposit iproagetivibgs. ihl&;élx#éadmsin %ahbGQVQd BEilgusé®ags ng. - The

conventional practi LS ct t he cI hr ou h t he,same t ubes
that were used‘flg’osg't%rodﬁéé t «g' gggsgx%agfe%\ ’OEFB Wi b ﬁe?h?§ ? echni gue
i s that clean gas. The NF3 plasma creates fluorine radicals

10 which react with the Si0, £film under the influence of
ion bombardment to form SiF, and other volatile
compounds. .

The process gas is injected into the reaction
chamber through a process gas injection system, which

15 may include a plurality of tubes. The deposition gas
tubes may be directed radially inward from the
periphery of the reaction chamber, although other
orientations of the tubes are possible. During the
deposition process an unwanted film of the deposition

20 material forms on the inner surfaces of the deposition
gas tubes. This film must be removed during cleaning.

The conventional practice is to inject the clean
gas through the same tubes that were used to introduce
the process gas. A problem with this technique is that

25 it has been found to be a very inefficient way of
removing the film which forms on the insides of the
deposition gas tubes.

Thus there is a clear need for a way of
effectively cleaning the'deposition gas injection tubes

30 of a plasma-enhanced CVD systen.

Fluorine-bearing compounds are frequently used as
the clean gas. Following the clean cycle, a fluorine
residue remains on the walls and other surfaces of the
reaction chamber. The fluorine residue must be removed

35 for safety reasons and to insure that the film adheres

' to the reaction chamber surfaces in the subsequent
deposition cycle. U.S. Patent No. 5,129,958 describes
the use of a reducing gas to remove the fluorine
residues, but this process requires the use of elevated



25 " it has been found to be a very inefficient way of renoving the film
whi ch forns on the insides of the deposition gas tubes. Thus there is a
clear need for a way of effectively cleaning the deposition gas injection
t ubes 30 of a plasma-enhanced CVD system Fl uorine-bearing conpounds are
frequently used as the clean gas. Follqgying the clean cycle, a fluorine
residue remains on the walls and other surfaces of the reaction chanber.
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el evat ed -3- reaction chanber tenperature, which is difficult for many
systens, and therefore takes an undue anount of tine. 5 SUMVARY OF THE

| NVENTI ON AR pl| SUNMABK QR EHE 1Y ON;apor deposition systemaccording to
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or tube. The deteasfigotbl bhfs Olnyaes dif AGEEL e 10058 bR Where 10

m ni mal deposition occdrs du ar at
dedicated clean gas injectlon orifice or tube. The

dedicated orifice or tube is placed at a location where
10 minimal deposition occurs during the operation ‘of the
CVD system. In the preferred embodiment, the process
gas is injected into the reaction chamber through a
plurality of tubes. The dedicated clean gas injection
- orifice or tube is located between the wafer supporting
15 chuck or platen and the outer wall of the reaction
chamber, and at level approximately equal to the level
of the wafer supporting chuck or platen when a wafer is
being processed in the reaction chamber. This position
is chosen to minimize deposition on the clean injector,
20 minimize particle generation from the clean injector,
and maintain the ability to effectively clean surfaces
near the clean injector. The dedicated clean gas
injection orifice or tube is also positioned so that it
directs the clean gas to the film-coated surfaces of
25 the reaction chamber before the clean gas reaches the
exhaust pump port.

In the preferred embodiment, during deposition
processing a hemispherically-shaped coil is used to
inductively couple energy to the plasma. The top of

30 the coil is typically connected to a power source while
the bottom of the coil (the circumferential turn of the
hemisphere) is grounded. In accordance with another
aspect of the invention, during cleaning both the top
and bottom of the coil are driven by a.powér source,

35 and the coil as a whole acts to couple energy, mainly
capacitively, into the plasma. Also, typically the
coil is operated at a significantly higher frequency
during the cleaning cycle than during processing. With
these modifications, the coil produces a plasma which



CVD'system In the preferred enbodi ment, the process gas is injected into
the reaction chanber through a plurality of tubes. The dedi cated cl ean gas
injection orifice or tube is |ocated between the wafer supporting 15

chuck or platen and the outer wall of the reaction chanber, and at |evel
approxi mately equal to the level of tle wafer supporting chuck or platen -
when a wafer is being processed in the reaction chanber. This position is
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cycle than durlmﬁf quggnqﬁ?d ﬁemove fluorine-bearlng re51dues

from the surfaces of the reaction chamber following the
clean cycle. The use of the plasma makes the fluorine
removal poséible at low temperatures (25°-100° C).
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BRIEF DESCRIPTION OF THE DRAWING

Fig. 1 is a cross-sectional view of a high-
density-plasma chemical vapor deposition (HDP-CVD)
system in accordance with this invention.

20 Fig. 2 is a perspective view of the lower portion
of the HDP-CVD system shown in Fig. 1.

Fig. 3 is a schematic diagram of the electrical
circuitry for supplying power to the coil in the HDP-
CVD system'showﬁ.in Figs. 1 and 2.

25 ,Figs. 4, 5A, SB, 6A and 6B are graphs showing
optidél emission spectroscopy (OES) scans which
illustrate the results of a series of comparative tests
between conventional cleaning processes and a cleaning

process using a HDP-CVD system according to this
30 invention..

DESCRIPTION OF THE INVENTION
An HDP-CVD system 10 is shown in cross-sectional
view in Fig. 1. A perspective view of the lower
35 portion of HDP-CVD system 10 is shown in Fig. 2. HDP-
CVD system 10 includes an aluminum housing 100 and a
hemispherical induction coil 102 that is provided in an
- expanding spiral pattern on six winding forms -- only
forms 104 and 106 are illustrated for clarity. Six



these nodifications, the coil produces a plasma which -4- is _
particularly well suited to cleaning the inside surfaces of the reaction
chanber. The geonetry of the coil is such that electrical self-resonances
occur at the higher frequencies. It is 5 believed that this property of
the coil makes this electrical configuskation robust for powering cleaning
pl asmas of varying conpositions and, therefore, varying electrical
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channels in e winding forms, e.g. 104 and 106, by
any suitable dielectric strapping, adhesive, or cement.

10 Although induction coil 102 is a nearly complete
hemisphere in Fig. 1, alternatively the induction coil
could be in tﬁe shape of a partial or truncated
hemisphere.

The induction coil 102 is made of copper tubing

15 having an inner diameter of 3.6 mm and an outer
diameter of 6.4 mm. The expanding spiral pattern of
the induction coil 102 has 21 windings. The first
winding is nearly coplanar with a semiconductor wafer
108, which is shown in position for processing.

