
WO 2007/078656PCT/US2006/047183 CLEANING OF ELECTROSTATIC CHUCKS
USING ULTRASONIC AGITATION AND APPLIED ELECTRIC FIELDS BACKGROUND
5An electrostatic chuck (ESC), a component of semiconductor
processing equipment such as plasma etch chambers, can be used for
transporting, holding and/or temperature control of a semiconductor
wafer or glass substrate (i.e., flat panel display) during
processing, for example, in a chemical vapor deposition, physical
vapor deposition, or etch reactor. ESCs often exhibit short lifetimes
10 resulting in failures including, for example, dynamic alignment
failure, high leakage of helium cooling gas between the ESC and the
underside of a supported substrate; increased dechucking time, and
sticking of the substrate to the ESC or dechucking failure: The early
failure of ESCs can cause substrate breakage, impact throughput, lead
to particle and defect issues, and increase ownership costs of plasma
processing 15 equipment incorporating such ESCs. SUMMARY
Provided is a method of cleaning an ESC comprising immersing a
ceramic surface of the ESC in dielectric fluid. The ceramic surface
of the ESC is spaced 20 apart from a conductive surface such that the
dielectric fluid fills a gap between the ceramic surface of the ESC
and the conductive surface.  The dielectric fluid is subjected to
ultrasonic agitation while simultaneously applying voltage to the
ESC. BRIEF DESCRIPTION OF THE DRAWING  25The Figure shows an
exemplary configuration for cleaning an ESC as described herein.
DETAILED DESCRIPTION Contaminants are deposited on ceramic ESC
surfaces during etching. The 30contaminants change the surface
characteristics of the ESCs and cause early failure, 



as ESC performance greatly depends on the cleanliness of ESC
surfaces. Organic impurities, metallic impurities, fluoride
impurities, electrode impurities, silicon  WO
2007/078656PCT/US2006/047183 particles, surface particles, and
combinations thereof are deposited on ESC surfaces during dielectric
plasma etching, as well as during manufacture of new ESCs. Such
fluoride impurities include, for example, aluminum fluoride, titanium
fluoride, and combinations thereof; such metallic impurities include,
for example, iron, 5 chromium, nickel, molybdenum, vanadium, and
combinations thereof; such electrode impurities include, for example,
tungsten; and such silicon particles include, for example, Si, 5102,
and combinations thereof. It has been surprisingly discovered that
new ESCs can be preconditioned and used ESCs can be recovered by
cleaning the contaminants resulting from manufacturing or deposited
pn the 10 ESCs during etching to refresh the ceramic surface by means
of the disclosed cleaning process.       As used herein, dielectric
ESCs refer to ESCs used in dielectric etch processes such as plasma
etching silicon oxide and low-k materials. An exemplary dielectric
ESC can comprise a metal base (e.g., anodized or non-anodized
aluminum 15alloy) with a ceramic surface on which a semiconductor or
substrate such as a wafer is supported. As an example, the ceramic
surface may comprise a sintered laminate comprising a patterned
refractory (e.g., tungsten or molybdenum) electrode between two
ceramic layers (e.g., thin ceramic layers approximately 20 mils
thick). The laminate may be bonded to the metal base with a bonding
material such as a silicone 20based material containing conductive
powders (e.g., aluminum, silicon, or the. like). The metal base,
approximately 1.5 inches thick, typically includes RF and DC power
feeds, through holes for lift pins, helium gas passages, channels for
temperature controlled fluid circulation, temperature sensing
arrangements, and the like. ESCs are typically either Coulombic or
Johnsen-Rahbek type. Coulombic 25type ESCs use a dielectric surface
layer having a higher electrical resistance to 



generate coulombic electrostatic forces. Johnsen-Rahbek type ESCs,
which often provide higher electrostatic clamping forces for a lower
applied voltage, utilize lower resistance dielectric surface layers
such as Al203 doped with, for example, Ti02. 30According to an
embodiment, the ceramic dielectric layer of a Johnsen- Rahbek type
ESC may comprise 94% Al203, 4% Si02, 1% Ti02, and 1% CaO, as  WO
2007/078656PCT/US2006/047183 well as trace amounts of MgO, Si, Ti,
Ca, and Mg. According to another embodiment, for a Coulombic type
ESC, the ceramic dielectric layer may comprise greater than or equal
to 99% Al203. Thus, depending on the composition of the ceramic
layer, elements such as Ti, Si, Mg, and Ca may not be considered
5contaminants to be removed by the disclosed cleaning process_ In
contrast, contaminants such as metal particles and electrode
particles (e.g., tungsten or molybdenum) are preferably removed from
the surface of the ESC by the disclosed cleaning process.
Contaminants such as, for example, organic impurities, metallic
impurities, 10 and electrode impurities may be found on new ESCs
while contaminants such as, for example, organic impurities, fluoride
impurities, and silicon particles, may be deposited on the ceramic
surface of used ESCs during dielectric etching.        Provided is a
method of cleaning an ESC comprising immersing a ceramic surface of
the ESC in dielectric fluid; spacing the ceramic surface of the ESC
apart 15from a conductive surface such that the dielectric fluid
fills a gap between the ceramic surface of the ESC and the conductive
surface; and subjecting the dielectric fluid to ultrasonic agitation
while simultaneously applying voltage to the ESC.        Preferably
25-200 W/gallon of ultrasonic power is applied to the dielectric
fluid. The dielectric fluid is subjected to ultrasonic agitation
while simultaneously 20 applying voltage to the ESC preferably for
15-120 minutes. The voltage may be a 



