
1  APPARATUS INCLUDING GAS DISTRIBUTION MEMBER SUPPLYING PROCESS GAS AND
RADIO FREQUENCY (RF) POWER  FOR PLASMA PROCESSING  BACKGROUND Plasma
processing apparatuses are used to process substrates by techniques
including etching, physical  vapor deposition (PVD), chemical vapor
deposition (CVD), ion implantation, and ashing or resist removal.  The prior
art teaches about controlling the temperature of the showerhead electrode
during operation. Matsuda et al., U.S. Pat. App. Pub. No. 2004/0009617
discloses a showerhead electrode assembly,  comprising a showerhead
electrode (115) in the interior of a vacuum chamber (100) and powered by RF
energy. An antenna (110) (RE distribution member) attached to the showerhead
electrode, includes a first  portion extending axially into an opening in a
top wall (114) of the vacuum chamber, and a disc electricity  conductor
(111) (second portion) extending laterally over and in contact with the
showerhead electrode.  Fangli Hao et al., U.S. Pat. No. 6123775 discloses a
showerhead assembly for a plasma etch reactor,  wherein a heat transfer
member (36) is in contact with the showerhead electrode. Recently, due to
shrinking feature sizes and the implementation of new materials, improvement
in plasma  processing apparatuses to control the conditions of the plasma
processing is required. SUMMARY  A plasma processing apparatus is provided
which includes a showerhead electrode and a heater in  thermal contact with
the showerhead electrode, wherein the heater is operable to heat at least a
portion of  the showerhead electrode above a threshold temperature.
Additionally, a top plate may also be provided in  the apparatus to control
the temperature of the showerhead electrode or cooperate with the heater to
maintain a predetermined temperature in the showerhead electrode. In one
embodiment a showerhead electrode assembly includes a showerhead electrode
adapted to  be mounted in an interior of a vacuum chamber; a radio frequency
(RF) distribution member attached to  the showerhead electrode, wherein the
RF distribution member includes a first portion adapted to extend  axially
into an opening in a temperature controlled top wall of the vacuum chamber,
and the RF distribution member includes a second portion extending laterally
over the showerhead electrode, and  providing a RF path and a thermal path;
and a thermal path member attached to the RF distribution  member and
adapted to provide a thermal path between the top wall of the vacuum chamber
and the  second portion of the RF distribution member to the showerhead
electrode. In another 



WO 2005/111267 PCT/US2005/012210  -2 embodiment, the RF distribution member
can also include at least one gas  passage supplying process gas to the
showerhead electrode. In another embodiment, a showerhead electrode assembly
includes a  showerhead electrode adapted to be mounted in an interior of a
vacuum 5 chamber; a gas distribution member attached to the showerhead
electrode;  a thermal path member attached to the gas distribution member;
and a  heater attached to the thermal path member, wherein the heater
transmits  heat to the showerhead electrode through the gas distribution
member and  the thermal path member. In another embodiment, the gas
distribution 10 member can be an electrically conductive material which
distributes RF  power to the showerhead electrode. Also provided is a method
of controlling plasma etching, including  applying power to a heater in a
plasma etching chamber; heating at least a  portion of a showerhead
electrode in the plasma etching chamber to a 15 predetermined temperature by
conducting heat from the heater to the  showerhead electrode; supplying
process gas to the plasma etching  chamber through the showerhead electrode;
and etching a semiconductor  substrate in the plasma etching chamber by
applying RF power to the  showerhead electrode and energizing the process
gas into a plasma state, 20 wherein the power applied to the heater and the
power applied to the  showerhead electrode are electrically isolated from
one another by a thermal  path member. BRIEF DESCRIPTION OF THE DRAWING
FIGURES 25 FIGS. 1, 2, 4 and 5 illustrate preferred embodiments of
showerhead  electrode assemblies. FIG. 3 illustrates a preferred method of
operating a showerhead  electrode assembly. FIG. 6 illustrates temperatures
at which a preferred showerhead  30 electrode embodiment is operated. 



WO 2005/111267 PCT/US2005/012210  -3 FIG. 7 illustrates the effect of
showerhead electrode temperatures on  an exemplary photoresist etch rate.
FIG. 8 illustrates the effect of showerhead electrode temperatures on  an
exemplary photoresist etch rate using a C4F6102 etch gas. 5 FIGS. 9a-d are
photomicrographs taken at 80,000x magnification of a  patterned photoresist.
FIGS. 10 and 11 illustrate preferred embodiments of a gas distribution
member. FIG. 12 illustrates a preferred embodiment of subassembly  10
attachments. DETAILED DESCRIPTION Control over plasma parameters, such as
plasma chemistry, ion  energy, density, and distribution, electron
temperature, etc., is desired to  15 alter plasma processing results. In
addition to these plasma parameter controls, temperatures of surfaces in a
plasma chamber which confine  plasma may also be used to control plasma
chemistry and hence the plasma  processing results on a semiconductor
substrate such as a wafer. The temperature of a showerhead electrode used in
a plasma etch  20 process (such as oxide etching) can vary widely. When
etching a series of  wafers in a single wafer plasma etch chamber, it has
been observed that  temperatures of various portions of a radio frequency
(RF) powered  showerhead electrode vary over time and a central portion of
the  showerhead electrode can become more heated than edge portions due to
25 heat generated by the RF powered showerhead electrode. For example, the
temperature difference between the center and the edge of the showerhead
electrode can be about 100C or higher. This variation in temperature is
more pronounced when the electrode is run at higher power levels (e.g.,
3,000 to 6,000 watts) and can lead to non-uniformity in plasma etching. 30
Thus, decreasing the variation in the temperature of the RF powered  