20 During processing operations, the induction coil
102 is positioned around a reaction chamber 110 which
is formed by an aluminum oxide (Alg%)'véssel or bell
jar 112 in conjunction with an alumihum top plate 114.
Preferably, the vessel 112 is hemispherically shaped so

25 that there is a balanced coupling of rf (uniform
dielectric spacing) into the vacuum cavity. Generally,
the vessel material is an insulating dielectric having
sufficient structural integrity to withstand a vacuum.
Besides aluminum oxide, suitable materials include

30 quartz, pyrex, polyamide, and other oxide or nitride
composites. The induction coil 102 follows the
hemispherical contour of the vessel 112, which is

~capable of holding a vacuum and contains the substrate,
illustratively a semiconductor wafer containing

35 integrated circuit chips in fabrication.

The housing 100 is mounted onto the top plate 114
in any convenient manner. Fig. 1 shows the housing 100
as being engaged by an rf seal 116, which includes



CVD system shown in Figs. 1 and 2. 25 Figs. 4, 5A, 5B, 6A and 6B are
graphs showi ng optical em ssion spectroscopy (OES) scans which illustrate
the results of a series of conparative tests between conventional cleaning
processes and a cl eani ng process using a HDP- CVD system accor di ng to this
30 i nvention. DESCRI PTI ON OF THE | NVE§HI ON An HDP- CVD system 10 i s shown
In cross-sectional viewin Fig. 1. A perspective view of the |ower 35
portion of HDP-coyperydeavesOtbSpseesit i spuripus? rf dRPssCYRsSYs68MHE

includes an al yFpLERh [ 0 and a hemi spherical induction coil 102
that is providggh?h anggéggﬁd%gg%spiral pattern on six winding fornms --

only forms 104 and Ko&exr 408y | dilvatratitrln|200 mp ig diameter,fbsns are
used to sinplifsappeaesd withihhehé Nfekdt Ivh Whdmpk?2 119, t peaglrabigr form

types such @as It an r sui tabl e Il ., depending on e
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and 106, are n@ROVSTafprencedbhpphication Setiagh Nonclogd6odi ¢bactric

mat eri al s such vifichy lidie1ugese angustépmewi | 102 is held in place inside:

channe!s in the mﬁnq%ggpﬁprﬂs,1§8915J£§%§gELf%¥1v4¥£f§;& igLEgRLe dielectric
strappi ng, adhesive,  or 3E§Ht
. which is imparted by any suitable mechanism (not

10 shown). The position of the platen depends on whether
the HDP-CVD system 10 is operating in process mode or
in wafer transfer mode. The position of platen 118 in
the process mode is shown in dashed lines; its position
in the wafer transfer mode is shown in solid lines.

15 Bellows 120, which is provided to isolate the
mechanical components of the pedestal drive system at
atmospheric pressure from the vacuum in reaction
chamber 110, is extended. The wafer then rests on the
platen 118 within the reaction chamber 110.

20 For wafer unloading and loading, the platen 118 is
lowered into a wafer transfer region 122, which
includes at one end a sealable wafer transfer opening
124. The bellows 120 is compressed, and three lifter
pins (not shown) protrude through holes (not shown) in

25 the platen 118 so as to support the wafer in a

' statibnary'position within the transfer region 122 as
the platen 118 lowers. The sealable wafer transfer
opening 124 is provided to permit a wafer transport arm
(not shown) access to the transfer region 122 during

30 wafer transfer mode. Suitable wafer transport arms and
associated mechanisms are well known in the art. A
vacuum pumping system (not shown) of any suitable type
is connected to the transfer region 122 through a
vacuum pump port 126 for evacuating the reaction

35 chamber 30. Suitable vacuum pumping systems are well
known in the art.

. A plurality of process gas injection tubes 128 are
arrayed around the periphery of the reaction chamber
110. Tubes 128 are arranged radially and are directed



10 ° Although induction coil 102 is a nearly conplete hem sphere in Fig. 1,
alternatively the induction coil could be in the shape of a partial or
truncat ed hem sphere. The induction coil 102 is nade of copper tubing 15
havi ng an inner dianeter of 3.6 nmand an outer dianeter of 6.4 mm The
expanding spiral pattern of the inductfzen coil 102 has 21 w ndings. The
first winding is nearly coplanar with a sem conductor wafer 108, which is
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the process gas is to be dlstrlbuted over the wafer.
The embodiment shown is one possible process gas
injection tube configuration for using silane, 0, and Ar
to deposit a film of Si0,. In other embodiments, the
~ 15 .process gas injection tubes could be of a different
length from the process gas tubes 128, or they could be
oriented parallel to the wafer or pointed downward.
Separate from the process gas injection tubes 128
is a clean gas injector 129, which includes a clean gas
20 injection tube 130 which is made of aluminum and
extends from a clean gas fitting 131 at the side of
system 10. While clean gas injection tube 130 appears
as if it lies in a single vertical plane in Fig. 1,
Fig. 2 shows that clean gas injection tube 130 actually
25 bends ‘around backwards so that it approaches platen 118
between the process gas injection tubes labeled 128A
and 128B in Figs. 1 and 2.
Clean gas injector 129 also includes a ceramic
(Al,0;) sleeve 133 surrounding a portion.of clean gas
30 injection tube 130 to prevent the plasma from attacking
the aluminum. The tip of ceramic sleeve 133, which
forms. the outlet of the clean gas injector 129, is
located just above the level of the wafer 108 when it
is in position for processing, but in other embodiments
35 the outlet of the clean gas injector could be located
at a somewhat higher or lower level. Clean gas
injector 129 is directed upward and towards the highest
point within reaction chamber 110. The outlet of the



as being engaged by an rf seal 116, which includes -6- copper leaves to
prevent spurious rf em ssions fromthe HDP-CVD system 10. Wafer 108,

illustratively 200 mmin dianmeter, is supported within the reaction chamber
110, preferably 5 by an electrostatic chuck of the kind described in the
above-referenced Application Serial Nag08/ 602,432 which includes a platen
118. The platen 118 is capable of vertical notion, which is inparted by any

sui tabl e mechaghah(gak 1Qjecé$¥wgﬂoulényélygﬂékbﬂnrgﬁlgmg¥p$@£§{hgepends on

whet her the HDP-CVD § | perating I n process no I'n waf er
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dashed lines; its pBsbtess gastiwjewtiion ttuesf azsmtgpicaliposrei n solid
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whi ch includes at one end a sea r opent ﬁanl%i The
bel | ows 120 |stSSHHHBs§BHesaHH3thr%%FI¢¥§Rnle: if sio, is being

deposited, NF; may be used as a clean gas. The NF,

10 .produces fluorine radicals which react with sﬂ% under
simultaneous ion bombardment to form SiF, and other
volatile compounds and thereby remove the unwanted Sio,
film. Physically, however, the flow of the clean gas
through process gas injection tubes 128 inhibits the

15 ability of the clean gas (in this case the fluorine
radicals) to reach the interior surfaces of the process
gas injection tubes 128, and therefore the cleaning
process is very inefficient in these locations. It has
been found that, using this technique, the tubes can be

20 cleaned only by'introducing the clean gaé at a very low
flow rate, and even then the cleaning takes place very
slowly. At higher flow rates, the tubes may not be
cleaned at all.