direct current of, for example, 125-500 V, which preferably is
reversed, or the voltage may be an alternating current of, for
example, 30-90 Hz, preferably approximately 60 Hz. The ceramic
surface of the ESC is preferably spaced 5-200 um, more preferably
approximately 25 um, apart from the conductive surface and 25
application of the voltage preferably produces an electric field of
10-15 MV/m in the gap between the ceramic surface of the ESC and the
conductive surface. The conductive surface is preferably larger than
the ESC in lateral dimensions, and preferably flat, so as to produce
a uniform electric field in the gap between the ceramic surface of
the ESC and the conductive surface. 30The method may further comprise
suspending at least the ceramic surface of the ESC in deionized water
and subjecting the.water to ultrasonic agitation, rinsing  WO
2007/078656PCT/US2006/047183 the ESC with deionized water, and/or
baking the ESC, preferably at approximately 120C for I hour. The ESC
is preferably cleaned with the ceramic surface of the ESC facing
downward. The method preferably removes contaminant particles from
the ceramic surface of the ESC. In particular, the method has been
found most 5effective in removing contaminant particles having
average diameters that are less than the spacing of the ceramic
surface of the ESC apart from the conductive surface from the ceramic
surface of the ESC, and specifically, contaminant particles having
average diameters of approximately 5-10 p.m from the ceramic surface
of the ESC. Smaller contaminant particles may also be removed from
the ceramic surface of the 10 ESC. Example        The following
cleaning process, which can be used to clean new and used ESCs, is
provided to be illustrative, but not limiting. In order to establish
a baseline 15 for determining the effectiveness of the cleaning
process, prior to cleaning, two silicon wafers are electrostatically
clamped on an ESC without etching the wafers. The ESC was previously
used for clamping wafers during dielectric etching. Since the ESC is
used, the ceramic surface of the ESC had been exposed to plasma. As a
result, the ceramic surface of the ESC had become highly contaminated
with 20 contaminant particles, which are to be removed by cleaning. 



With reference to the Figure, in order to reduce the amount of
dielectric fluid to be used in the cleaning process, a plastic tank
10 can be placed within an ultrasonic tank 20 containing
approximately 4.7 gallons of deionized water 30, such that there is
deionized water between the two tanks. The ultrasonic tank 20 is
25typically stainless steel and has ultrasonic transducers 40 (whose
power supply is not shown). A conductive metal plate 50, larger than
the ESC 60 in lateral dimensions and approximately 0.5" thick, can be
placed in the bottom of the plastic tank 10. Alternatively, a
conductive tank having a flat bottom surface can be used in place of
the plastic tank 10 containing a conductive metal plate 50 at its
bottom. Strips of 30 tape (not shown), approximately 25 pm thick, are
applied to the conductive metal plate 50. Thus, the strips of tape,
present at the periphery of the ESC 60, act as  WO
2007/078656PCT/US2006/047183 spacers that space the conductive metal
plate 50 apart from the ceramic surface 70 of the ESC 60, which is
placed facing downward in the plastic tank 10 such that the ceramic
surface 70 of the ESC 60 is above the conductive metal plate 50. If
desired, the ESC 60 can be suspended in order to space the ceramic
surface 70 of the ESC 60 5apart from the conductive metal plate 50.
Approximately 1.5" of a dielectric fluid 80, such as, for example,
FluorinertTM, sold by 3MTM, St. Paul, MN, is added the plastic tank
10, so as to cover the ceramic surface 70 of the ESC 60, while
keeping the ESC electrodes 90 out of the dielectric fluid 80. As the
plastic tank 10 within the ultrasonic tank 20 is  10 used in order to
reduce the amount of dielectric fluid 80, the plastic tank 10 can be
omitted and the dielectric fluid 80 can instead be placed directly
into an ultrasonic tank having a conductive, preferably flat, bottom
surface, or into an ultrasonic tank with a conductive metal plate
placed at its bottom. A DC potential of 250 V is applied by way of a
high voltage supply 100 to 15 the ESC electrodes 90 and approximately
300W of ultrasonic power is applied to the water, which corresponds
to approximately 64 W/gallon. After approximately thirty minutes, the
voltage to the ESC electrodes 90 is reversed. After approximately
another thirty minutes, the voltage to the ESC electrodes 90 is
disconnected, the ultrasonic power is turned off, the plastic tank 10
is removed from 20the ultrasonic tank 20, and the ceramic surface 70
of the ESC 60 is suspended in the 



