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.The invention relates to pr6‘E§§Es‘Ium—ctean:ng—ané-————-
conditioning ceramic components of a semiconductor wafer
processing system. More particularly, the invention relates
to a method and apparatus for cleaning the surface of an
electrostatic ceramic chuck and other ceramic components of
semiconductor wafer processing equipment using a plasma.

BACKGROUND OF TEHE DISCLOSURE

2. Description of the Background Art

Plasma-based reactions have become increasingly
important to the semiconductor industry, providing for
precisely controlled thin-film depositions. For example, a
plasma reactor in a hlgh-temperature physical vapor
deposition (PVD)- semiconductor wafer processing system
generally comprises a reaction chamber for containing a
reactant gas, a pair of spaced-apart electrodes (cathode and
anode) to generate an electric field within the chamber, and
a substrate support for supporting a substrate within the
electric field. The cathode is typically embedded within
the substrate support, while the anode is embedded in a
target material that is to be sputtered or deposited onto
the substrate. The electric field ionizes the reactant gas
to produce a plasma. The plasma, characterized by a visible
glow, is a mixture of positive and negative reactant gas
ions and electrons. Ions from the plasma bombard the target
releasing deposition material. As such, a deposition layer
forms on the substrate which is supported upon the surface
of the substrate support just above the cathode.

A particular type of substrate support used in a high
temperature PVD system is a ceramic electrostatic chuck.
Ceramic electrostatic chucks create an electrostatic
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"10 processi ng AMATeI918%bre particularly, the invention relates to a

nmet hod and apparatus for cleaning the surface of an el ectrostatic
=ceram ¢ chuck and ot her ceram c conponent s=2# sem conduct or waf er
processi ng equi pnent using a plasna. 15 2. Description of the
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controlled thin OSIt1ons asma reactor in
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a react ant a pair (ﬁfce -apart el ectrodes (cathode and anode)

to generate 5ang€'ﬂ¥c$9|%s f"i—%l’d‘ %PPPPﬁétGhHﬁ%éFltlﬁrEP%g%? sthdhe mater
support for suggaréiegtfoseds reigeciivily.t hehe oppesité chamjes Pkl the

cathode is typlc llyffghhcgggkﬂgéllhe chuck support surface, thereby

electrostatically clamping the wafer. More specifically, in
a "unipolar" electrostatic chuck, voltage is applied to an

10 electrode embedded within the pedestal supporting the chuck.
The voltage is referenced to some internal chamber ground
reference. Electrostatic force is established between the
wafer béing clamped and the chuck. When the voltage is
applied, the wafer is referred back to the same ground

15 reference as the voltage source through a conductive
connection to the wafer. Alternatively, the plasma
generated in the chamber can reference the wafer to ground.

The ceramic material used to fabricate a high
temperature chuck is typically aluminum-nitride or alumina

20 doped with a metal oxide such as titanium oxide (TiO,) or
some other ceramic material with similar resistive
properties. This form of ceramic is partially conductive at
high temperatures. Because of this characteristic, the
wafer is primarily retained against the chuck by the

25 Johnsen-Rahbek effect. Such a chuck is disclosed in U.S.
patent 5,117,121 issued May 26, 1992. :

One disadvantage of using a chuck body fabricated from
ceramic is that the characteristics of the chuck surface
change over time. For example, exposing the chuck suxface to .

30 organic material degrades chuck performance. Specifically,
adventitious (surface) carbon, water and hydroxides collect
on the chuck surface. Suchwcontaminants enter the chamber
during wafer processing as wafers are passed from a loadlock
to the chamber or when the chamber is exposed to the

35 atmosphere during a maintenance cycle. Additionally,
outgassing of chamber components produces hydrocarbon
contaminants e.g., O-rings inside the chamber breakdown and
outgas. These contaminants produce a conductive c¢arbon film
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“the substrate AMRPOfg3s5 Whil e the anode is enbedded in a target materia

“that is to be sputtered or deposited onto the substrate. The electric

:field ionizes the reactant gas 30 to producg. a plasnma. The plasma,
characterized by a visible - glow, is a mxture of positive and negative
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5 contamlnantg. The buildup of these contaminants reduces
performance of the chuck and, after repeat processing and
maintenance cycles, render the chuck useless (i.e., the
chucking force is severely degraded and/or non-uniform).
Premature replacement of the chuck results in higher unit

10 cost and increased chamber downtime.

Therefore, a need exists in the art for a method of
removing contaminant films that become deposited upon the
support surface of the chuck as well as upon other ceramic

components of a semiconductor wafer processing system.
15
SUMMARY OF THE INVENTION

The disadvantages of the prior art are overcome by the

present invention of a method and apparatus for conditioning

20 a surface of a ceramic body. More specifically, a first
embodiment of the invention is a method of using a plasma
for in-situ removal of residual surface layer films from a
chuck surface in a semiconductor wafer processing chamber.
The process chamber contains a vacuum pump, an anode and a

25 cathode. The method comprises the steps of maintaining the
process chamber at a vacuum with the vacuum pump,
introducing a gas into the chamber, energizing the anode and
cathode with RF power to ignite the gas into a plasmg,
sputtering the surface of the chuck with ions from the

30 plasma to remove contaminants therefrom. Additionally, a
plurality of gases can be introduced into the chamber where
one gas is inert and another gas is reactive such that the _
reactive gas bonds with the surface material of the chuck as
well as the particulate contaminants dislodged from the

35 surface. Such bonding passivates both the free contaminants
and the surface of the chuck.

The second embodiment of the invention is a method and

apparatus that performs the sputter cleaning process of the
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-2- attr ac®MPT 13}3e between the substrate (i.e., a seni conduct or
-wafer) and the chuck to retain the wafer in,a stationary position during
:processing. A voltage is applied to one or nore el ectrodes inbedded

wthin a ceram_¢ chuc body so, to i.ndyce. o |te char es in
the waf er akdT™ Fe%%p XFéEH@EF}@bF$ 1?ﬁ§ea SRR Y réhiﬂé?innl
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waf er being cl he chu voltage I's ap
waf er is referP@@Pbaént¥@d?ﬂkn§eﬁm?&ﬂﬁiﬂﬁjetChlng gas into th chambe

energizing the anode and cathode with RF power to 1gn1te the
gas into a plasma, sputter etching the surface of the chuck
. with ions from the plasma to remove contaminants therefrom.
10 A reactive gas may also be introduced into the chamber to
passivate the free contaminants as well as the ceramic
component surfaces.
As a result of using the novel method, the contaminant
- films adhered to a ceramic body are greatly reduced. When a
15 ceramic chuck is cleaned in accordance with the invention,
this substantial improvement in maintaining chuck surface
integrity increases chuck life, performance and restores
clamping force over numerous processing cycles without
excessive chamber maintenance or downtime.
20
BRIEF DESCRIPTION OF THE DRAWINGS

' The teachings of the present invention can be readily
understood by considering the following detailed description
25 in conjunction with the accompanying drawings, in which:
' FIG. 1 depicts a cross-sectional view of a PVD chamber

for processing semiconductor wafers employing the method of
the present invention; and

FIG. 2 depicts a cross-sectional view of a second
30 embodiment of the invention wherein a cleaning chamber
employs the inventive method.
To facilitate understanding, identical reference
numerals have been used, where possible, to designate
identical elements that are common to the figures.

35 DETAILED DESCRIPTION

FIG. 1 depicts a cross-sectional view of a PVD wafer
processing chamber 100 for processing semiconducpor wafers.
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The wafer 102 rests on support surface 105 of ‘a

10 substrate support or pedestal 104. The pedestal 104 is

supported by a pedestal base 106 and a shaft 126 which

contains the necessary wiring to conduct DC and RF power

from remote power ‘sources 122 and 124 to the pedestal 104.

Additionally, the shaft 126 is provided with a gas conduit.