showerhead electrode can provide more uniform plasma etching of wafers WO
20051111267 PCT/U52005/012210 -4- during a production run. In addition,
maintaining a minimum temperature of  the RF powered electrode during a
production run can improve photoresist  selectivity. In light of the
fluctuation in temperature of a RF powered showerhead  5 electrode from the
heat generated during use, a heater is provided to  maintain the center and
edge portion of RF powered showerhead electrode  within a desired
temperature range, e.g., less than 50C, preferably less  than 25C variation
in temperature from center to edge. By heating the RF  powered showerhead
electrode in cooperation with cooling from a 10 temperature controlled
member such as a top wall (top plate) of the  chamber, a desirable
temperature distribution may be provided in a RF  powered showerhead
electrode during operation of a plasma processing  apparatus. According to a
preferred embodiment, the temperature  difference between the center portion
and the edge portion of a showerhead 15 electrode can be maintained in a
range effective to improve uniformity of  plasma processing such as plasma
etching high aspect ratio openings in  dielectric material such as silicon
oxide. In a preferred embodiment, a plasma processing apparatus includes
the heater, a temperature controlled heat sink and a showerhead electrode,
20 where the showerhead electrode is RF powered. The plasma processing
apparatus of this embodiment allows for the temperature of the showerhead
electrode to be controlled by active heating and active cooling of the
showerhead electrode. Figure 1 shows a cross-sectional view of a plasma
processing 25 apparatus 100 according to a first embodiment, which includes
a heater and  an upper showerhead electrode temperature control system. In
Figure 1, a  plasma processing apparatus 100 is provided with a heater 700
in a vacuum  chamber 150 and a temperature controller 900. 



As illustrated in Figure 1, a vacuum chamber 150 such as a plasma  30 etch
chamber includes an upper showerhead electrode 200 and a substrate  support
300 therein, the upper showerhead electrode 200 and the substrate  support
300 being separated by the gap 400 within which a substrate is WO
20051111267 PCT/US2005/012210  -5 processed. The upper showerhead electrode
200 includes a perforated or  porous planar or non-planar surface to
dispense reactant gases over an  exposed surface of the substrate. Above the
upper showerhead electrode  200, a gas distribution member 500 is provided,
where the gas distribution 5 member 500 supplies a process gas to the upper
showerhead electrode 200  from a gas supply 550 outside the vacuum chamber
150. The gas  distribution member 500 is also electrically conductive and
distributes RF  power from a RF power supply 570 outside the vacuum chamber
150 to the  upper showerhead electrode 200. 10 Also, as illustrated in
Figure 1, a heater 700 is located above a  horizontally extending portion of
the gas distribution member 500, where the  heater 700 provides heat to the
upper showerhead electrode 200 through  the gas distribution member 500 and
a thermally conductive insulator 600,  where the insulator 600 is provided
between the heater 700 and the gas 15 distribution member 500. The insulator
600 is a thermally conductive,  electrically insulating body which functions
to electrically insulate the heater  700 from the gas distribution member
500, while allowing heat from the  heater 700 to be conducted to the gas
distribution member 500. Thus, the  RF power transmitted through the gas
distribution member 500 is electrically 20 isolated from power supplied to
the heater 700, while still allowing thermal  conduction between the heater
700 and the upper showerhead electrode  200. In order to control the
temperature of the upper showerhead electrode  200, a temperature controller
900 is provided which uses any suitable 25 temperature monitoring
arrangement such as at least one temperature  



sensor 950 to measure the temperature (T) of the upper showerhead  electrode
200. The temperature sensor 950 can include a fiber optic  temperature
sensing element located in close proximity to a backside of the  upper
showerhead electrode 200 or the temperature sensor 950 can be 30 thermally
connected to the upper showerhead electrode 200. For example,  as
illustrated in Figure 1, the temperature sensor 950 is located on the
vicinity of an edge portion of the upper showerhead electrode 200. The WO
2005/111267 PCT/US2005/012210  -6 temperature controller 900 can be used to
determine, based on data/signals  representing temperature T of the upper
showerhead electrode 200 provided  by the temperature sensor 950, whether
the temperature of the upper  showerhead electrode 200 must be increased to
a predetermined 5 temperature (Tp). If T is less than Tp, the temperature
controller 900 is  operable to activate a power supply 550, which provides
power to the heater  700, thus increasing the temperature of the heater 700,
which in turn  increases the temperature of the upper showerhead electrode
200. The heater 700 may be powered by an alternating current (AC) or 10
direct current (DC) power supply 250, where the AC or DC power supply 250
is controlled by the temperature controller 900, as mentioned above. Also,
as illustrated in Figure 1, the heater 700 is supported by a  temperature
controlled top plate 800 which forms a vacuum sealed upper  wall of the
chamber. The top plate 800 is electrically grounded and can be 15 provided
with a fluid control apparatus 850, which is also controlled by the
temperature controller 900 and can include a temperature chiller to cool
fluid  run through the top plate 800. Alternatively, the top plate 800 can
be cooled  in a continuous or discontinuous manner without the fluid control
apparatus  850. For example, water may be run continuously through the top
plate 800  20 without a fluid control apparatus 850 being used. If the
temperature controller 900 is used, the temperature of the top  plate can be
adjusted as desired. For example, if T is more than Tp, the  