Introducing the clean gas through the separate

25 clean gas injector 129 solves this problem. The
interior of the clean gas injection tube should remain
as clean as possible during déposition processing and
therefore the clean gas injector 129 is preferably
positioned at a location where minimal deposition

30 occurs during the deposition processing cycle of the
system 10. This would normally be at or below the
level.of the wafer during processing, but there may be
other regions. in the reaction chamber where the clean
gas injection tube can be located. To insure that the

35 clean gas reaches the film-covered surfaces, the
dedicated clean gas injector is positioned so that it
directs the clean gas to the surfaces of the reaction
chamber before reaching the exhaust pump port.
Moreover, the clean gas injector should inject the



pins (not shown) protrude through holes (not shown) in 25 the platen 118
so as to support the wafer in a stationary position within the transfer
region 122 as the platen 118 |owers. The seal able wafer transfer opening
124 is provided to pernt a wafer transport arm (not shown) access to the
transfer region 122 during 30 wafer t+%nsfer node. Suitable wafer
transport arms and associ ated nechanisns are well known in the art. A
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configuration Stnj ection tubes 128 shomn in Figs. 1 and 2 is
The hemispherical coil shown in Figs. 1 and 2 is

10 particularly useful in generating a high densif&
plasma. High density plasmas (e.g., 10"-10" ions/cm®)
are used with low pressures (e.g., 0.1-100 mTorr) in
situations where deposition and/or sputter etching are
required. As described in the above-referenced U.s.

15 Patent No. 5,346,578, the coil is driven by connecting
a low-frequency rf source (e.g., in the range of 450
kHz) to the upper terminal of the coil and connecting
the lower terminal of the coil to ground. _

While this arrangement provides a good plasma for

20 the deposition processing cycle, it has been found that
connecting both terminals of the coil to a relatively
high-frequency rf source provides a better plasma for
the clean cycle and can also be used for a deposition
processing cycle.

25 ,Circuitry for driving the coil 102 is shown in
Fig. 3. The upper terminal 102A and lower terminal
102B of coil 102 (see Fig. 1) are connected through
vacuum relay switches 30 and 31 to a lpw-frequehcy rf
source 32 and a high-frequency rf source 33. As

30 described above, low-frequency source 32 delivers an
output at 350-450 kHz; high-frequency source 33
delivers an output at 5-20 MHz and in this case at
13.56 MHz. The signal output of rf source 32 is fed
through a low-frequency impedance matching network 34,

35 containing an inductor L2 (7 uH) and capacitors C2
(12nF) and C3 (4.0-5.7 nF), and the signal output of rf
source 33 is fed through a high-frequency matching
network 35, containing a inductor L1. (0.95 uH) and a



determned by the particul ar processes that are to be 10 perfornmed by
HDP- CVD system 10 and by the way in which the process gas is to be

di stributed over the wafer. The enbodi nent shown is one possible process
gas injection tube configuration for using silane, Jerr] and Ar to deposit
afilmof Sigerr]. In other enbodi nreril®- the 15 process gas injection’
tubes could be of a different length fromthe process gas tubes 128, or
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i njection tubed F&b@?ﬁﬂt{% aﬁ@“?&SBﬁ rﬁleﬁcﬁébeﬁ ﬁhﬂ"il @‘%aﬂfﬁ‘g%ﬁﬁ nj ect or
129 al so i ncl ugeareecseabs cchrrisdxBd Hedhe h@@esuteﬁmnﬂanglmmwﬁ i on of:

clean gas 30 cb@heﬁbbonaﬁ&b&%W&& %@-‘ﬁ%ﬂ%f Hﬁzﬁ' 8?”%6 Ouﬁf‘”é’mk' ng the

al umnum The t céram C eeve 1 et~ of the
cl ean gas inj eSFSP"§29 i BUr beg t@kPaNing aswidches BByvandolltare ooty 108

when it igadn ﬁQStheONoi-ﬁalpop@lesaw)g,pdaﬂtﬂdhsqt aaa asbadiegwic € the
Cover 1 ovel o oiagd8 #R2 bBhFL ls ‘thiedied W hEEbe RS R RIS 1
102A and 102B. In this condition, the coil 102 acts
mainly through capacitive coupling to produce a plasma
which is particularly suitable for cleaning the
15 interior surfaces of reaction chamber 110.

Although in this embodiment the rf signal was
introduced at the terminals of the coil, in other
embodiments the rf signal could be introduced at two or
more other locations on the coil, e.g., at one terminal

20 and at the midpoint of the coil, with the other
terminal left floating.

In another embodiment of this invention the high
frequency power introduced at two or more locations on
the coil can be used to create a high-density plasma,

25 mainly by induction coupling. This plasma is suitable
of debosition processing. '

The clean gas is frequently a fluorine bearing
compound such as NF,, C,F,, é,Fs, SFs, or CF, (possibly

- with the addition of 0,, H, or inert gases) which as

30 described above is activated in a glow discharge. The
deposits are removed as volatile fluorides and oxygen.
Following the clean, residual fluorine and flﬁorine
compounds will remain adsorbed to the surfaces of the
reaction chamber. If these residues are not removed,

35 subsequent film deposits may not adhere to the surfaces
of the reaction chamber, resulting in flaking and
increased particulate generation. Also, operating
personnel may be exposed to excessive fluorine levels



I njector 129 is directed upward and towards the highest point within
reacti on chanber 110. The outlet of the cl ean gas injector should be

| ocated radially outside the periphery of the wafer. Process gas i nj ection
tubes 128 typically are exposed to the plasnma. As a result, when a wafer is
5 bei ng processed deposition nornal F¥loccurs on the exterlor and interi-or-
surfaces of the tubes 128. The conventional practice is to introduce the

cl ean gas throyghthebgsad€fon FEHabeadBlsS veinte@ Ebethe htmbSpHérdlenesited,
NF3 may be used_as cl ean gas. The NF[err] 10 produces fluorine radicals
whi ch react w PR®8F err] under sinultaneous ion bonbardnment to form

Si Flerr] and ot her ¥btlha#|keenfound Lhatd thieseeflupripecbearingvwant ed’

Sigerr] film rehgzauealt J:an B@V@iﬁﬁvedb ; fnltéaw.e,OBft aehyaﬁaaeﬂfﬁﬁma)lugh
rocess gas. in oR.tubes its the 0 g cl ean gas
?in thisgcige Pﬁg b abffﬂﬁl? CQX%%°QQ?IW? “aﬁs ?Hf rﬁ%% AYPPAEes of the
process gas |npqdrpqﬂntub@be1@@pmzsuhxdnng§momaapms viithnthg Hlweeitmeis very
inefficient i nﬁe'%@.&ﬁelsoﬁét fSPﬁ Hl.“ ‘Fl?:ﬁzlpeieé”' tfh%‘ﬁnﬁuh &k, aUﬁynGh:LQﬁéh :

AT A N R C A YA S O
slow y. At higlthe hydwogehemolédwelés bekl Irmotnatealed wlithnéHeafladtrine

10 residues in this way in the moderate temperatufé range
(25°-150° C) at which it is desirable to maintain the
reaction chamber components. At more elevated
temperatures the design and construction of the
reaction chamber components are much more difficult and

15 expensive. The plasma is essential for diSsociating
the hydrogen (and oxygen), as well as for providing ion
‘bombardment to enhance the surface reactions necessary
to remove fluorine residues from surfaces at low
temperature.