15 142 to feed a gas through the pedestal 104 to a process

cavity 144 located directly above the pedestal 104. The

pedestal 104 is also provided with one or more chucking

electrodes 120 embedded in a ceramic chuck body 118. Lift

pins 110 mounted on a platform 112 connected to a vertical

20 shaft 114 serve to 1lift the wafer 102 off the pedestal
surface 105 after processing.

A target 116 of -sputtering or deposition material is
positioned over the pedestal 104. The target 116 is usually
Aluminum or Titanium and is electrically insulated from the

25 chamber 100. The remote power source 122 is a high voltage
DC power supply and is electrically connected between the
target 116 and pedestal 104 for magnetron sputtering a
wafer. Additionally, an RF (radio frequency) voltage source
124 is coupled to the pedestal 104 via the pedestal base

30 106. The RF source may also be coupled to the chuck"
electrode 120. As such, the pedestal 104 forms a cathode
and the chamber walls an anode with respect to the RF
voltage. Waste ring 108 and cover ring 138 circumscribe the
pedestal 104 to prevent unwanted deposition into the lower

35 chamber region 140. .

In operation, a wafer 102 is placed on the support
surface 105 of the pedestal 104. Air is drawn out of the

chamber via a vacuum pump 128 to create a low wvacuum
e A —
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“during wafer pama®sEITE as wafers are passed froma |oadl ock to the
" chanber or when the chanber is exposed to the 35. atnosphere during a

zmai nt enance cycle. Additionally, out gas&+ ng of chanber conponents
. produces. hydrocarbon contam nants e.g., O-rings inside the chanber

breakdown and envifpohgést. Thesa cardastamnt sgas pdupreferablyct iAmyars bois
fAljljlmt ionally, &B‘s‘?@d{ﬁ&%‘aﬁgﬁ%f ﬁgrf\aﬁg‘s hat &%@ém n%ﬁ%gghé’éfrr@é%g%yt hlezzchﬁ%k

surf ace causi ngnevgizednwhich allelmgbtaheeally ¢clamps the wafer to the

support surface 105. Specifically, the power supply 122

5 applies a DC bias to the electrode 120 within the ceramic

chuck body 118. The high voltage level produced by the

power supply 122 also ignites the gas into a plasma and

biases the target 116 thereby causing the target material to

~ sputter onto the wafer 102.

10 Minor particulate residue is inadvertently deposited on
chuck surface 105 during wafer processing. Conductive films
from organic material breakdown during wafer processing form
on the chuck surface 105. Exposure of the chuck to the
atmosphere after wafer processing also forms conductive

15 films. These contaminants compromise chuck surface
integrity and degrade the electrostatic clamping
performance.

The conductive films are removed using a novel method

of in-situ sputter cleaning of the electrostatic ceramic

20 chuck in a low temperature, low pressure environment using a
plasma sustained by an electrically conductive gaseous mix
of inert and reactive components. This method of using a
plasma to remove contaminants while the wafer is not present
is referred to herein as a “sputter etch” process. The

25 sputter etch process produces a plasma of an inert gas whose
ions impact the chuck surface removing contaminant films and
adsorbed contaminants. As such, the chuck surface 105 is
cleaned and restored to its pre-process state.

The condition process is initiated as either a periodic

30 maintenance routine or when the chucking force degrades. ’
Emperical analysis of chuck degradation can lead to a
periodic maintenance routine being used to avoid any
degradation in chucking force due to contamination of the
chuck surface. Alternatively, the chucking force can be

35 monitored and if the chucking force degrades to an
unacceptable level, the chuck surface can then be cleaned
and conditioned. Consequently, the wafer processing is
halted and the sputter etch conditioning process is started

M\_
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“process waste praducdfs are not considered principle 5 contam nants. The
bui | dup of these contam nants reduces performance of the chuck and,
.after repeat processing and mai nt enance.gycl es, render the chuck usel ess
“(i.e., the chucking force is severely degraded and/or non-uniform.
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I ncreased cha domnt erefore, a need exi.st he art
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FNVENTI O e ViHEE SR cBegPSE kg bl crpper, S ST, "
pr esent |nvehtundenfaewaﬁﬂtuptame$sapgavacuumfOapp:mxumatﬁiyK}O' 10°°
torr) is at room temperature. An inert gas (preferably
Argon) is introduced from inert gas supply 130 via valve
132, master flow controller 144 and conduit 142 into the
chamber 100 to establish an optimal plasma ignition pressure

10 range (preferably 8 mtorr). The RF power source 124 is then
energized to ignite the “cleaning plasma”. Although other
sources may be used, a 13.56 Mhz source 124 is the preferred
“cleaning plasma* source because it provides a low bias
voltage on the chuck surface. Under these conditions, the

15 “cleaning plasma” selectively sputters the contaminant film
but not ceramic material comprising the chuck.

Once the plasma is ignited, the chamber pressure is
then reduced for optimal “cleaning plasma” effectiveness or
sputter etch rate. This optimal sputter etch rate coincides

20 with a high mean free path of the sputtering ions which
occurs at a chamber pressure of approximately 1.5 mtorr and
RF power level of 75W. The “cleaning plasma” is maintained
in the chamber as long as necessary to remove the
contaminants from the chuck surface. A typical cleaning

25 cycle runs in the range of 2-20 minutes.

Contaminants and waste gases are evacuated from the
chamber by two different alternative methods. Using a gas
flow method, the vacuum pump 128 continuously pumps
contaminants from the chamber 100 thereby maintaining a

30 chamber pressure of approximately 1.5 mtorr during the
cleaning cycle. Using a backfill method, pressure is
‘maintained at approximately 8 mtorr after cleaning plasma
ignition. The vacuum pump 128 then evacuates contaminants
at the conclusion of the cleaning cycle.

35 More specifically, using Argon as the inert gas,
positively charged Argon ions are created within the plasma,
which then bombard the negatively biased chuck surface.

This activates the ceramic and sputters the relatively
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© 20 a surface ofagp g c body. More specificaffy, a first enbodi nent of
- the invention is a nethod of using a plasm for in-situ renoval of

:residual surface layer filnms froma. chude surface in a seni conductor
waf er processi ng chanber. The process chanber contains a vacuum punp, an
- anode and a 25yegkiy donde® ﬁa%hh@é paﬁ"ﬁﬂ.l:iéﬁ ffmaﬂ'@fzzmicmumtacel.ng t he

- process chanbey at.'a va e vacuum punp, s into
t he chanber, in’é? %CH@ &S° rﬁﬂ?ﬁ Ehg tnf?]%f{“g%%e gls%% te
the gas into aaosesm withsintther pagoubecemmmanaﬁenm amk:mngohbe

fromthe 30 pl to remove contaninants therefrom Additionally, a

plurality of gases Can be introduced into the chamber where, one gas is

inert and afother ¢Be supplement tha cieandng: aEfect @f Ehe clNAEL RTs A t h

the surface miééb@iv@“gé@%ﬂ“#l‘é@%e in¥Bbludédt ivtdatid @Haber from
cont am nants di sl od rom the 35 surface. ucP gond eq!pass{__ ivates both
the free cont aﬁ?ﬂﬁhi-‘ée gag, RURDY 3% ¥da@ BRlVRel3fycthe reactivh,gas. ong

enbodi ment of éheersvaﬁﬁlammmpﬁﬁioéoamdmtmg the plasma. Using

oxygen as the reactive gas, the ionized oxygen molecules in

10 the plasma react with the sputtered atoms on the chuck
surface and form an inert gaseous residue and a passivation
layer on the chuck surface. For example, in a ceramic chuck
comprised of aluminum nitride, the oxygen combines with the
aluminum nitride to form a layer of aluminum oxide on the

15 surface of the chuck. The layer formation or passivation
protects the chuck surface from further contamination during
wafer processing while maintaining chuck performance. The
thickness of the passivated dielectric layer depends on the
voltage of the negative bias on the chuck and process

20 duration.