temperature controller 900 can cause the fluid control apparatus 850 to flow
a cooling fluid through the top plate 800 to cool the heater 700 which then
25 acts as a heat sink for the upper showerhead electrode 200 and thus cools
the upper showerhead electrode 200, as discussed below. However, the  fluid
passing through the top plate 800 can be circulated continuously and  the
temperature of the fluid can optionally be raised or lowered and/or the
flow rate of the fluid can be increased or decreased based on instructions
30 from the temperature controller 900. Additionally, as illustrated in
Figure 1, upper electrical insulators 630  are used to electrically insulate
the top plate 800 from the gas distribution WO 2005/111267 PCT/US2005/012210
-7 member 500. Also, lateral electrical insulators 620, 640 surrounding the
upper showerhead electrode 200 and gas distribution member 500 are used  to
electrically insulate the upper showerhead electrode 200 from the heater
700. 5 The substrate support 300 includes a lower electrode and an optional
electrostatic chuck (ESC) on an upper surface thereof opposite from the
upper showerhead electrode 200 in the apparatus 100. Accordingly, a
substrate subjected to plasma processing may be supported with or without
being mechanically or electrostatically clamped on an upper surface of the
10 substrate support 300. In a second embodiment, the apparatus 100 can
incorporate the gas  distribution member 500 without the heater 700, where
the gas distribution  member 500 can be RF insulated within the apparatus
100 from other parts  of the plasma etching chamber. In this embodiment, the
gas distribution 15 member 500 can be RF insulated using the insulator 600
and/or other  insulating members as desired to allow RF to penetrate through
the gas  distribution member 500. Also in the second embodiment, the gas
distribution member 500  includes a plate 505 and an axially extending
member 508, where the axially  



20 extending member 508 includes a RF connection to receive a cable
electrically connected to the RF power supply 570. Thus, the member 508 is
used to distribute RF power from the RF power supply 570 to the plate 505
then to the upper showerhead electrode 200 through contact points between
the plate 505 and the upper showerhead electrode 200. For example, the 25
plate 505 can include a plurality of annular projections in contact with the
backside of the upper showerhead electrode 200. The axially extending member
508 additionally functions to distribute  process gas from the gas supply
550 to one or more plenums between the  plate 505 and the upper showerhead
electrode 200. As such, both RF 30 power and process gas are supplied to the
upper showerhead electrode 200  through the gas distribution member 500. By
supplying RF power through  the gas distribution member 500, the RF power
can be supplied more WO 2005/111267 PCT/US2005/012210  -8 uniformly over the
upper showerhead electrode 200 so as to reduce  temperature variations from
center to edge across the exposed surface of  the upper showerhead electrode
200. Also, by supplying process gas  through the member 500 it is possible
to deliver process gas at desired flow 5 rates to one or more zones in the
chamber. In Figure 3, a preferred method of operating the apparatus 100 of
the  third preferred embodiment is illustrated. As shown in Figure 3, the
method  begins with a step 1100 of inserting a wafer onto the support 300.
Next, in  step 1200 the temperature sensor 950 in the upper showerhead
electrode 10 200 measures the temperature of the upper showerhead electrode
200.  Next, in step 1300 the temperature controller 900 compares the
measured temperature (T) with a predetermined temperature range (Tp),  where
the predetermined temperature range corresponds to the desired  temperature
for the upper showerhead electrode 200. If T is less than Tp, 15 then in
step 1320 power is provided to the heater in order to heat the upper
showerhead electrode 200 a predetermined amount, then step 1200 is  



repeated to determine if the amount of power supplied to the heater 700 was
appropriate. If T is more than Tp, in step 1340 a cooling fluid is run
through  the top plate and step 1200 is repeated to determine if the amount
of cooling 20 fluid run through the top plate 800 was appropriate. If T is
about the same  as Tp, then the wafer is processed in step 1400 and removed
in step 1500  before it is determined whether another wafer is to be
processed in step  1600. If no other wafers are to be processed, the process
ends in step  1700, but if another wafer is to be processed, the process
repeats and a  25 wafer is inserted in step 1100. It is noted that the
temperature controller can be any type of  information processor, such as a
stand-alone computer or an internal logic  switch. Also, it is noted that
the amount of power and cooling fluid provided  30 can be varied as desired
depending on the process and the operating  conditions. For example, if T is
much less than Tp, then more power can be  provided to the heater 700 at
step 1320 than if T is slightly less than Tp. WO 2005/111267
PCT/US2005/012210  -9 A third embodiment is illustrated in Figure 4. In
Figure 4, in addition  to the components of the first embodiment, the upper
showerhead electrode  200 is illustrated with a backing member 220 (such as
a graphite plate  elastomer bonded to the electrode 200), where the gas
distribution member 5 500 is attached to the backing member 220 (e.g.,
member 500 can be  fastened to the member 220 by bolts or other fasteners).
For example, the  backing member 220 may be provided to enhance structural
support of the  electrode 200 and can be attached to the gas distribution
member 500 with  contact bolts 225, discussed below. Additionally, a
secondary insulator 650, 10 which is electrically insulating, is provided on
an outer lateral region of the  axially extending member 508 and inner
lateral regions of the heater 700  and the top plate 800, in addition to the
upper and lateral electrical insulators  630, 640 mentioned above. 