water of the ultrasonic tank 20 with a gap of approximately 1" from
the bottom of the ultrasonic tank 20, again with the ceramic surface
70 of the ESC 60 facing downward. Approximately 300 W of ultrasonic
power can be applied to the water for approximately thirty minutes.
The ESC is rinsed in deionized water and baked at 25120C for 1 hour.
While various embodiments have been described, it is to be understood
that variations and modifications may be resorted to as will be
apparent to those skilled in the art. Such variations and
modifications are to be considered within the purview and scope of
the claims appended hereto.  WHAT IS CLAIMED IS: I.A method of
cleaning an electrostatic chuck comprising:            immersing a
ceramic surface of the electrostatic chuck in dielectric fluid;
5spacing the ceramic surface of the electrostatic chuck apart from a
conductive surface such that the dielectric fluid fills a gap between
the ceramic surface of the electrostatic chuck and the conductive
surface; and        subjecting the dielectric fluid to ultrasonic
agitation while simultaneously applying voltage to the electrostatic
chuck. . 10 2.The method of Claim 1, comprising subjecting the
dielectric fluid to ultrasonic agitation while simultaneously
applying the voltage to the electrostatic chuck for 15-120 minutes.
153.The method of Claim 1, wherein the applying voltage comprises
applying a direct current voltage to the electrostatic chuck. 4.The
method of Claim 3, wherein the applying voltage comprises 



applying a direct current voltage of 125-500 V to the electrostatic
chuck. 20         5. The method of Claim 3, wherein the applying
voltage comprises reversing the direct current voltage applied to the
electrostatic chuck.              6. The method of Claim 1,
comprising cleaning the electrostatic chuck 25 with the ceramic
surface of the electrostatic chuck facing downward.         7. The
method of Claim 1, wherein the applying voltage comprises applying an
alternating current voltage to the electrostatic chuck.  WO
2007/078656PCT/US2006/047183 8.The method of Claim 6, wherein the
applying voltage comprises applying an alternating current voltage of
approximately 60 Hz to the electrostatic chuck. 59.The method of
Claim 1, wherein the applying voltage comprises producing an electric
field of 10-15 MV/m by applying voltage to the electrostatic chuck.
10. The method of Claim 1, wherein the subjecting the dielectric
fluid to 10ultrasonic agitation while simultaneously applying voltage
to the electrostatic chuck is effective in removing contaminant
particles from the ceramic surface of the electrostatic chuck. 11.
The method of Claim 1, wherein the subjecting the dielectric fluid to
15ultrasonic agitation while simultaneously applying voltage to the
electrostatic chuck 



is effective in removing contaminant particles having average
diameters of approximately 5-10 pm from the ceramic surface of the
electrostatic chuck.           12. The method of Claim 1, wherein the
subjecting the dielectric fluid to 20 ultrasonic agitation comprises
applying 25-200 W/gallon of ultrasonic power to the dielectric fluid.
13. The method of Claim 1, further comprising:        removing the
electrostatic chuck from the dielectric fluid and suspending at
25least the ceramic surface of the electrostatic chuck in deionized
water; and subjecting the water to ultrasonic agitation.
14. The method of Claim 1, further comprising removing the
electrostatic chuck from the dielectric fluid and rinsing the
electrostatic chuck with deionized 30 water.  WO
2007/078656PCT/US2006/047183       15. The method of Claim I, further
comprising removing the electrostatic chuck from the dielectric fluid
and baking the electrostatic chuck.         16. The method of Claim
1, wherein the spacing comprises spacing the 5 ceramic surface of the
electrostatic chuck 5-200 um apart from the conductive surface.
17. The method of Claim 1, wherein the spacing comprises spacing the
ceramic surface of the electrostatic chuck approximately 25 m apart
from the 10conductivesurface.       18. The method of Claim 1,
wherein the conductive surface is larger than the electrostatic chuck
in lateral dimensions. 1519.The method of Claim 1, wherein the
conductive surface is flat. 20.An electrostatic chuck cleaned
according to the method of Claim 1. 