Use of the sputter cleaning process in the manner
described results in a ceramic chuck surface that is nearly
free of all conductive films and adsorbed gases. After the
sputter cleaning process is completed, the chuck is ready

25 for the wafer processing cycle to restart without the need
for pumping the chamber to the appropriéte vacuum level,
manual cleaning of the chamber or replacement of

interrelated components due to contaminant film growth on
the chuck surface. ’

30 Although only Argon and Oxygen are described to create
the “cleaning plasma”, other gases may'also be used. Any
inert gas, for example, Helium can replace Argon. The
reactive gas can be selected by determining the type of
reaction and substances that will be reacting to create the

35 passivation of either the dislodged material, the chuck
surface or both. For example, using Nitrogen as the
reactive gas results in an added benefit of repleqishment of

the Aluminum nitride on the chuck surface.
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“appar at us t hat %P the sputter cleaning process of the
-4- first odiment within a dedicated cl eaning chanber. This
:Chanber contajns a cathode pedestal supporig.lig a ceranic conmponent to
be cl eaned, a grounded anode chanber wall and ~ vacuum punp. The net hod

conpri ses the stepsygf ALAERADE e O oY BLARALAG ¥Erat.oon aun ciber 3t

a vacuumwi th the vacuum , i Nt roduci n g; er__et chi ng gas into
Bﬁ'&“

t he chanber, Perﬁﬁém@‘ﬁzﬁ‘ﬁd?q]}?é'-%d'elﬁ'(dtﬁﬁ $h FEMDVE to ignite

the especially useful in sputter cleaning covalently bonded
| ceramics which, under vacuum conditions, may decompose into
5 a metal rich surface layer at elevated temperature.
However, the cleaning operation can also be conducted at
high temperatures.

For example, a conductive surface film of graphitic
carbon (a contaminant) formed on an aluminum nitride chuck .

10 surface during wafer processing can be removed by using the
described method at high temperatures. Specifically, in
this embodiment of the invention, a reactive gas such as
oxygen is introduced to a heated chamber under a vacuum.
The temperature is preferably in the range of 500-600°C.

15 The chamber can be heated by a variety of known heat sources
1nc1ud1ng pedestal heaters, heat lamps or the like. The
reactive gas is ignited by an RF energy source to create the
plasma. The plasma, by nature, also contributes to the
operating temperature. The highly excited oxygen atoms in

20 the plasma sputter contaminants from the chuck surface.
Additionally, because of the high chamber temperature,
nitrogen is selectively sputtered from the contaminant free
surface leaving the surface aluminum rich. As such, the
chuck surface readily reacts with the oxygen forming an

25 aluminum oxide passivation layer. The passivation layer
slows the regrowth of the undesirable conductive films. As
mentioned earlier, the inventive method is not limited to
the use of oxygen as the reactive gas and can use any
reactive gas based on the materials reacting with thé gas

30 and desired amount of passivation.

Although the preferred embodiment of the present
invention is discussed as a method for cleaning ceramic
electrostatic chuck surfaces in PVD semiconductor wafer
processing chambers, the method is also useful for cleaning

35 any type of ceramic chuck such as those used in etch and
chemical vapor deposition (CVD) wafer processing eguipment.

Although the preferred embodiment of the preeent
invention is discussed as a method for in-situ cleaning, the
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gas into a pl aggep 19wt ter etching the surface of the chuck Wi th ions
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cleaning chamber prior to using the component at a high
temperature in a vacuum environment.
FIG. 2 depicts an inventive cleaning chamber for
10 ceramic components that utilizes the method of the present
invention. The cleaning chamber 200 contains an RF biased
pedestal (cathode) 204 and a grounded chamber wall 206 that
forms an anode (i.e., the cleaning chamber does not contain
a liftpin assembly, target or the like). The cleaning
15 process is identical to that described above, except a
contaminated ceramic component 202 is positioned on the
pedestal 204. Gas from supplies 130 and 134 are introduced
into the chamber via valves 132 and 136, mass flow
controller 144 and conduit 142, respectively. Thereafter,
20 the pedestal (cathode) 204 is energized by RF voltage source
124 to sputter etch the contaminants from the component.
The free contaminants are removed from the chamber 200 via -
vacuum pump 208.
In sum, use of the inventive method provides in-situ
25 cleaning of an electrostatic ceramic chuck surface without
exposing the chuck surface to additional contamination from
the atmosphere or breaking the vacuum in the chamber. As
such, no disruption of the chamber environment is required
to restore the chuck to a pre-process condition. The
30 cleaning process is rapid so that chamber downtime is
minimal. The process can be maintained and repeated as many
times as necessary to recondition the chuck surface thereby
promoting longer chuck life than is presently available.
‘The cleaning process occurs at low-pressure ensuring that
35 the sputtered material has low gas-scattering or conversely
‘a high mean free path. This condition provides easy removal
of waste products from the surface and prevents '
reaccumulation and excessive deposition on the chuck
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FIG 1 depi ctsmﬁ? QS sectional view of a PVD chamber for processing
sem conduct or ers enpl oying the nethod of the present invention; and
:FIG 2 depicts a cross-sectional view of aigecond 30 enbodi nent of the

i nventi on wherein a cl eani ng chanber enpl oys the inventive nethod.

To facilitate yiedsd Andingd m’v@ﬁﬂi\réa ?%éfﬂ&‘é‘ Providdt R d1eahdng been

used, where possihle, to designate entical’ elenents that aré conmon to
the fi gur es. %@amnaayhé@seﬂ pepeNing contaminants from any form of

Cr oss- sect i onagevamie ﬁon@:oxﬁ‘x@ o2f Bédy. processing chanmber 100 for

processing Sen]conq&ftﬁgugﬁivarlous embodiments which incorporate the

5 +teachings of the present invention have been shown and
described in detail herein, those skilled in the art can
readily devise many other varied embodiments that still

incorporate these teachings.

—_—
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" -5- For a pdgiraiibgg under standi ng of the PVD.reaction chanber and its
operation in processing a wafer, the reader should refer to the draw ngs
.and the detailed description contained in-12~comonly assigned U.S. Patent
"No. 5,228,501, issued July 20, 5 1993 incorporated herein by reference.

That di scl osurhat i@ eabemes @syafer support assenbly used in a physical
vapor deposi ti on chanber manufactured by Applied Materials, |nc. of

Santa .Clara, California. The wafer 102 rests on support surface 105
of a 10 substr at.e Asmpghod ﬁorpedndiﬁdoﬂihb'aﬂsmqﬁa@@sbilaloeramic bedypint ed

by a pedestal&pgﬁ%ﬁ%gg gﬂgpﬁe§haéﬁeJﬁfbggﬁéﬂbhantEQDEQbﬁi Beva86anSHhNp,

wiring to con
5 an anode and a cathode, the method comprising the steps of:

maintaining the process chamber at a vacuum using the
vacuum pump,
introducing a gas to the chamber,
energizing the anode and cathode with RF power to
10 ignite the gas into a plasma,
sputter etching the surface of the ceramic body with
ions from the plasma to remove contaminants therefrom.

2. The method of claim 1 wherein the gas is an inert gas.
15 '

3. The method of claim 1 wherein the gas is a reactive gas.

4. The method of claim 1 further comprising introducing a
plurality of gases into the chamber where one gas is inert
20 and another gas is reactive.

5. The method of claim 4 wherein the reactive gas passivates
the surface of the ceramic body.

25 6. The method of claim 4 wherein the inert gas is argon.
7. The method of claim 4 wherein the reactive gas is oxygen.