In the third embodiment, the backing member 220 is preferably 15 attached to
a backside of the upper showerhead electrode 200 by elastomer  bonding (for
example, see commonly assigned U.S. Patents Nos. 6,194,322  1311 and
6,073,577, which are hereby incorporated by reference in their  entirety).
The member 220 includes gas passages 226 aligned with gas  passages 206 in
the upper showerhead electrode 200 to provide gas flow 20 into the gap 400.
The top plate 800 forms a removable and vacuum sealed  top wall of the
apparatus 100 and functions as a heat sink which cooperates  with the heater
700 to control the temperature of the upper showerhead  electrode 200. The
backing member 220 is preferably made of a material that is  25 chemically
compatible with process gases used for processing  semiconductor substrates
in the plasma processing chamber, has a  coefficient of thermal expansion
closely matching that of the electrode  material, and/or is electrically and
thermally conductive. Preferred materials  that can be used to make the
backing member 220 include, but are not 30 limited to, graphite and silicon
carbide (SiC). The third embodiment also features a ground electrode 250
surrounding electrode 200. This outer electrode member 250 is useful for WO
2005/111267 PCT/US2005/012210  -10 larger wafer processing such as 300 mm
wafers, and the outer electrode  member 250 is also provided with a backing
ring 260 and an electrically  grounded ring 270 located on the outer
electrode member 250 adjacent to  the insulator 600 and a lateral electrical
insulator 640. Further details of this 5 electrode arrangement can be found
in commonly assigned U.S. Patent  Application No. 10/645,665, the subject
matter of which is hereby  incorporated by reference. If desired, the
chamber can include a plasma  confinement arrangement surrounding gap 400,
details of which can be  found in commonly assigned U.S. Patent No.
6,602,381 131 and U.S. Patent 10 No. 5,534,751, which are hereby
incorporated by reference herein in their  



entirety. Further, as illustrated in Figure 5, which is an enlarged portion
of  Figure 4, contact points 520 between the backing member 220 and the gas
distribution member 500 are shown as protrusions from the gas distribution
15 member 500 toward the upper showerhead electrode 200 and the backing
member 220. The contact points 520 are illustrated as concentric rings in
cross-section in Figure 5 that protrude from the gas distribution member
500.  However, the contact points 520 may be continuous or discontinuous
rings,  spaced individual points or any other shaped member capable of 20
transmitting RF power and conducting heat therethrough. If continuous
contact point rings are used, channels can be provided in the rings in order
to allow for gaseous communication between plenums formed between the  rings
and the backside of the showerhead electrode. On the other hand, the
channels may be omitted if cross-communication is not desired and 25
therefore gases on one side of the contact point rings are intended to be
isolated from gases on the other side of the rings. For example, as
illustrated in Figure 4, three concentric rings are provided between the gas
distribution member 500 and the upper showerhead electrode 200. Each contact
point 520 of the gas distribution member 500 can have a  30 contact area
depending upon the amount of RF and thermal conductivity  desired, as well
as the area desired to supply gas from the gas distribution  member 500 to
the upper showerhead electrode 200. For example, as WO 2005/111267
PCT/US2005/012210 -11- illustrated in Figure 5, plenums between the gas
distribution member 500  and the backing member 220 allow for gas passage
therebetween while  contact points 520 allow for RF and thermal
conductivity. Preferably, the contact area provided by the contact points
520  5 between the gas distribution member 500 and the upper showerhead
electrode 200 is on the order of 0.1 % to 99.9% of the total surface area of
the gas distribution member 500, e.g., 1 to 5%, 5 to 15%, 15 to 30%, 30 to  



45%, 45 to 60%, 60 to 75%, 75 to 90% or 90 to 99.9%. In an exemplary
embodiment, the contact points 520 are provided as  10 four integrally
formed continuous rings each of which is 0.5 inch wide. In this  embodiment,
the first ring has an inner diameter of about 2.5" and an outer  diameter of
3", the second ring has an inner diameter of about 5" and an  outer diameter
of 5.5", the third ring has an inner diameter of about 8" and an  outer
diameter of 8.5" and the fourth ring has an inner diameter of about 11" 15
and an outer diameter of 11.5" on a gas distribution member 500 with an
outer diameter of about 12.2", where the upper showerhead electrode 200  has
approximately the same diameter as the gas distribution member 500.  In this
embodiment, the contact area is from 15 to 20% of the total area of  the gas
distribution member 500. 20 Additionally, the upper showerhead electrode 200
can have a few gas  outlets or many gas outlets of any desired dimension or
configuration  depending on the reactor and/or the process carried out
therein, where the  gap 400 can be any desired spacing, e.g., 1" to 10", 2"
to 5" or 3" to 6". For  example, if the gap is large, e.g., about 6 cm or
more, only a few gas outlets 25 can be provided at the center of the upper
showerhead electrode 200 while  providing a high contact area, e.g., over
90%, such as about 99%, between  the gas distribution member 500 and the
upper showerhead electrode 200. Additionally, contact bolts 225 are also
illustrated, where the contact  bolts 225 secure the upper showerhead
electrode 200 and the backing 30 member 220 to the gas distribution member
500, where the gas distribution  member 500 supports the backing member 220
and the upper showerhead WO 2005/111267 PCTIUS2005/012210 -12- electrode
200. For instance, contact bolts 225 passing through the member  500 can be
threaded into threaded holes in member 220. The temperature of the electrode
200 can be further controlled, in  addition to using a heater 700, top plate
800, temperature sensor 950, power  5 supply and temperature controller 900,
by also controlling temperature 