20 When the hydrogen plasma is initiated, the
pressure in the reaction chamber pressure by a factor
of 2-3 over the starting value (without the plasma).

As the process continues, the pressure falls,
eventually reaching the starting value. Following a

25 eight-minute clean cycle, the process generally takes
about two minutes. If the hydrogen is mixed with
oxygen, the time required for the process is reduced by
33% to 50%. ,

The following are illustrative variables for the

30 passivation process: The hydrogen can be introduced at
a flow rate of 50-1000 sccm, with oxygen at a flow rate
of 0-500 sccm. The starting pressure in the reaction
chamber can be in the range 0.1-5 Torr. The coil can be

energized with an rf signal having a frequency of 150
35 kHz to 13.56 Mhz at a power of 500-5000 W.

Comparative Test Results
Tests have been conducted to compare the
effectiveness of a cleaning system according to this



| ntroduci ng the clean gas through the separate 25 cl ean gas injector 129
solves this problem The interior of the clean gas injection tube should
remain as clean as possible during deposition processing and therefore the
clean gas injector 129 is preferably positioned at a | ocation where m ni nmal
deposition 30 occurs during the deposi3don processing.cycle of the system
10. This would normally be.at or below the |evel of the wafer during

pL ocelssi ng, bulinleatfofitwitk ObMeEnt BsHaNTldaning bgae&itnen c-hﬁabgg vvhelre
. P | QU e Cl ean
gas reaches nErRERi e bR ERP, Bfq Vil e iRl R Ehe. LAk

gas reaches the . ; d Clleangas injector is
posi tioned so fthicknesg pEcfilndeposikedon Mafiexs susingethefsyskenecaction

chanber bef orleilhe&nbi aepbheteéhmm?pmw& byMtheOta e tbﬁu_ﬁf@&nt&?s

i nj ector shou hnj -9-_cl ean at .a_point ich,is.ng closer

t han aboutr}’i C%#%‘?ﬁ%}%ﬂﬁdﬁga'gm%c %a.ggo ac@gg%ﬁi'chxggga?‘egg An about
1 cmfromthe pliasmagclepnchsthe remove ekl Luom dhecgurfipcast obethe
effectively cl gdaR4ioh chamberVpétfodiCarlyyad that Hhdst e41h428c880wWn in.

oS oot 2 1l WSRO, 208 ksl 90, Ao e 136 other
A high cleaning rate is desirable to maximize the
10 number of wafers per hour that the system can process.
In the tests, NF; was used as the clean gas to
remove a Si0, film. The time required to clean the
reaction chamber was monitored by optical emission
spectroscopy (OES). With this technique, the intensity

15 of light of a certain wavelength in the emission
spectrum of fluorine is measured, the intensity being
directly proportional to the concentration of fluorine
radicals in the plasma. As noted above, the fluorine
radicals are responsible for the removal of the sio,

20 film from the reaction chamber surfaces. At the
beginning of the plasma clean, there is a great deal of
film left to remove, and the available fluorine is
rapidly consumed. Thus the optical emission intensity
of fluorine is relatively low. As the clean continues,

25 less'ﬁilm remains to react with the fluorine radicals,
and as a result the fluorine concentration increases
until, at the end of the clean, it reaches a steady
value. The optical emission signal correspondingly '
reaches a steady value at the endpoint. Thus, for a

30 given £ilm thickness deposited on the wafers in the
reaction chamber, the optical emission measurement
provides an indication of the effective clean rate.

The effective clean rate, however, does not
provide complete information about the effectiveness of

35 the plasma clean. The endpoint of the optical
emissions may occur without the film having been
completely removed from all areas of the reaction
chamber. In particular, if the clean gas is introduced
through the process gas injection tubes, the film may



The heni spherical coil shown in Figs. 1 and 2 is 10 particul arly useful

I n generating a high density plasnma. Hi gh density plasnmas (e.g.,
10[err]-10[err] ions/cnferr]) are used with | ow pressures (e.g., 0.1-100
mlrorr) in situations where deposition and/or sputter etching are required.
As described in the above-referenced U-$3-15 Patent No. 5,346,578, the"
coil is driven by connecting a | owfrequency rf source (e.g., in the range
of 450 kHz) t onbhkebapentirelynirenowvdd tfivoncdhle dntterdanesurfigcesieof oner

termnal of theneOkunks. Ir PhéFerd¥d &d m&ﬁa@aageaﬁgieeé%g@s a good

pl asma for 20 thi de§05|t on“%500e55|nq%%¥§}e, |%. as pbeen found that
connecting bot FeEBt%n F§“6# ipRpegtion ZERCEAONFRATPSE quency rf
source provi desuxrfheesewapl madea torddétermilneawhiphl eleadingmetlsod be used
for a depositi p ' : ' etry r b the coi
102 is shO\S/!\% i(r%gilgl ,E.gﬁg?ﬂfﬂgsﬁ%é%‘?l?geftrﬁ?naﬁesfo?Ersglr#crfhl'owgirq ?géif#%\a * 102B of
coi|l 102 (see fhg SEpbildit¥ And RRif ey Pty Gy Flrarapladpe c¥eEe 30 and 31
to a | owfrequadspnalilysobseevéd. arkber RBtabifridyuandy uni feopmite 88. As 30

descri bed abovqyd QiabRRINEACYe381ES SnoRurfdrkP TopRad bR ULRG! ¢ BER- 450 KiE:

hi gh-frequency sour.ce Il vers an out put at I'n this case at
13.56 Miz. The & Gififexgnbudrens oL Sthe deeaptian cbambrroughnathds f requency
i npedance 1t cldak@ ,Ne¢heorkadtiol Schanbel amdtdrti s icatiueugfek? (7 [err]H)

and capacitors (g (it he@ldk Fn( e 8ad thd P 1P Mhnlcd 315+ 408! 18UAPYS, OF T
and this can lead to increased contamination of the
wafers and the need for more frequent maintenance of
the reaction chamber.

15 Three tests were conducted, the results of which
are illustrated by the OES scans shown in Figs. 4, S3,
5B, 6A and 6B. The horizontal axis in each of these
figures is the time (in seconds) from the beginning of
the cleén, and the vertical axis represents the level

20 of the emission intensity (in arbitrary units).