8. The method of claim 4 wherein the reactive gas is
30 nitrogen.

9. The method of claim 1 further comprising the step of
exhausting contaminants from the chamber.

35 10. The method of claim 9 wherein the contaminants are
exhausted by constantly flowing the gas into and out of the
chamber and maintaining-the chamber pressure at '
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"fromrenote paMAT $9bSces 122 and 124 to the pedestal 104. Addi tional ly,
the shaft 126 is provided with a gas conduit 15 142 to feed a gas through
. the pedestal 104 to a process cavity 14\B+4 ocated directly above the

‘pedestal 104. The pedestal 104 is also provided with one or nore

. chucki ng eb@gtbmdmatézg t uH aniclexir iwhid ec spatitercetchibgdyhe k$eramid t
pi ns 110 noun on a platform 112 connected to a vertical 20 shaft 114
serve to lift g wafer 102 off the pedest al surface 105 after
processing. A target 116 of sputtering or deposition material is

posi tioned oven t&sepﬁeeﬁagl 0f Y131 \icktlinl thel Sotitsihante Afeim num or
Titaniumand is el ectrl cal I nsul ated frogmthe chanber 100., The %éq?te

power source fzrilaiusst&dhpgmwmwng %nﬁlﬁﬁelpr%ﬁb‘irﬁ ahdaperexinate
connect ed bet \mrzt hﬁnn tahaeélééﬁl oty andl@4hhastingneheogas at

Sputtering a ddi t o fregu vol t age
source 124 tlr’? 88%9‘53198 ? %%%’faﬁ%%ﬁ&/%g‘et ﬁgrﬁ@ﬁggﬁééybase 30 106.
The RF source may al so be coupled to the chuck
12. The method of claim 1 wherein the conditioning occurs at
10 approximately room temperature.

13. The method of claim 4 wherein the conditioning occurs
above room temperature.

15 14. The method of claim 13 wherein the conditioning occurs
in the range of about 500-600°C.

15. The method of claim 14 wherein the reactive gas is
oxygen. '

20 .
16. The method of claim 14 wherein the reactive gas is
nitrogen.

17. A method for removing contaminants from a surface of an
25 ceramic chuck in a wafer processing chamber of a
semiconductor wafer processing system, the wafer processing
chamber having a vacuum pump, an anode and a cathode, the
method comprising the steps of:
ceasing processing of wafers within said processing
30 chamber removing a wafer from the surface of the ceramic
chuck; X
maintaining the wafer processing chamber at a vacuum
using the vacuum pump,
introducing argon gas into the processing chamber,
35 energizing the anode and cathode with RF power to
ignite the gas into a plasma,
reducing chamber pressure to optimize a sputﬁer rate,

//_

L | Th“ Rm

and




el ectrode 120.a4% 3998, the pedestal 104 forms a cathode and the chanber

wal | s an anode wth respect to the RF vol tage. Waste ring 108 and cover
.ring 138 circunscribe the pedestal 104-14-prevent unwanted deposition
into the | ower 35 chamber region 140. In operation, a wafer 102 is
pl aced on the SUPPQputters etbhs AglBRe AEhiidle finHRIIaAwit® iondi Erom ghewn out
of the =~ chamher via a vacuun1guq£m&28 to;?{eate a | ow vacuum

REPL ACENVENT Sm@@lsma t£0 remove cont nants therefrom._ 6- envi r onnent .

A reactant gas, preferably Argon, is
18. The method of claim 17 further comprising the step of
5 introducing oxygen into the chamber to passivate the chuck
surface. '

19. The method of claim 17 further comprising the step of
detecting a chuck surface condition and ceasing said

10 "processing of wafers in response to said chuck surface
condition. '

20. A sputter etch cleaning chamber for conditioning a
surface of a ceramic body comprising:
15 a vacuum chamber having walls that form an anode;

a pedestal, supported within the vacuum chamber,
forming a cathode and for supporting said ceramic body
within said vacuum chamber;

an RF source, coupled to said anode and cathode, for

20 supplying an RF voltage; and

a gas supply, coupled to the chamber, for supplying a
gas to said vacuum chamber to form a plasma in response to
the RF voltage and being capable of sputter etching said
surface of said ceramic body.

25
21. The sputter etch cleaning chamber of claim 19 wherein
said gas supply further comprises:

an inert gas supply containing an inert gas for sputter
etching; and ! ’

30 a reactive gas supply containing a reactive gas for
passivating free contaminants and said surface of said
ceramic body.
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I ntroduced i nt aMABelgi®mnber 100. The power supply 122 is energi zed
which electrostatically clanps the wafer to the support surface 105.
Specifically, the power supply 122 5 appl i-@$-a DC bias to the el ectrode 120
Wi thin the ceramc chuck body 118. The hi gh voltage | evel produced by

t he power supply 122 al so i gabssadthefjahe Dischophasna and bi ases
the target 116 thereby causing the target material to sputter onto the

waf er 102. 10 M nor particulate residue is inadvertently deposited on
chuck surface 105 dhrmethodfamd mppearssiuzg fofordnditieningna surfacenaf gani c

ilal b Kk | '
To5. " “Exposur Sobimit by (i poRess LRlb8E nen o REREY, i
al so fornms Gonbagtaveaqwumipump, an anpdecandoateathede s Wemeondiddondmgek
surface I Nt g@EhdY c%ﬁé‘ﬁsts Q?ﬁrp?ﬂrﬁwfllrﬂgt Rfe gfbﬁ&%&oé AMbEr sy 9

per f or mance. The conductive ms are renoved using a novel method
of in-situ spuVRERUR| EhER rfghe Vagyun pudp, odnkrpdugdpgnd cgas into the

chamber, energizing the anode and cathode with RF power to
ignite the gaé into a plasma, sputter etching the surface

10 with ions from the plasma to remove contaminants therefrom.
The method is accomplished either within a process chamber

~ to condition, in situ, a ceramic chuck or within a cleaning

chamber to condition any form of ceramic body or component.
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¥ back to the | oadl ock (not sho

. +halted and the sputter etch conditioning process is started . -

-7- Wi t hout exp05|ng the chuck to the atnosphere . The sputter

cl eaning process is started by transportlng t he Iast processed waf er
\/ " 4
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132, master flow controller 144 and conduit 142 into the chanmber 100 to
establish an optimal plasnma ignition pressure 10 range (preferably 8
norr). The RF power source 124 is then energi zed to ignite the

"cl eaning plasma”. Although other sources nmay be used, a 13.56 Mz
source 124 is the preferred “cl eani ng pl asma" source because it provides
a | ow bi as vol tage on the chuck surface. Under these conditions, the 15

"cleani ng plasma’ sqhgghbKe! Ay PpbARAYUR FOR! WPOSRER' ikren  but not

ceram c materijal conpr|3|n h% plasna |s |gn|ted

the chanber pressure is NRI T FQRANG J & o ESHM LS R n oS

ef fectiveness or sputter etch rate. Thiq- '$§$I~ﬁ§f5§&e$ R gﬁal

coi nci des 2 i A h of |t fferSTi S

occurs at a8 E%Eb cLost i mat 4l 'iﬁmé§orrp Q “Fﬁigggé
t

| evel of 575W The "cl eaning pl asma" is nalr awing(s) jpaged \ehionBaged A" | bng
as necessary to je :Y&l(ltlhc?f thec %ﬁl"ﬁ s |f ddsAbstrast c hipaged et toc paged .
the range .

typi cal cleanlng 2 CyCl e funs of 2-20 m nutes.
paTE oF receret.2. 316 1%
' The invention relates to processes for cleaning and

conditioning ceramic components of a semiconductor wafer

10 processing system. More particularly, the invention relates
to a method and apparatus for cleaning the surface of an

- electrostatic ceramic chuck and other ceramic components of
semiconductor wafer processing equipment using a plasma.