conduction between the heater 900 and the top plate 800. For example, as
illustrated in Figure 5, the heater 700 may include  projections forming
thermal chokes 750 or the apparatus 100 may include  thermal chokes 750
separate from the heater 700, which are preferably 10 choke rings. The
thermal chokes 750 in either form provide a resistance to  heat flow and
inhibit thermal conduction between the heater 700 and the top  plate 800,
where in order to control the heat flow, the size and the material of  the
thermal chokes 750 can be adjusted. For example, the thermal chokes  750 can
be narrower or can be made of a less thermally conductive material  15 if
less heat flow is desired. Preferably, the thermal chokes 750 are sized to
control the thermal  conductivity, where the contact area between the
thermal chokes 750 and  the heater 700 can range from 1 % to 100% of the
area of the heater, e.g., 1  to 5%, 5 to 15%, 15 to 30%, 30 to 45%, 45 to
60%, 60 to 75%, 75 to 90% or  20 90 to 100%. In an exemplary embodiment, the
thermal chokes 750 are provided as  three discrete continuous rings each of
which is 1 inch wide. In this  embodiment, the first ring has an inner
diameter of 3" and an outer diameter  of 4", the second ring has an inner
diameter of 10.5" and an outer diameter 25 of 11.5" and the third ring has
an inner diameter of about 15.6" and an outer  diameter of 16.6" on a heater
700 with an inner diameter of 3" and an outer  diameter of 16.7". In this
embodiment, the contact area between the thermal  chokes 750 and the heater
700 range from 20 to 25% of the total area of the  heater 700. 30 The
thermal chokes 750 can be made of any material, but are  preferably made of
a material the same or lower thermal conductivity than  the material used
for the heater 700 and/or the top plate 800. For example, WO 2005/111267
PCT/US2005/012210  -13 the thermal chokes 750 can be made of aluminum or
stainless steel, but are  preferably made of stainless steel which has a
lower thermal conductivity in  



the case where the heater 700 and top plate 800 are made of aluminum or  an
aluminum alloy. 5 Also, the heater 700 may be attached to the top plate 800
with  fasteners that may extend through oversized openings (not shown) in
the top  plate 800 and into threaded openings in the surface of the thermal
chokes  750 in the case where the thermal chokes 750 are integral with the
heater  700. In the case where the thermal chokes 750 are separate pieces
from 10 the heater 700, the thermal chokes 750 can be attached to the top
plate 800  as indicated above and additional bolts passing through openings
in the  thermal chokes 750 can be threaded into threaded openings in the
heater  700. In the case where the attachment bolts are not sealed on the
outside  15 of the top plate, the points of attachment to the thermal
chokes, heater and  showerhead assembly can be confined to vacuum sealed
areas. For  instance, as illustrated in Figure 5, such vacuum sealed areas
may be  provided between the heater 700 and the top plate 800 by O-rings 95.
0- rings can also be located between various components. For example, 0 20
rings 95 may be used to create vacuum sealed areas between the top plate
800 and the heater 700, the heater 700 and the insulator 600, the insulator
600 and the gas distribution plate 500, and/or the heater 700 and the
electrically grounded ring 270. Also, as mentioned above, the upper
showerhead electrode 200 is  25 preferably RF powered. However, the upper
showerhead electrode 200  (and the lower electrode) may be electrically
grounded or powered, where  the power is provided preferably by a
radio-frequency (RF) or a direct current  (DC) power source. Preferably for
plasma processing, one electrode is RF  powered with RF power at two or more
frequencies (e.g., 2 MHz and 27 30 MHz) while the other electrode is
grounded. See, for example, commonly- assigned U.S. Patent No. 6,391,787,
the entire disclosure of which is hereby  incorporated by reference. WO
2005/111267 PCT/US2005/012210  



-14 In a fourth embodiment, the temperature of an upper showerhead
electrode is controlled to minimize striations formed in openings in
openings  in patterned photoresists (PR), which are used in etching features
in layers  such as silicon oxide, for example, features such as high aspect
ratio 5 contacts (HARC). One problem arising in etching of narrow features
is that  striations may occur on the overlying PR sidewalls. The striations
are  vertically extending irregularities that result in a rough PR sidewall.
Since  the PR is being used as a mask in etching, such irregularities are
transferred  to the underlying layer. Striations in underlying layers, such
as silicon oxide, 10 make It difficult to fill materials, such as metals,
into an etched feature and  may introduce reliability and performance
problems with the irregularly  shaped feature. For these reasons, it is
desirable to provide an oxide  etching process that is selective to
photoresist, does not produce etch stop,  and reduces the occurrence of
striations. 15 The temperature of the upper showerhead electrode can be
maintained at an elevated temperature to minimize the etching rate of the
PR thus minimize the loss of PR and the degree of striations in the PR. For
example, as shown in Figure 7, by using a heater 700 in combination with
the upper showerhead electrode 200, an increase in temperature from about 20
75C to about 225C of an exemplary upper showerhead electrode leads to
deposition of polymer and polymer buildup on the PR, i.e., a decrease in
etch rate of the PR from about 20 A/min to about minus 540 A/min where the
negative etch rate corresponds to deposition of polymer and polymer build
up on the PR. 25 This Is further illustrated in Figure 8, where the effect
of an exemplary  upper showerhead electrode temperature on a corresponding
PR etch rate is  depicted. In Figure 8, a C4F6/02 etch gas is supplied for
etching features in  a silicon oxide layer through openings in a patterned
PR, where the upper  showerhead electrode has a temperature ranging from 20C
to 80C and the 30 showerhead temperatures measured at an edge region
thereof. In Figure 8,  