In Test #1, the coil was energized at a low
frequency (350-450 kHz) and 2 kW. The signal was
applied to the upper terminal of the coil, and the
lower terminal of the coil was grounded. Fig. 4

25 illugtrates an OES scan of a clean cycle under these
conditions with the NF; clean gas being introduced at
600 sccem and at a pressure of 1.6 Torr. A waveléngth
of 686 nm was measured. The effective cleaning rate of
the plasma clean was fairly good (8000 A/min), and the

30 clean was completed in about 400 seconds. The
effective clean rate was not ﬁery meaningful, however,
because not all surfaces of the reaction chamber (in
particular the inside surfaces of the process gas
injection tubes) were cleaned. Particle counts on

35 wafers processed following the clean were unacceptable.
Also, the plasma stability and uniformity were poor in
Test #1. ‘ |

In Test #2, illustrated in Figs. 5A and 5B, a two-
step clean process was used. Fig. SA shows an OES scan



source 33 is fed through a high-frequency matching network 35, containing a
I nductor L1 (0.95 [err]H) and a -10- capacitor Cl (200 pF). The val ues
of capacitors Cl1-C3 and inductors L1-L2 may be varied. Switches 30 and 31
are single pole, double-throw switches and are ganged together. During
deposition 5 processing, switches 30-¥d 31 are in the Normal O osed (NCO
positions. Thus, as described above, the 450 kHz source 32 is connected to
t he  upper ternagaro4d OR, cdnd Arig.lEB shotist ha OBRBescaeratnése 10RB of coil

102 is grounde ri C ' Spad éyga I in the
Nor mal Open (r\%?a%éi |%né?%$lc:%ass (\gff’ggﬁ?st %e 1%?!\?&1%25& %felei S
connected to bbracesstgast tnjgclian tybes ad popBespRrenPt tondfWon, the
coi | 102 alctsI TR Bh¥ rlhfﬁﬁgbtqapaaciniiqte fAouprate be pleadncgasm (Basna which
is particul_ar suit e eany t i i f reaction
chanmber 110. A%Fﬁ%hgﬁgfna% i%&%hbggﬁg%n.%?#%drgggﬁgﬁgléaéséﬁﬁf?%guced at
the terninals dn ahoutobP0 secends buthisid Mot §1epB thesipiifecoul d be

it nt erulcegoat Emfabﬁavb_edeh_heﬁréfs@é igats e ddtdonoithbes. 9. Inathene :
e 2D oBheh " BBb Tefen el £, gl Bl e FLBU" o1
rate of the NF; was reduced to 100 sccm. This was in

10 recognition of the fact that the high flow rate of the
clean gas through the process gas injection tubes
prevents proper cleaning of the interior surfaces of
those tubes.

In Test #2, the power supplied to the coil was a

15 13.56 MHz signal at 4kW. The signal was applied to
both terminals of the coil. This high frequency signal
provided a substantially different voltage signal in

_the coil as compared with the low frequency signal used
in Test #1. This, in conjunctioﬁ with the second step

20 of the test, led to an effective cleaning of all
reaction chamber surfaces, including the insides of the
process gas injection tubes. In addition, the high-
‘frequency power provided improved plasma stability and
uniformity. Also, the high-frequency (capacitive)

25 power coupling occurred at a relatively low maximum
voltage. This reduces the intensity of the plasma
attack on the reaction chamber materials themselves.
However, the overall clean rate of only 3400 A/min was
mediocre.

30 Test #3 is illustrated in the OES scans of Figs.
6A and 6B, Fig. 6A being at a wavelength of 704 nm and
Fig. 6B being at a wavelength of 686 nm. In Test #3,
the clean gas was introduced through a separate clean
gas injection tube, in accordance with this invention.

35 The clean gas injection tube was located in a position
where it received minimal deposition during processing

. yet delivered the clean gas (NF,;) to surfaces of the
reaction chamber which receive substantial deposition.
The flow rate of the clean gas was 1000 sccm at a



frequency power introduced at two or nore |ocations on the coil can be used
to create a high-density plasma, 25 mainly by induction coupling. This
plasma i s suitable of deposition processing. The clean gas is frequently a
fluorine bearing conpound such as NF[err], Cerr]Ferr], CJerr]F[err], )
SF[eri], or CF[err] (possibly with thel@ddition of err], Herr] or inert
gases) which as 30 descri bed above is activated in a %Iom/dlscharge. The
deposits are r P¥eesdrgsofol aTere- f |The iRRWET,ARPYEy §entheorPdhi YR8 t he cl ean,
resi dual fl uoriiesensk! aer & new conmasirsffedtiver elean sdserwas 12o0de
surfaces of th (o I.du n , 35
subsequent fil %’&3%63%?2 rgrggg%)‘g s_aéi%p#?}{eke?ge%ﬁog’ur ggégrogi?ﬁg@%a tion
chanber, resul tihegProceEgkoag tnderhion ukes)awereyeffecdmetdti on. Al so,
operating F\Eﬁ;;@l@_&heﬁ@Yahg enaOﬁedbimeaaﬁiwﬁcfrdmwnefll euﬁl pl?)smékf f t heOI
reacti on chanmber is vente t shher ned._lt has been foun
that these fl udtS5TeI5e in8£$5§igﬁ€‘t§%¥v esiogjr%m}%% ;lgrsfgans of a hydrogen
plasma, 5  whiasivagitageoust poshienipyn 0H|thaldearHgps injegtdanc hydrogen.
The atom c hydrneih gifde! & Wollbrt 8££éétiDid Natie Bl BanAngobit HEtihi ch i's
t hen punped awa thr%ti t he exhausi S sttgm W't€1q_3{ the '?rperation of a
pl asme, the hydISFEFSRNAYLCEENF I LTI EARES 1) M ESPCTdP e

10 chamber.

The results of the tests are summarized in Table

1 L
Table 1
Effective: All Surfaces | Plasma Stability
Clean Rate | Cleaned? and Uniformity
(A/Min)
15 “Test #1 8000 ‘ no _ poor
“Test #2 2400 yes good “
HTest #3 12000 - yes ~ good ﬂ

While spetific embodiments according to this

20 invention have been described in this specification, it
will ‘be apparent to persons skilled in the art that
numerous alternative embodiments may be constructed
without departing from the broad principles of this
invention. For example, while the embodiment described

25 concerned a high-density-plasma chemical vapor
deposition (HDP-CVD) process, this invention may also
be used with other types of processes such as chemical
vapor deposition (CVD) processes, plasma-enhanced
chemical vapor deposition (PECVD) proqeéses, and

30 sputter-etching processes. While the process gas
injection system described comprised tubes, other types
of process gas injection systems, such as those which
employ showerheads or ring injectors could also be used
with this invention. This invention, as defined in the