15 2. Description of the Background Art

Plasma-based reactions have become increasingly
important to the semiconductor industry, providing for
precisely controlled thin-film depositions. For example, a

20 plasma reactor in a hlgh-temperature physical vapor
deposition (PVD) semiconductor wafer processing system
generally comprises a reaction chamber for containing a
reactant gés, a pair of spaced-apart electrodes (cathode and
anode) to generate an electric field within the chamber, and

25 a substrate support for supporting a substrate within the
electric field. The cathode is typically embedded within
the substrate support, while the anode is embedded in a
target material that is to be sputtered or deposited onto
the substrate. The electric field ionizes the reactant gas

30 to produce a plasma. The plasma, characterized by a visible
glow, is a mixture of positive and negative reactant gas
ions and electrons. Ions from the plasma bombard the target _
releasing deposition materlal. As such, a deposition layer '
forms on the substrate whlch is supported upon the surface

'35 of the substrate support just above the cathode.

A particular type of substrate support used in a high
temperature PVD system is a ceramic electrostatic chuck.
Ceramic electrostatic chucks create an electrostatic |



‘ .

Cont ami'nants and waste gases'are evacuated fromthe chanb

VUL
different alternative nethods. Using a gas fl ow net hod, &ﬂ@éﬁml\ﬂuﬁﬂtﬁ
128 conti nuously punps contam nants fromthe chanber 100 t her eby -
mai ntai ning a 30 chanber pressure of approximately 1.5 ntorr
cl eaning cycle. Using a backfill methode2pressure is mai rt
approximately 8 ntorr after cleaning plasna ignition. Th

é§8 t hen eVaﬁﬁﬁhéﬁlﬁGnfé&&éﬁﬁéﬁweenEﬁhé:Bahsumates(mneoi ahelcl eaning’ cycle
char ged XP ggﬁg‘ggﬁéd'é?g°f r‘@%\#l%ﬁ{]\?\?lﬁgcﬁ{ét tbﬂ%%agﬁsthﬁ wﬁfhjéﬁr{d?ayd t he
" negatively bitasdédnabycpositiameaiuringr tpmmsimm-eskt veltaganis %Eﬂihﬁfilt ters
the relat|v%5yone or more electrodes imbedded within a ceramic chuck
5 body so as to induce opposite polarity charges in the wafer
and electrodés, respectively. The opposite charges pull the
wafer flush against the chuck support surface, thereby
electrostatically clamping the wafer. More specifically, in
a "unipolar" electrostatic chuck, voltage is applied to an
10 electrode embedded within the pedestal supporting the chuck.
The voltage is referenced to some internal chamber ground
reference. Electrostatic force is established between the
wafer being clamped and the chuck. when the voltage is

applied, the wafer is referred back to the same ground

15 reference as the voltage source through a conductive
connection to the wafer. Alternatively, the plasma
generated in the chamber can reference the wafer to ground.

The ceramic material used to fabricate a high
temperature chuck is typically aluminum-nitride or alumina

20 doped with a metal oxide such as titanium oxide (TiO,) or
some other ceramic material with similar resistive
properties. This form of ceramic is partially conductive at
high temperatures. Because of this characteristic, the |
wafer is primarily retained against the chuck by the

25 Johnsen-Rahbek effect. Such a chuck is disclosed in U.S.
.patent 5,117,121 issued May 26, 1992.

One disadvantage of using a chuck body fabricated from
ceramic is that the characteristics of the chuck surface
change over time. For example, exposing the chuck surface to

30 organic material degrades chuck performance. Specifically,
adventitious (surface) carbon, water and hydroxides collect
on the chuck surface. Such contaminants enter the chamber
during wafer processing as wafers are passed from a loadlock
to the chamber or when the chamber is exposed to the

35 atmosphere during a maintenance cycle. Additionally,
outgassing of chamber components produces, hydrocarbon
contaminants e.g., O-rings inside the chamber breakdown and
outgas. These contaminants produce a conductive c¢arbon film




-8-< weakly bonded residue particles fromthe chuck surfa —Re~i—gas
bonbar dnent al so renoves the nol ecul es of gases adsor bed w tBEHlACEMENT SHEET

porous ceram c material constituting the chuck. 5 To
cl eaning effect of the inert gas, a reactive gas nmay al so
into the chanber from reactive gas supply 134 via valve 13p.
reactive gas enters the chanber prior to igniting the plas

oxygen as tn rdecchuckgsurfane that zgrows ife natoredaves i n 1o t he pl asma

react with RSpSHAngy haTE fRokbecs i vafl [aeterndnbOEBTIECE e

gaseous residue and_ a assi vat i | ayer on the cChuc C For
exanpl e, in QP &hesFhuck,gakface capRsing Ctapinatian 3 lﬁtt}ﬂo&g% ?H@sﬁxygen
conmbi nes wi tgrddess wadwrpmuauatkraﬂe ot fooms ialdmyde princdiple num oxi de on

the 5 contaminants. The buildup of these contaminants reduces
performance of the chuck and, after repeat processing and
maintenance cycles, render the chuck useless (i.e., the
chucking force is severely degraded and/or non-uniform).
Premature replacement of the chuck results in higher unit
10 cost and increased chamber downtime.

Therefore, a need exists in the art for a method of
removing contaminant films that become deposited upon the
support surface of the chuck as well as upon other ceramic
components of a semiconductor wafer processing system.

15
SUMMARY OF THE INVENTION

The disadvantages of the prior art are overcome by the

present invention of a method and apparatus for conditioning

20 a surface of a ceramic body. More specifically, a first
embodiment of the invention is a method of using a plasma
for in-situ removal of residual surface layer- films from a
chuck surface in a semiconductor wafer processing chamber.
The process chamber contains a vacuum pump, an anode and a

25 cathode. The method comprises the steps of maintaining the
-process chamber at a vacuum with the vacuum pump,
introducing a gas into the chamber, energizing the anode and
cathode with RF power to ignite the gas into a plasma,
sputtering the surface of the chuck with ions from the

30 plasma to remove contaminants therefrom. Additionally, a

- plurality of gases can be introduced into the chamber where’
one gas is inert and another gas is reactive such that the
reactive gas bonds with the surface material of the chuck as
well as the particulate contaminants dislodged from the

35 surface. Such bonding passivates both the free contaminants
and the surface of the chuck.

The second embodiment of the invention is a method and

apparatus that performs the sputter cleaning process of the



15 surface of the chuck. The | ayer formation or passivation R 4‘6@@6&’\5 SHEET
thuck surface fromfurther contam nation during waf er prdcdssing WAiTEe ™ -
mai nt ai ni ng chuck perfornmance. The thi ckness of the passijvgt el JEN 997
dielectric |l ayer depends on the vol tage of the negative Rigs on t

chuck and process 20 duration. bde of the sputter clfean Mg~ proeess—
in the nanner described results in a ceramc chuck surfa hat is
nearly f fdassf embodimentcwivhinid dedivateds olbeniggscbamberer This

sputter cl cahafifiep’ 6REALNS & WRLRIAL é&é%t&ﬁ“%ﬁpgérﬁﬁgg 25?%9&1 he wafer

rocessi ng CyC e torestart wt ut tre nee anber to
Ito he appr opr CRRPORgRLUEP| S Fleanedy i graunded agode f—'hémbﬁamlloand

repl acenent vatuum p{m crrphat@é!twmﬁwnﬁl%%&nwseeaha&gﬁf%?iéﬂégsﬁ?\éwe 3 fg
tcrgatc QUC% Surfa%ﬁéﬁﬁf‘ﬁgtb?agﬁ%anl 3 ¥ & V&Fé‘ﬂmbglﬁge'ﬁhe uum
pump, introducing a sputter etching gas into the chamber,
energizing the anode and cathode with RF power to ignite the
gas into a plasma, sputter etching the surface of the chuck
with ions from the plasma to remove contaminants therefrom.
10 A reactive gas may also be introduced into the chamber to
passivate the free contaminants as well as the ceramic
component surfaces.
As a result of using the novel method, the contaminant
films adhered to a ceramic body are greatly reduced. When a
15 ceramic chuck is cleaned in accordance with the invention,
this substantial improvement in maintaining chuck surface

integrity increases chuck life, performance and restores
clamping force over numérous processing cycles without
excessive chamber maintenance or downtime.