it is shown that the PR etch rate decreases from about 250 A/min using a
showerhead electrode at 20C, to a negative etch rate (i.e., polymer buildup)
WO 20051111267 PCTIUS2005/012210  -15 since the etch rate becomes minus 1000
Almin using a showerhead  electrode is at 80C. Further, Figures 9a-d are
photomicrographs which illustrate examples  of upper electrode temperature
effects (70C in FIG. 9a, 90C in FIG. 9b, 5 105C in FIG. 9c and 130C in FIG.
9d) on striations caused during etching.  In Figure 9a, which is the lowest
temperature in the example at 70C,  compared to Figure 9b, which is the
second lowest temperature in the  example at 90C, the striations around the
circumference of openings in the  PR are reduced at the higher showerhead
electrode temperature. This is 10 further illustrated in Figures 9c and 9d,
which progressively continue to  increase in temperature to 105C and 130C,
respectively, and also show a  decrease in striations around the
circumference of the openings in the PR  due to increased upper showerhead
electrode temperature. Thus, an upper showerhead electrode with an elevated
temperature  15 can lead to a reduction in the striations formed in a PR
during plasma  etching. A. Heater The heater 700 may include any type of
active heater. Preferably, the  heater 700 includes a metal plate with at
least one resistance heating 20 element, where the resistance heating
element heats the plate to provide  uniform heating of the upper showerhead
electrode 200. Although any  heater configuration may be used, a resistance
heating element in  combination with a thermally conductive plate is
preferred, where the plate is  preferably made of a metallic material, such
as aluminum, an aluminum 25 alloy, or the like, which is preferably machined
to a shape compatible with  the upper showerhead electrode 200. For
instance, the heater 700 can  include at least one resistance heating
element in a plate of a cast aluminum  



alloy. According to a preferred embodiment, heater 700 provides heat when
30 a temperature controller 900 operates the power supply 250 to deliver
power  to the heater 700 where the temperature controller can vary a heater
cycle WO 2005/111267 PCTIUS2005/012210 -16- time and state of heating
through controlling the power supply 250. For  example, a heater 700 can be
powered by up to about 7000 watts with 10 or  12 second pulse cycles to
maintain a threshold temperature of, for example,  80C to 200C, e.g., 100C
to 120C, 120C to 140C, 140C to 160C, or 5 160C to 180C, across the upper
showerhead electrode 200. The heater 700 is preferably in thermal contact
(i.e., the heater  indirectly contacts the top plate or one or more
thermally conducting  materials can be interposed between the heater and the
top plate) with the  top plate 800 with predetermined thermal interface
properties. These 10 thermal interface properties allow for the heater 700
to control, in  combination with the top plate 800, the temperature in the
upper  showerhead electrode 200. It is noted that the heater may also be
used as  part of a thermal path to remove heat from the upper showerhead
electrode  200 as needed, where the heater 700, in turn, can be cooled by
the top plate 15 800. The heater 700 may also be attached to the top plate
800 with  fasteners that may extend from outside the chamber through
openings (not  shown) in the top plate 800, in order for the top plate 800
to support the  heater 700. The heater 700 may also be activated during
plasma processing of  20 substrates, i.e., when plasma is being generated
between the upper  showerhead electrode 200 and the lower electrode. For
example, during  plasma processing operations that utilize relatively low
levels of applied  power to generate plasma, the heater 700 may be activated
to maintain the  temperature of the upper showerhead electrode 200 within a
desired 25 temperature range. During other plasma processing operations that
utilize  



relatively high power levels, such as dielectric material etch processes,
the  upper showerhead electrode 200 temperature may remain sufficiently high
between successive runs so that the heater 700 does not need to be
activated to prevent the upper showerhead electrode 200 from falling below
30 a minimum or threshold temperature. Heat generated by a RF powered upper
showerhead electrode 200 in  a plasma processing apparatus may cause the
upper showerhead electrode WO 20051111267 PCT/US2005/012210  -17 200 to vary
in temperature without the use of a heater. The combination of  the heater
700 and the top plate 800 may be used in a preferred plasma  processing
apparatus to maintain an upper showerhead electrode 200  threshold
temperature above a predetermined temperature, e.g., at or above 5 80C, at
or above 100C, or even at or above about 150C depending upon  the plasma
processing requirements and the amount of heat generated by  the upper
showerhead electrode 200. Preferably, the combination of the  heater 700 and
the top plate 800 can be used to achieve and maintain a  threshold
temperature of the upper showerhead electrode 200 throughout 10 processing
of an initial wafer of a production run or maintain a threshold  showerhead
electrode temperature for each wafer processed during a  production run
wherein a batch of wafers is processed one-by-one in the  chamber. In order
to minimize galling of the opposed surfaces between the  15 heater 700 and
the top plate 800 due to differential thermal expansion, a  lubricating
material 700 can be provided between the opposed surfaces of  the heater 700
and the top plate 800. Alternatively, the lubricating material  can be
provided between opposed surfaces of thermal chokes 750 and the  heater 700
and between opposed surface of thermal chokes 750 and top 20 plate 800. For
example, as illustrated in Figure 5, a layer of a lubricating  material 760
can be placed between an upper surface of the heater 700 and  a lower
surface of the top plate 800. Preferably, the location of the  