10 residues in this way in the noderate tenperature range
(25[err]-150[err] C at which it is desirable to maintain the reaction
chanber conponents. At nore el evated tenperatures the design and
construction of the reaction chanber conponents are much nore difficult and
15 expensive. The plasnma is essenti-dl6-f or dissociating the hydrogen (and
oxygen), as well as for providing ion bonbardnent to enhance the surface
reacti ons necefoddpwingr chpiwsi | imrinkended heedniclydesadfiaseshat | ow
tenperature. 2QiternatiVéecambb@inysEé®gen plasma is initiated, the pressure
in the reaction chanber pressure by a factor of 2-3 over the starting val ue
(without the plasma). As the process continues, the pressure falls,
eventual ly reaching the starting value. Following a 25 ei ght-m nute cl ean
cycle, the process generally takes about two minutes. If the hydrogen is

m xed with oxygen, the tinme required for the process is reduced by 33%to
50% The following are illustrative variables for the 30 passi vati on
process: The hydrogen can be introduced at a flow rate of 50-1000 sccnt
with oxygen at a flow rate of 0-500 sccm The starting pressure in the
reacti on chanmber can be in the range 0.1-5 Torr. The coil can be energized
with an rf signal having a frequency of 150 35 kHz to 13.56 Mz at a
power of 500-5000 W Conparative Test Results Tests have been conducted to .
conpare the



ef féctiveness of a cleaning systemaccording to this -12- invention with
conventional cleaning systens. The effective cleaning rate was defined as
the total thickness of film deposited on wafers, using the systemin +he
deposi tion node, divided by the tinme required to 5 ﬂlﬂﬂ“ﬂe“lummmmn t he
reaction chanber. A goal of the plasma-id-ean is tor i he
surfaces of the reaction chamber periodically so that thi%s f4 | th ddes” not

fl ake of f and cuagMshi gh particle counts on wafers. A high cleaning rate is
desirable to maxi m gR hEih? nunmber of wafers per hour that the system
can process. In the tests, NF3 was used as the clean gas . to renove a
Sigerr] film The tlisne PeBYBEER for PERELIHIY @ SUPSHFER&nber was
moni t ored by opiowpalisdfigsai peaspiehrcisamippr ( @aS)d réaciibhi ehambéni que, the
intensity I égﬁﬁé'%q Qf a certain wavelength in the em ssion spectrum of
fluorine is neasu ed} the intensity being directly proportional to the
concentration of fluorin@ FRUFKAFST | FUPPREANGE P SURSLEEted above, the
fluorine radicals are reappieckse as impedtciow aystfeni;hen8 Jerr] 20 film

fromthe reaction chanber rfac . Walgl f. . the.Rl asma cl ean
there is a great deal ofaf?#ﬁ%ﬁeﬁést5€$%%%®%?§§%§£ﬁ%%fgygi g%ﬁe fluorine is
rapi dly consumed. THREPcess gpsi dndeehian|systencmald clean gas

10 injector being oriented so as to direct a flow of

a clean gas laterally and upward into a region
. within said chamber above said chuck.

2. The system of Claim 1 wherein said clean gas
15 injector is positioned such that an outlet of said
injector is located laterally outside a periphery of a
substrate supported on said chuck.

3. The system of Claim 2 wherein said outlet of
20 said clean gas injector is located near a plane defined
by a surface of said substrate.

4. The system of Claim 2 wherein said reaction
chamber is at least partially enclosed by a vessel and
25 said outlet of said clean gas injector is located at a
distahce of more than one centimeter from any surface
of said vessel or said chuck.

5. The system of Claim 1 wherein said clean gas
30 injector comprises at least one tube.

6. The system of Claim 1 wherein said clean gas
injector comﬁrises a metal tube and a ceramic sleeve
for protecting said metal tube from a plasma within

35 said chamber, said sleeve covering an end region of
said metal tube.



of fluorine is relatively low. As the clean continues

remains to react with the fluorine radicals, and as a result the fl|uorine
concentration increases until, at the end of the cl im‘uu“! c“! ﬂmsteady
val ue. The optical em ssion signal correspondingly al ue
at the endpoint. Thus, for a 30 gi veril8+4 | m t hi cknes}¥ a‘ep05| ted on the
wafers in the reaction chanber, the optical em ssion neasurenent provides
an indication of t ha ef f ehki sgstémadf relLin 'ﬁhe:r@‘rfee.mt isu&dcbeaoesat e,

however, does ean g%ﬁ(ﬁoﬁggggﬁ oéf&ﬁ {@ééqp 4 ke getbygness of

35 the pI asma e optlc em Ss ons y occur
without the fil9ashdniestieBntubRBtetely renoved fromall areas of the
reaction chanber. In particular, if the clean gas is introduced through the

process gasginj ectl tutﬁ% F&Fﬁeﬁl Lge(gfg ere‘f%re squdegg_,é&gg renmoved

fromthe interior surfaces 0 o Provi conpl ete
test result, vigasmlinjestden §ubes are axzayedatlegusd: inker¥ads was nmde to

det erm ne whi cmfaxﬁﬁpwg:ém&mdaﬁls aﬂdssmo&ﬁam,prsa\mdgrbbesbegas
results. 1In addIIIqC}: B_'e stalllty and formty of..the clean pl asma

were visually oBEY n s CaBPei §13’P1 unl?oﬁ yd&Tr e pl asma can
lead to nonuni fRrOResSGAS t@ﬁarﬁé salid) central axis.

10
9. The system of Claim 8 wherein said process
gas injection tubes are inclined upward towards a
region within said chamber above said chuck.
15 10. The systém of Claim 1 wherein said reaction

chamber is at least partially enclosed by a vessel
having a generally hemispherical shape.

11. The system of Claim 10 further comprising a
20 coil, said coil being shaped in the form of a partial
. or complete hemisphere and being positioned adjacent an
outside surface of said vessel.

12. The system of Claim 11 further cohprising a
25 source of an AC signal, and lines for applying said AC
signal to at least two points on said coil.

13. The system of Claim 12 wherein said lines are
connected to an upper terminal and a lower terminal of
30 said coil.

14. A system for processing a substrate
comprising:
a reaction chamber at least partially
35 enclosed by a vessel;
a chuck for supporting a substrate within
said reaction chamber;
a process gas injection system;



in different areas of the reaction chanber. In this 10 case, thereaetion
chanmber materials can suffer enhanced attack in areas the filmrenoval rate

is high, and this can |ead to increased contam nation mlmmm“mﬂm d the
need for nore frequent mai ntenance of the reaction ch<]|1 S UNThr ee
tests were conducted, the results of wigh are illustrated by the "CES scans
shown in Figs. 4, 5A, 5B, 6A and 6B. The horizontal ‘axis in each of these

Vertical axi o represents cro L obor ARt KM drdbutBlat SaRrage| N°
vertical axis represents,.the |ev .. Of. S

arbitrary units). | R%ngtia#?f?sfﬁg' B \RRL L RETYIANG] te 9&“F6WFr€quency
(350-450 kHz) and 2pR@asmahwithinasaidsregqticd dchamdes ;upper terminal of the

coil, and the | ower termgngbupket £ g@iicvgﬁ?ﬂyijgg@ﬁ. Fig. 425
illustrates.an OES scan 9.f' a clean cycle under_these conditions_with the

NF[err] clean gas being iAPPBJERERRRIBIE Said A signalptesaty deast1. 6
Torr. A wavel ength d&wo6®ointtswen sabdueaill. The effective cl eaning rate of
the plasma clean was fairly good (8000 A/min), and the 30 cl ean was
conpl eted in about 400 seconds. The effective clean rate was not very
meani ngful , however 1%pec TSeS¥sten| of Gl s gthanedn sadd dinegaaber (in
particul ar the doriedteslitbaansuppet htepnDU£E arghsa iltwes iteininagspever e
cleaned. Pggticlays tis on 35 wafers processed follow ngthe clean were
unaccept abl e. so, thé plasma stability and uniformity were poor in

16. The system of Claim 14 wherein said AC signal

is at a first frequency, said system further comprising .
a source of a second AC ‘'signal at a second frequency

15 and a plurality of switches connected in said lines,
said switches collectively being operative in a first
position to apply said AC signal to said at least two
points on said coil and said switches being operative
in a second position to apply said second AC signal to

20 one of said two points and to connect a second of said
two points to ground.