20
BRIEF DESCRIPTION OF THE DRAWINGS

The teachings of the present invention can be readily
. understood by considering the following detailed description
25 in conjunction with the accompanying drawings, in which:
FIG. 1 depicts a cross-sectional view of a PVD chamber
' -for processing semiconductor wafers employing the method of .
the present invention; and
FIG. 2 depicts a cross-sectional view of a second
30 embodiment of the invention wherein a cleaning chamber
employs the inventive method.
To facilitate understanding, identical reference
numerals have been used, where possible, to designate
identical elements that are common to the figures.

35 DETAILED DESCRIPTION

FIG. 1 depicts a cross-sectional view of a PVD wafer
processing chamber 100 for processing semiconductor wafers.



i nert gas, for exanple, Heliumcan replace Argon. The re
be selected by determning the type of reaction and subs
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to the drawings and the detailed description conta:.n_ed in
commonly assigned U.S. Patent No. 5,228,501, issued July 20,
1993 incoz_:porated herein by reference. That disclosure
discloses a 'wafer support assembly used in a physical vapor
deposition chamber manufactured by Applied Materials, Inc.
of Santa Clara, California.

The wafer 102 rests on support surface 105 of a
substrate support or pedestal 104. The pedestal 104 is
supported by a pedestal base 106 and a shaft 126 which
contains the necessary wiring to conduct DC and RF power
from remote power sources 122 and 124 to the pedestal 104.
Additionally, the shaft 126 is provided with a gas conduit
142 to feed a gas through the pedestal 104 to a process
cavity 144 located directly above the pedestal 104. The
pedes{:al 104 is also provided with one or more chucking
electrodes 120 embedded in a ceramic chuck body 118. Lift
pins 110 mounted on a platform 112 connected to a vertical
shaft 114 serve to lift the wafer 102 off the pedestal
surface 105 after processing.

A target 116 of sputtering or deposition material is
positioned over the pedestal 104. The target 116 is usually’
Aluminum or Titanium and is electrically insulated from the
chamber 100. The remote power source 122 is a high voltage

DC power supply and is electrically connected between the

target 116 and pedestal 104 for magnetron sputtering a
wafer. Additionally, an RF (radio frequency) voltage source
124 is coupled to the pedestal 104 via the pedestal base
106. The RF source may also be coupled to the chuck.
electrode 120. As such, the pedestal 104 forms a cathode
and the chamber walls an anode with respect to the RF
voltage. Waste rihg 108 and cover ring 138 circumscribe the
pedestal 104 to prevent unwanted deposition into the lower
chamber region 140. '

In operation, a wafer 102 is placed on the support
surface 105 of the pedestal 104. Air is drawn out of the
chamber wvia a vacuum pump 128 to create a 1low vacuum



especially useful in sputter cleaning covalently bonded RER M Nh&ﬂ&ﬁ?
under vacuum condi tions, may deconpose into 5 a netal ric urface | ayer gt
el evat ed t enperat ure. However, the cleaning operation ¢an & 2qje 1997
conducted at hi gh tenperatures. For exanpl e, alc¢nductive
surface filmof graphitic carbon (a_gantam nant) forne
nitride chuck 10 surface during wafer processing can be r¢noved by using

t he des od at t ?ﬁgﬁ t

enbodinent%éygﬁﬁgﬂsﬁgent?oﬁp gP?%%@?&%i s su Swdﬁa)y'Atﬁon"n?fgduced

to a heat edntiedbgedusnse xheachamber t eper Rowex %ﬁ%ﬁi&ei%@l} Sin the

range of 5%e§8%sar @1&5 e« ! rlyoezlhﬁqs@dtha wated ety er.heknom
u

heat sourc I nc edest al heat mps. or_ t he

reactive géslPP?ngrﬁ"crechqgﬁ/ WO RF eﬁ%‘?ﬁ*}/ gé' tB{‘Ere?é%wgrt h@uppigl z}g . The
pl asma, Dy appliies. adlmp 948 rtduthe telddtrode ABY avithyinether gamagmicThe
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power supply 122 also ignites the gas into a plasma and
biases the target 116 thereby causing the target material to
sputter onto the wafer 102.

10 Minor particulate residue is inadvertently deposited on
chuck surface 105 during wafer processing. Conductive films
from organic material breakdown during wafer processing form

~on the chuck surface 105. Exposuré of the chuck to the
atmosphere after wafer processing also forms conductive

15 films. These contaminants compromise chuck surface
integrity and degrade the electrostatic clamping
performance. '

The conductive films are removed using a novel method
of in-situ sputter cleaning of the electrostatic ceramic

20 chuck in a low temperature, low pressure environment using a
plasma sustained by an electrically conductive gaseous mix
of inert and reactive components. This method of using a
plasma to remove contaminants while the wafer is not present
is referred to herein as a "sputter etch” process. The

25 sputter etch process produces a plasma of an inert gas whose
ions impact the chuck surface removing contaminant films and
adsorbed contaminants. As such, the chuck surface 105 is
cleaned and restored to its pre-process state.

The condition process is initiated as either a periodic

30 maintenance routine or when the chucking force degrades.
Emperical analysis of chuck degradation can lead to a
periodic maintenance routine being used to.avoid any
degradation in chucking force due to contamination of the
chuck surface. Alternatively, the chucking force can be

35 monitored and if the chucking force degrades to an

- unacceptable level, the chuck surface can then be cleaned
and conditioned. Consequently, the wafer processing is
halted and the sputter etch conditioning process is started
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as a met hodcdmy) ils- ekt yoemebemperatuxe. An inert gas (preferably
' Argon) is introduced from inert gas supply 130 via valve
132, master flow controller 144 and conduit 142 into the
chamber 100 to establish an optimal plasma ignition pressure

10 range (preferably 8 mtorr). The RF power source 124 is then
energized to ignite the “cleaning plasma”. Although other
sources may be used, a 13.56 Mhz source 124 is the preferred
“cleaning plasma” source because it provides a low bias
voltage on the chuck surface. Under these conditions, the

15 *“cleaning plasma” selectively sputters the contaminant f£ilm
but not ceramic material comprising the chuck.

Once the plasma is ignited, the chamber pressure is
then reduced for optimal “cleaning plasma” effectiveness or
sputter etch rate. This optimal sputter etch rate coincides

20 with a high mean free path of the sputtering ions which
occurs at a chamber pressure of approximately 1.5 mtorr and
RF power level of 75W. The “cleaning plasma” is maintained
in the chamber as long as necessary to remove the
contaminants from the chuck surface. A typical cleaning

25 cycle runs in the range of 2-20 minutes.

Contaminants and waste gases are evacuated from the
chamber by two different alternative methods . Using a gas
flow method, the vacuum pump 128 continuously pumps
contaminants from the chamber 100 thereby maintaining a

30 chamber pressure of approximately 1.5 mtorr during the
cleaning cycle. Using a backfill method, pressure is
maintained at approximately 8 mtorr after cleaning plasma
ignition. The vacuum pump 128 then evacuates contaminants
at the conclusion of the cleaning cycle.

35 More specifically, using Argon as the inert gas,
positively charged Argon ions are created within the plasma,
which then bombard the negatively biased chuck surface.

This activates the ceramic and sputters the relatively
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I nventive nmethod can be used in a dedi cated cleani nd
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weakly bonded residue partlcles from the chuck surfa
Inert gas bombardment also removes the molecules of gases
adsorbed within the porous ceramic material constituting the
chuck.