lubricating material is on the atmosphere side of a vacuum seal defined by
O-ring seals. 25 The lubricating material 760 preferably has a low level of
contact  resistance in order to minimize the galling caused by movement
between the  opposing surfaces. Additionally, the lubricating material 760
preferably has  sufficient thermal conductivity to provide for sufficient
heat transfer from the  heater 700 to the top plate 800 and/or thermal
chokes 750. It is noted that 30 the lubricating material 760 can also be
used on other component surfaces  such as between opposed surfaces of the
heater 700 and the insulator 600, WO 2005/111267 PCT/US2005/012210 -18-
and/or between the gas distribution plate 500 and the upper showerhead
electrode 200. A preferred material that provides these properties is a
graphite  material, such as "GRAFOIL," which is commercially available from
UCAR 5 Carbon Co., Inc., Cleveland, Ohio. The lubricating material 760 is
preferably  a gasket having a preferred thickness of about 0.01 inch to
about 0.06 inch,  and more preferably about 0.03 inch. The lubricating
material 760 is  preferably a ring shaped gasket retained in an annular
recess formed on a  surface of a component, such as, for example, between
the heater 700 and 10 a thermal choke 750, and/or a thermal choke 750 and
the top plate 800.  The heater 700 includes a heating element, which may
preferably be  a metallic heating element or a laminate with a resistively
heated material  disposed between opposed layers of a polymeric material.
For example, a  metallic heating element may be a heating element in a cast
metal heater  15 case or a heating element located in a channel formed in a
heater. Alternatively, if a laminate heating element is used, the laminate
should be  able withstand the operating temperatures up to 200C reached by
the  heater 700. It is noted that if a laminate heating element is used, the
insulator 600 may be optional as the laminate material in the laminate 20
heating element may act as an electrical insulator. An exemplary polymeric  



material that may be used in the laminate is a polyimide sold under the
trademark Kapton(r), which is commercially available from E.I. du Pont de
Nemours and Company. The heater 700 may have one or more heating elements
arranged in  25 any suitable pattern that provides for thermally uniform
heating across the  upper showerhead electrode 200. For example, the heater
700 may have a  regular or non-regular pattern of resistive heating lines
such as a zig-zag,  serpentine, or concentric pattern. B. Top Plate 30 The
top plate 800 preferably works in combination with the heater 700  to
control the temperature of the upper showerhead electrode 200, where WO
2005/111267 PCT/US2005/012210  -19 the top plate 800 may be used to cool the
heater 700 and/or the upper  showerhead electrode 200 via a thermal path
passing through the heater  700. The top plate 800 may preferably be made of
aluminum or an  aluminum alloy, although any thermally conductive material
may be used. 5 When installed, the showerhead assembly preferably covers the
underside  of the top plate 800 inside the chamber. The top plate 800
Includes one or more flow passages through which  a temperature-controlled
fluid may be circulated. The temperature-controlled  fluid is preferably a
heat transfer fluid (liquid or gas), such as, for example, 10 deionized
water. Additionally, the top plate 800 preferably functions as an
electrical ground, as well as a heat sink, for the apparatus 100, the heater
700 and/or the upper showerhead electrode 200, as may be desired. C.
Temperature Sensors The apparatus 100 may include one or more temperature
sensors  15 950, such as thermocouples or fiber optic arrangement to monitor
the upper  showerhead electrode 200 temperature. In a preferred embodiment,
the  temperature sensor(s) 950 are monitored by a temperature controller 900
which controls power from a power supply 250 to the heater 700 and/or  



controls fluid flow from a fluid control 850 through the top plate 800 as a
20 function of the monitored temperature. Therefore, data provided by the
temperature sensors 950 to the temperature controller 900 allows for the
power supply 250 or the fluid control 850 to be activated by the temperature
controller 900 to supply power or cooling fluid in a continuous or
intermittent  fashion to the heater 700 and/or the top plate 800,
respectively so as to 25 heat, cool or maintain the upper showerhead
electrode 200 at or around a  predetermined temperature or temperature
range. As a result of the active  heating and/or cooling, the temperature of
the upper showerhead electrode  200 may be prevented from decreasing below a
preset minimum temperature or threshold temperature or increasing above a
preset  30 maximum temperature, or may be held at or around a predetermined
temperature. WO 2005/111267 PCT/US2005/012210 -20- D. Gas Distribution
Member The apparatus 100, as mentioned above, may also include a gas
distribution member 500 located above and in fluid communication with the
upper showerhead electrode 200. Preferably, by using an upper 5 showerhead
electrode 200 in combination with a gas distribution member  500, process
gas on delivered to one or more gas distribution zones above  the substrate
being processed. Moreover, the gas distribution member 500  can be used to
distribute gas to the backside of the upper showerhead  electrode 200
without requiring baffles to control the gas flow. See, for 10 example,
commonly assigned U.S. Patent No. 6,508,913, which discloses a  gas
distribution system for processing a semiconductor substrate which  includes
a plurality of gas supplies and gas supply lines for delivering mixed  gas
to zones in a chamber, and is hereby incorporated by reference herein  in
its entirety. 15 A preferred embodiment of a gas distribution member 500 is
illustrated in Figure 10, wherein the gas distribution member 500 includes a