17. A method of cleaning the interior surfaces

of a chemical vapor deposition (CVD) system to remove a
25 residue formed during a processing cycle of said

systém, said CVD system comprising a coil which at

least partially encloses a reaction chamber, saiad

method comprising the step of applying an AC signal to

at least two points on said coil to form a clean plasma
30 within said reaction chamber.

18. The method of Claim 17 wherein said at least
two points are located at terminals of said coil.

35 19. The method of Claim 17 wherein said AC signal
is at a frequency in the range of 5-20 MHz. '

20. The method of Claim 19 wherein said AC signal
is at a frequency of about 13.56 MHz.



Test #1. In Test #2, illustrated in Figs. 5A and ZﬁLa?/LmQ;ds%ep’ETEén
process was used. Fig. 5A shows an CES scan - 14- 704 n | ig. 5B
shows an CES scan at 686 nm Again, the clean gas ( mm “@ ed

t hrough the process gas injection tubes at a pressu&@“\ . *In the
first step, a high flow rate of clean g28-(800 5 mt whs applied. This

cl eaned nost of the surfaces in about 500 seconds but did not clean the
i nside surfaces of t21s pmhecmethed ofij eraimm thethem comprietngdtséep,

whi ch began af tQlef4F 365eREEIng! Qecigﬁg\/eé% g,fl{p_‘ tgﬁﬁl@a\%ﬁoﬁeduced to 100

sccm This was 1n"10 recqgnition of that the hi | ow-rate of
the clean gas tFHamReT ﬁ"élgr BCe819hal PPPERLING U FE™ A PIAERAp oper
cl eani ng of theconpreiisiong sailaceeanf ghkose tubes. I n Test #2, the power
supplied togthe coil was a 15 13.56 MHz signal at 4kW The signal was
applied to %oth termnals of the coil. This high frequency signal provided.
a substantially diff2&-enThgomeihedspEnglain 2havhereimsadshgdean 9Rsh t he
"l ow frequency segpippiseeElivorinet #1. This, in conjunction with the second
step 20 of the test, led to an effective cleaning of all reaction chanber
surfaces, including the insides of the - '

23. The method of Claim 22 wherein said clean gas

10 comprises one or more fluorine-bearing compoundé
selected from the group which consists of NF;, C,Fs, C;Fy
and CF,.

24. The method of Claim 23 wherein said clean gas
15 further comprises one or more members of the group
which consists of 0,, H, and the inert gases.

25. The method of Claim 22 comprising the further
steps of removing said clean gas from the reaction
20 chamber, injecting hydrogen into the reaction chamber,
energizing said coil to create a plasma comprising said
hydrogen, and using said plasma to remove a residue
comprising fluorine from an inside surface of said
reaction chamber.

25
26. The method of Claim 25 wherein the
temperature of an interior surfaée of a wall of the
reaction chamber is in the range 25°-~150° C. at all
times during the step of energizing said coil.
30 '

27. The method of Claim 25 comprising the further
step of injecting oxygen into said reaction chamber,
said oxygen mixing with said hydrogen.



process gas injection tubes. In addition, the high- frequency power
provi ded i nproved plasnma stability and uniformty. Al so, the high-frequency
(capacitive) 25 power coupling occurred at a relatively | ow maxi num
voltage. This reduces the intensity of the plasma attack on the reaction
chanber materials thensel ves. However, thk- overall clean rate of only 3400
Almn was nediocre. 30 Test #3 is illustrated in the OES scans of
Figs. 6A and 6B, Fig. CEMISARgVAPOR DERQ@SEREAN SHISTRW INGLEURING| g. 6B bei ng
at a wavel ength of 686 nm pEdICRTEDHSLEANENE ! ) & RAa®DN Nt roduced t hrough
a separate clean gas injection tube, in accordance with this invention. 35
The clean gas injection tube was located in a position where it received
m ni mal deposition during processing yet delivered the clean gas (NF[err])
to surfacesgof the reaction chanber which receive substantial deposition.
The flow rate of the clean gas was 1000 sccm at a -15- pressure of 2
Torr. The power input to the coil was 13.56 MHz at 4 kW The effective
clean rate was 12000 A/m n; all surfaces of the reaction chanber (i ncluding
the process gas injection tubes) were effectively 5 cl eaned; and the
stability and uniformty of the plasma were good. O her tests have shown
that |ess

10

ABSTRACT

A plasma-enhanced chemical vapor deposition system
includes a number of process gas injection tubes and at
least one ‘dedicated clean gas injection tube. A plasma

15 is used to periodically clean the interior surfaces of
the deposition chamber. The cleaning is made more
rapid and effective by introduéing the clean gas
through the dedicated clean gas injection tube. 1In
this manner the clean gas can be introduced at a.

20 relatively high flow rate without detracting from the
cleaning of the interior surfaces of the process gas
injection tubes. As a separate aspect of this
invention, a high-frequency signal is applied to both
terminals of the coil during. the cleaning process.

25 This produces a plasma, mainly by capacitive.coupling,
which has a shape and uniformity that are weli-suited
to cleaning the surfaces of the deposition chamber.
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advant ageous positioning of the clean gas injection tube gives a | ower
effective rate of cleaning but still successfully cleans all surfaces of
the reaction 10 chanmber. The results of the tests are sumarized in Table
1. Table 1 Effective Al'l Surfaces Plasma Stability C ean Rate

Cl eaned? and Uniformty (A/Mn) 15 Test #1 8000 no
poor Test #2 2400 yes good Test #3 12000
yes good Wil e specific enbodi nents according to this 20

i nvention have been described in this gpggcification, it will be apparent to
persons skilled in the art that nunerous alternative enbodi nents may be
constructed wi thout departing fromthe broad principles of this invention.
For exanple, while the enbodi nent described 25 concerned a

hi gh-densi ty-pl asma chem cal osition (HDP-CVD) process, this
invention may al so be used wA lagh es of processes such as chem cal
vapor depositi - I cal vapor deposition
(PECVD) proces ] and 30 spy2 e t chi ng procesg Wil e the process
gas injection tlem descri bed jconpri| sed tubes, ot} types of process gas
I nj ection syst | such as thoge whifgh enpl oy showq ads or ring I nj ectors
coul d al so be Q ' i
104 102A
106 — 100
10 :
112
128A 102
128B 1028
128 06 18
- 114
A el -J
ng” "7 '[( 130 //, 31
: 129 133
124 ' 118
122
120 196
= o
,
(/
C/
[/
g