To supplement the cleaning effect of the inert gas, a
reactive géé may also be introduced into the chamber from
reactive gas supply 134 via valve 136. The reactive gas
enters the chamber prior to igniting the plasma. Using
oxygen as the reactive gas, the ionized oxygen molecules in
the plasma react with the sputtered atoms on the chuck
surface and form an inert gaseous residue and a passivation
layer on the chuck surface. For example, in a ceramic chuck
comprised of aluminum nitride, the oxygen combines with the
aluminum nitride to form a layer of aluminum oxide on the
surface of the chuck. The layer formation or passivation
protects the chuck surface from further contamination during
wafer processing while maintaining chuck performance. The
thickness of the passivated dielectric layer depends on the
voltage of the negative bias on the chuck and process
duration.

Use of the sputter cleaning process in the manner
described results in a ceramic chuck surface that is nearly
free of all conductive films and adsorbed gases. After the
sputter cleaning process is completed, the chuck is ready
for the wafer processing cycle to restart without the need

- for pumping the chamber to the appropriate vacuum level,

manual cleaning of the chamber or replacement of

interrelated components due to contaminant film growth on
the chuck surface.

Although only Argon and Oxygen are described to create
the “cleaning plasma”, other gases may also be used. Any
inert gas, for example, Helium can replace Argon. The
reactive gas can be selected by determining the type of
reaction and substances that will be reacting to create the
passivation of either the dislodged material, the chuck
surface or both. For example, using Nitrogen as the
reactive gas results in an added benefit of replenishment of
the Aluminum nitride on the chuck surface. .
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utilizes the nmethod of the present i nvention. The cleaninp Fhanber 200 '
contai ns an RF biased pedestal (cathode) 204 and a groundpd| clpagriygmN 19971
206 t hat forms an anode (i.e., the cleaning chanber does hof contain
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high temperatures.

For example, a conductive surface film of graphitic
carbon (a contaminant) formed on an aluminum nitride chuck

10 surface during wafer processing can be removed by using the
described method at high temperatures. Specifically, in
this embodiment of the invention, a reactive gas such as
oxygen is introduced to a heated chamber under a vacuum.
The temperature is preferably in the range of 500-600°C.

15 The chamber can be heated by a variety of known heat sources
including pedestal heaters, heat lamps or the like. The
reactive gas is ignited by an RF energy source to create the
plasma. The plasma,; by nature, also contributes to the
operating temperature. The highly excited oxygen atoms in

20 the plasma sputter contaminants from the chuck surface.
Additionally, because of the high chamber temperature,
nitrogen is selectively sputtered from the contaminant free
surface leaving the surface aluminum rich. As such, the
chuck surface readily reacts with the oxygen forming an

25 aluminum oxide passivation layer. The passivation laYer

_ §1ows the regrowth of the undesirable conductive films. As
mentioned earlier, the inventive method is not limited to
the use of oxygen as the reactive gas and can use any
reactive gas based on the materials reacting with thé gas

30 and desired amount of passivation. .

Although the preferred embodiment of the present
invention is discussed as a method for cleaning ceramic
electrostatic chuck surfaces in PVD semiconductor wafer

- processing chambers, the method is also useful for cleaning

35 any type of ceramic chuck such as those used in etch and
chemical vapor deposition (CVD) wafer processing equipment.

Although the preferred embodiment of the present
invention is discussed as a method for in-situ cléaning, the



the atnosphere or breaking the vacuumin the chamber. As ~uBEPL"&;(E’V'E’\”' SHEET

di sruption of the chanber environnment is required to resth fhe Chuck
to a pre-process condition. The 30 cleaning process is rapidj{s¢ t3 2LIUN 199
chanber downtine is m nimal . The process can be naintai neq 4n repeate
as many times as necessary to recondlglon t he chuck surfage .
pronoting | onger chuck life than is pre& ntly avail abl e. The cleaning
process occyrs at, | ow pres ure nsurl g.that 35, the puttered matert al has

| ow gas- scalPEeRHive m e “53 Fﬂhaﬁﬁ ??Ee Q? ¥ s condition

provi des eashamisapyalFor em‘amgﬂﬁ eusiaguehe inventieesuefhad md prevent s
reaccunul at gg; A0d SXCASH My (8RGHeY A0yORntiHeeEMICte ., residue from
a manufacturing process or exposure to air) can be removed
5 from the surface of a ceramic component. To avoid process
contaminatién, such cleaning is performed within the
cleaning chamber prior to using the component at a high
temperature in a vacuum environment.
FIG. 2 depicts an inventive cleéning chamber for
10 ceramic components that utilizes the method of the present
invention. The cleaning chamber 200 contains an RF biased
pedestal (cathode) 204 and a grounded chamber wall 206 that
forms an anode (i.e., the cleaning chamber does not contain
a liftpin assembly, target or the like). The cleaning
15 process is identical to that described above, except a
contaminated ceramic component 202 is positioned on the
pedestal 204. Gas from supplies 130 and 134 are introduced
into the chamber via valves 132 and 136, mass flow
controller 144 and conduit 142, respectively. Thereafter,
20 the pedestal (cathode) 204 is energized by RF voltage source
124 to sputter etch the contaminants from the component.
The free contaminants are removed from the chamber 200 via
vacuum pump 208.
In sum, use of the inventive method provides in-situ
25 cleaning of an electrostatic ceramic chuck surface without
- exposing the chuck surface to additional contamination from
the atmosphere or breaking the vacuum in the chamber. As
such, no disruption of the chamber environment is required
to restore the chuck to a pre-process condition. The
30 cleaning process is rapid so that chamber downtime is
minimal. The process can be maintained and repeated as many
times as necessary to recondition the chuck surface thereby
promoting longer chuck life than is presently available.
The cleaning process occurs at low-pressure ensuring that
35 the sputtered material has low gas-scattering or conversely
a high mean free path. This condition provides easy removal
of waste products from the Surface and prevents
reaccumulation and excessive deposition on the chuck



surface. The inventive apparatus provides a cl eaning chanber capabl e of
removi ng contam nants from any form of ceram c conponent or body.

Al t hough vari ous enbodi nents which incorporate the 5 teachings of the
present invention have been shown and described in detail herein, those
skilled in the art-can readily devisgjpany other varied enbodi nents that
still I ncorporate these teachings.

surface. The inventive apparatus provides a cleaning

chamber capable of removing contaminants from any form of

ceramic component or body.

Although various embodiments which incorporate the

5 teachings of the'present invention have been shown and

described in detail herein, those skilled in the art can

readily devise many other varied embodiments that still

incorporate these teachings.
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-12- VWhat is clainmed is: 1. A nethod for conditioning a surface of
a ceram c body in a process chanber, the process chanber having a vacuum -
punp, 5 an anode and a cathode, the method conprising thg-sieps—aé:

mai nt ai ni ng the process chanber at a vacuumusing the vdEBLAﬁEMEMﬁ SHEET

i ntroducing a gas to the chanber, energi zing .t he {a de
with RF power to 10 ignite the gas intgqs3_plasm, pugern nc
the surface of the ceram c body wth 1?ons fromthe pl&s ?g ggﬁﬂﬁb?

cont am nantgnd &/ L 1Amed is:

1. A method for conditioning a surface of a ceramic body in
a process chamber, the process chamber having a vacuum pump,
5 an anode anq a céthode, the method comprising the steps of:
maintaining the process chamber at a vacuum using the
vacuum pump,
introducing a gas to the chamber,
energizing the anode and cathode with RF power to
10 ignite the gas into a plasma, _
sputter etching the surface of the ceramic body with °
ions from the plasma to remove contaminants therefrom.

2. The method of claim 1 wherein the gas'is an inert gas.
15 ' | |

3. The method of claim 1 wherein the gas is a reactive gas.
4. The method of claim 1 further comprising introducing a
plurallty of gases into the chamber where one gas is inert

20 and another gas is reactive.

5. The method of claim 4 wherein the reactive gas passivates
the surface of the ceramic body.

25 6. The method of claim 4 wherein the inert gas is argon.
7. The method of claim 4 wherein the reactive gas is oxygen.