FIG. 1



with thi's invention. This invention, as defined in the -16- follow ng
clainms, is intended to include all such alternative enbodi nents. -17-
CLAIMS W claim 1. A system for processing a substrate conprising a
reacti on chanber, said reaction chanber 5 conprising: a chuck for
supporting a substrate; a process gas injection system and a clean gas
injector separate fromsaid process gas injection system said clean gas 10
i njector being oriented so as to direct a flow of a clean gas laterally and
upward into a region within said chanber above said chuck. 2. The system
of Caim1l wherein said clean gas 15 izﬂﬁector I s* positioned such that an
outlet of said injector is located |laterally outside a periphery of a

substrate supported on said chuck. 3. The system of Claim 2 wherein said
out | et of
3
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20 ' sai'd cl-ean gas injector is |located near a plane defined by a surface
of said substrate. 4. The systemof Claim2 wherein said reaction chanber
is at least partially enclosed by a vessel and 25 said outlet of said
clean gas injector is located at a distance of nore than one centineter
fromany surface of said vessel or said chuck. 5. The systemof Caiml
wherein said clean gas 30 i njector conprises at | east one tube. 6. The
systemof Claim1l wherein said clean gas injector conprises a netal tube
and a ceram c sleeve for protecting saj$y tal tube froma plasma within 35
sai d chanber, said sleeve covering an e region of said netal tube.

-18- 7. The systemof Claim 1l wherein said process gas injection system
conprises a plurality of process gas injection tubes. 5 8. The
systemof Claim7 wherein said process gas injection tubes are arrayed at
equal intervals around a central axis of said chanber, said process gas

irnj ection tubes being oriented so as to,direct a process gas towards said
central axis. 10 9. The system of d aPh 8 wherein said process
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gas ‘injection tubes are inclined upward towards a region within said
chanber above said chuck. 15 10. The systemof Claim1 wherein said
reaction chanber is at least partially enclosed by a vessel having a
general |y hem spherical shape. 11. The system of Caim 10 further
conprising a 20 coil, said coil being shaped in the formof a partial or
conpl ete hem sphere and bei ng positioned ﬁacent an outside surface of
said vessel. 12. The systemof Claim 11l further conprising a 25 source of

an AC signal, a Tnes for apprying said ACSTgnatl—to at Tgast two points
on said coil. 13. The systemof C aim 12 wherein said |ines}are connected
to an upper termngl and a | ower :term nal of 30 sai.d coil] 14. A system
for processing @ sybstrate conpri:sing: a reaction chdnber af | east
partially 35 .enclosed by a vesset; a chuck for. suppofting a
substrate w thin sgi-d-reactton -chanber::a -process- gas -i-njecti on system
a coil positiongd pdjacent; an out;side surface of said vessel|, said coi
serving to genefjatg: a plasma within said reacti on chanber
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a source of an AC signal; and 5 i nes for applying said AC
signal to at least two points on said coil. 15. The systemof Caim14
wherein said lines are connected to an upper terminal and a | ower terninal
of 10 said coil. 16. The systemof C aim 14 wherein said AC signal is at
a first frequency, said systemfurther conprising a source of .a second AC
signal at a second frequency 15 and a pfurality of switches connected in
said lines, said switches collectively |ng operative in a first position
to apply said AC signal to said at Ieas two points on said coil and said .
swi tches being operative in a seco position to apply said second A
signal to 20 one of said two poi2§§ and to connect a second of sai WO
points to ground. 17. A method of cl'€aning the interior surfaces of a

chem cal vapor dep05|t|on (CVD) sy mto renove a 25 resi due for

during a ppocesstnrg—cycieof—spid ﬁem Sj

whi ch at | past: partlally enc 0 actio

conprising|the stiep of applyifhg an AC si gnal
)

chanber .- s

to-at ]east : t. - poijnta on said
coil to fofma- cliean-ptasnea J0F i thin saiq reaciior chanfer:: 48.F

met hod of [ ai‘m 17 whereini sdid &f |east twd poinis: are l-odaied fat
terminals pf said coil.:35 19. The nethod.of C.ai:mfly |
AC signal |s at a frequency ijnjthe range of |5-20 Miz.. . .
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20. "The ‘net hod of Claim 19 wherein said AC signal is at a frequency of
about 13.56 MHz. -20- 21. The nmethod of Caim 17 further conprising the
step of injecting a clean gas into said reaction chanber, said AC signal
operating to forma plasma conprising said clean gas. 5 22. The net hod of
Claim 21 wherein said clean gas conprises fluorine. 23. The nethod of Caim
22 wherein said clean gas 10 conpri ses one or nore fluorine-bearing
conmpounds sel ected fromthe group which gzgsi sts of NF[err], Cerr]Ferr],

d

Clerr]F[err] and CF[err]. 24. The neth Claim 23 wherein said clegn gas
15 further conprises one or nore ers of the group which consi s%of
Jerr], Herr] and the inert gases. . The nethod of C aim 22 conprisrng

the further steps of renoving said clean gas fromthe reaction 20 .
chanber, injecting hydrogen into the action chanber, energizing sai&coi I

to create afplasma .conprising said hiyogen[ang UsSing sai d .pragm t &,
renove a regi.que-.conpsising fluqr @e from ah.ijnsi de. .sur.f.ace.-o.f.:s;.a@
reaction chanper: 25 . © o o . ... )
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26. Ahe nethod of Claim 25 wherein the tenperature of an interior surface
of /A wall of the reaction chanber is i.n the range 25[err]-150 C. at all

EE”‘EWJ {he SEARCHEEPORP Z‘k@%°%§“§§-y9é’8‘n’;ﬁé“§a?§‘ reaction

cha Id oxygen m xing with said hydrogen.

TEXT OF THE ABSTRACT

CHEMICAL VAPOR DEPOSITION SYSTEM INCLUDING DEDICATED CLEANING
GAS INJECTION

A plasma-enhanced chemical vapor deposition system (10) includes a number of process gas

injection tubes (128) and at least one dedicated clean gas injection tube (130). A plasma is

used to periodically clean the interior surfaces of the deposition chamber. The cleaning is

made more rapid and effective by introducing the clean gas through the dedicated clean gas

injection tube. In this manner the clean gas can be introduced at a relatively high flow rate

- without detracting from the cleaning of the interior surfaces of the process gas injection tubes.

As a separate aspect of this invention, a high-frequency signal is applied to both terminals of

the coil (102) during the cleaning process. This produces a plasma, mainly by capacitive

a coupling, which has a shape and uniformity that are well-suited to cleaning the surfaces of the
deposition chamber. '

Figure 1

REPLACEMENT SHEET
§ 5 0CT 2000

FSG005 960628 SG-Abstract