8. The method of claim 4 wherein the reactive gas is
30 nitrogen.

9. The method of claim 1 further comprising the step of
exhausting contaminants from the chamber.

35 10. The method of claim 9 wherein the contaminants are
exhausted by constantly flowing the gas into and out of the
chamber and maintaining the chamber pressure at

—<- aid maintaining

AN g



2. %he met hod of claiml1 wherein the gas is an inert gas. 15
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met hod of claim1 wherein the gas is a reactive gas. 4. Thd net hod of .
claim1 further conprising introducing a plurality of gaseq ijnt27tJgN 1997
chanber where one gas is inert 20 and another gas is reactive. 5. The

met hod of claim4 wherein the reactivejgas passivates . the qurface or tne
ceram c body. 25 6. The nethod of claim4 wherein the inert ggas_i s argon.
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approximately 1.5 mtorr while sputter etching the ceramic
body.

11. The method of claim 9 wherein the contaminants are
exhausted by maiﬁtaining chamber pressure at approximately 8
mtorr during the cleaning process and exhausting the gas at
the conclusion of sputter etching the ceramic body.

12. The method of claim 1 wherein the conditioning occurs at
approximately room temperature.

13. The method of claim 4 wherein the conditioning occurs
above room temperature. |

14. The method of claim 13 wherein the conditioning occurs

in the range of about 500-600°C.

15. The method of claim 14 wherein the reactive gas is
oxygen.

16. The method of claim 14 wherein the reactive gas is
nitrogen.

17. A method for removing contaminants from a surface of an
ceramic chuck in a wafer processing chamber of a

-;emiconductor wafer processing system, the wafer processing
~ chamber having a vacuum pump, an anode and a cathode, the
- method comprising the steps of:

ceasing processing of wafers within said processing
chamber removing a wafer from the surface of the ceramic
chuck;

maintaining the wafer processing chamber at a vacuum
using the vacuum pump, |

introducing argon gas into the procesging chamber,

energizing the anode and cathode with RF power to
ignite the gas into a plasma,

reducing chamber pressure to optimize a sputter rate,
U T RS _

AR AR R A

and



7. The nethod of claim4 wherein the reactive gas i s oxygen. 8. The
met hod of claim4 wherein the reactive gas is 30 nitrogen. 9. The

nmet hod of claim1 further conprising the step of exhausting contam nants
fromthe chanber. 35 10. The nethod of claim9 wherein the contam nants
are -exhausted by constantly flowi ng the gas into and out of the

chamber and mai ntai'ning the chanber presdére at

sputter etching the chuck surface with ions from the
plasma to remove contaminants therefrom.

18. The method of claim 17 further comprising the step of
5 introducing oxygen into the chamber to passivate the chuck
surface.

15. The method of claim 17 further comprising the step of
detecting a chuck surface condition and ceasing said

10 processing of wafers in response to said chuck surface
condition.

20. A sputter etch cleaning chamber for conditioning a
surface of a ceramic body comprising:
15 a vacuum chamber having walls that form an anode;

a pedestal, supported within the vacuum chamber,
forming a cathode and for supporting said ceramic body
within said vacuum chamber;

an RF source, coupled to said anode and cathode, for

20 supplying an RF voltage; and

a gas supply, coupled to the chamber, for supplying a
gas to said vacuum chamber to form a plasma in response to
the RF voltage and being capable of sputter etching said
surface of said ceramic body.

25 _
. 21. The sputter etch cleaning chamber of claim 19 wherein
said gas supply further comprises:

an inert gas supply containing an inert gas for sputter
etching; and ' .

30 a reactive gas supply containing a reactive gas for
passivating free contaminants and said surface of said
ceramic body. '

_

oy




13- approximately 1.5 ntorr while sputter etd] ey body.
11. The method of claim9 wherein the contani nant g S%F%&*A SEEY oy
mai nt ai ni ng chanber pressure at approxinately 8 or RERLAFER t he

cl eaning process and exhausting the gas t he concl uston of sputter

etching.the ceramc body. 12. The hod of claim1l wherei n the

condi ti oni ngyAFEHLSARD APpARREX FBY @Mﬁ%‘h&"éﬁp%ﬁb%fmxm A CERAMIC
BODY

Abstract of the Disclosure

A method and apparatus for conditioning a surface of a

ceramic body in a process chamber when the process chamber

5 has a vacuum pump, an anode and a cathode. The conditioning
method consists of pumping the process chamber down to a
vacuum with the vacuum pump, introducing a gas into the
chamber, energizing the anodé,and cathode with RF power to
ignite'the gas into a plasma, sputter etching the surface

10 with ions from the plasma to remove contaminants therefrom.

" The method is accomplished either within a process chamber
to condition, in situ, a ceramic chuck or within a cleaning

chamber to condition'any form of ceramic body or component.
Fig 1
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13" The nethod of claim4. wherein the conditioning occurs above room 7 -
tenperature. 15 14. The nethod of claim 13 wherein the conditioning occurs -
in the range of about 500-6000C. 15. The method of claim 14 wherein

[
the reactive gas is oxygen. 20 16. The met hod of al-m-tA=—Aefei n t he
reactive gas is . nitrogen. 17. A_method for @@ghgmg@ﬁt&ﬁrﬁ\hnts
froma surface of an 25 ceram ¢ chuck 2n~a waf er cesg er llof a
sem conduct or waf er processing system the wafer o '
havi ng a vacuum punp, an anode and a cat hode, the
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met hod conpri sing thé steps of: ceasing processing of wafers within said
‘processing 30 chanber renoving a wafer fromthe surface of the ceranmc

chuck; mai nt ai ni ng the wafer processing chanb

usi ng the vacuum punp, introducing argon gas into grgpm&gﬂh‘ﬁga%#i‘é er,
35 energi zi ng the anode and cat hode wth RF poyer tonEPLA@EPte P gas
into a plasng, reduci ng chanber—pressure to ter

rat e, and
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L14- wm—spUt ter. ot cing the chuck surface with ions fromthe
plas 1 oOREBIDAUEMENTt SHEETESt s sther gf rom 18. The nethod of claim 17
ntroduci ng oxygen into the chanber to
19. The nmethod of claim 17 further

a_cpuck surface condition and ceasing

hanber having walls
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~

é pedestal, supported within the vacuum chanber, @ form ng a cathode and
for supporting said ceram c body w thin said vacuum chanber; an
RF source, coupled to said anode and cat hode, for 20 supplying an RF

vol t age; and

a gas supply, coupled to the chanber, for supplying a

gas to said vacuum chanmber to forma plasma in response to the RF

vol tage and bei ng capabl e of sputter etching saigd surface of said
ceram c body. 25 21. The sputter etch cleanin§|chanber of claim 19
wherein said gas supply further conprises: e an inert gas supply
containing an inert gas for sputter et chi ng; d 30 a reactive gas
supply containing a reactive gas for pasgj vathg free.contam nants and
said surface of said ceram ¢ body. 2
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/N SE ARCHREPORT ) Ap;_,x'icaﬁonNo. 9701i1755 T

* [TEXT OF THE -ABSTR-ACT

: METHOD AND APPARATUS FOR SPUTTER ETCH CONIDITIONING A CERAM[C
- ‘BODY > L
A method and apparatus for condmomng a surface of a ceramic body (118) in a process
chamber (100) when the process chamber has a vacuum pump (128), an anode and a cathode
- (120). The condltlomng method consists of pumplng the process chamber down to a vacuum -
~ with the vacuum pump, introducing a gas into the.chamber, energizing the anode and cathode =~
~ with RF power (124) to ignite the gas into a plasma, sputter etching the surface with ions from
~ the plasma to remove: contaminants therefrom. The method is accomplished either within a
- process chamber to condition, in situ, a ceramic chuck (118) or w1th1n a cl.eamng chamber to
condition any form of ceram1c body or component '

| Flg. 1.

 [REPLACEMENT SHEET

1 24PR 1999

>

. FSGOOS 960628 SG-Abst'r#Ct :