radially or laterally extending circular metal plate 505 and an axially
extending cylindrical hub 508, where both are preferably made of aluminum
and are coaxially aligned at a contact area 170, so that gas provided to the
20 axially extending hub 508 can pass through the metal plate 505 to one or
more plenums at the backside of the showerhead electrode 200. The hub  508
and plate 505 can be formed from a single piece of material or multiple
pieces of material which are bonded or mechanically fastened together. As
illustrated in Figure 4, the axially extending hub 508 and the metal plate
505 25 can be one piece of material. Alternatively, the plate 505 can
comprise two  overlapping plates bonded or mechanically fastened together,
e.g., another  metal plate 106 can be attached to a lower surface of plate
505 with gas  channels therebetween for supplying process gas through
outlets in plate  106 into a plenum or plenums between metal plate 106 and
electrode 200, 30 as illustrated in Figure 4. Alternatively, an axially
extending hub 508 and a  separate metal plate 505 can comprise the gas
distribution plate 500, as  illustrated in Figures 1 and 2. WO 2005/111267
PCT/US2005/012210 -21- Also, as illustrated in Figures 2 and 5, the gas
distribution member  500 can be used to deliver RF power from a RF power
supply 570 to the  upper showerhead electrode 200, e.g., RF power from an RF
generator can  be supplied via a cable attached to an RF input connection on
the hub 508 5 so that RF power may be supplied through the axially extending
hub 508,  the metal plate 505 and across the upper showerhead electrode 200.
In a preferred embodiment, the metal plate 505 includes cross-bores  through
its bulk in order to form an annular distribution conduits 151, radially
extending gas passages 160 in fluid communication with conduits 151 and 10
axially extending gas outlets 115, 122, 125 in fluid communication with
passages 160. See Figures 10 and 11, for example. Likewise, the axially
extending hub 508 is also preferably bored through its bulk to form one or
more axially extending gas feeds 110, 120 as illustrated in Figure 10. Using



the gas feeds 110, 120, conduits 151, gas passages 160 and outlets 115, 15
122, 125, the gas distribution member 500 may provide gas distribution to
one or more plenums at the backside of an upper showerhead electrode  200,
wherein the gas passages 160 are connected to one or more gas feeds  110,
120 in the axially extending hub 508 through the conduits 151, as
illustrated in Figure 10. Thus, different process gas chemistries and/or
flow 20 rates can be applied to one or more zones across the substrate being
processed. In an embodiment, as distribution of gas flow can be accomplished
without the use of baffles, e.g., the apparatus 100 may contain control
points  128 to control the flow of gas from the gas supply 550 to the
outlets 115, 25 122, 125. These control points 128 are preferably
constrictor plates which  can control the amount of gas flowing through
control points 128 and thus  the outlets 115, 122, 125, as illustrated in
Figure 10. Preferably, the gas distribution member 500 includes one or more
gas  seals or barriers in contact with the upper showerhead electrode 200 in
order  30 to direct gas through the gas passages into one or more plenums at
the backside of the upper showerhead electrode 200. For instance, an O-ring
barrier 180, as illustrated in Figure 10, between the underside of a metal
WO 2005/111267 PCT/US2005/012210  -22 plate 505 and the backside of an upper
showerhead electrode 200 can be  used to establish plenums between the metal
plate 505 and the upper  showerhead electrode 200, e.g., a central plenum
190 and an outer plenum  195. 5 The gas supply 550 can provide one or more
individual gases or gas  mixtures to respective plenums at the backside of
the showerhead electrode  200. For example, inner and outer plenums can be
supplied with different  flow rates of the same process gas and/or different
gases or gas mixtures to  achieve a desired process gas distribution in the
gap 400 during processing  10 of a semiconductor substrate. 



E. Insulator The apparatus may also include an insulator 600, which is
preferably  thermally conductive but electrically insulating, and is more
preferably a  ceramic, such as aluminum nitride or boron nitride. This
insulator 600 is 15 useful for helping isolate RF power applied to an upper
showerhead  electrode 200 from other power sources and other electrically
conductive  parts associated with other power sources, such as of the heater
700.  Therefore, the insulator 600 can allow for a heater 700 to be isolated
electrically but placed in thermal contact with the upper showerhead 20
electrode 200 so that the upper showerhead electrode 200 can be heated  with
decreased electrical interference between the AC or DC power of the  heater
and the RF power of the upper showerhead electrode 200. The insulator 600 is
preferably sized to substantially fill a region  between the gas
distribution member 500 and the heater 700, but can also  25 be shaped to
include a second portion 620 that electrically insulates an outer edge
region of the gas distribution member 500. However, the insulator 600  is
most preferably shaped to electrically insulate the heater 700 and other
electrically conductive parts, such as the top plate 800, from the RF power
applied to the upper showerhead electrode 200 and its associated 30
electrically conductive RF supply path, such as the gas distribution member
500. WO 2005/111267 PCT/US2005/012210  -23 Additionally, the insulator is
preferably sized to provide a  predetermined level of electrical insulation
for predetermined power levels.  For example, an insulator layer 600
provided in a 2300 ExelanTM plasma  chamber, manufactured by Lam Research
Corporation, the assignee of the 5 present application, can be sized to a
thickness between 0.2 to 1.0 inch,  more preferably 0.3 to 0.8 inch, e.g.,
0.5 to about 0.75 inch. F. Subassemblies In order to structurally support
the components of the apparatus 100,  



mechanical fasteners are employed to hold the components in place relative
10 to one another. Preferably metal bolts are used as the mechanical
fasteners, where the bolts are used to attach each of the components within
the apparatus 100. Preferably, two separate subassemblies are used to
simplify assembly of the apparatus 100, as well as to facilitate the
maintenance and replacement of components within the apparatus 100. 15 In
order to form the first subassembly, an upper showerhead  electrode 200 is
attached to the gas distribution member 500 by bolts  passing through the
gas distribution member 500 into threaded openings or  threaded inserts in
the backside of the showerhead electrode 200, which in  turn is attached to
the insulator 600 by bolts passing through the insulator 20 600 into
threaded openings or threaded inserts in the backside of the gas
distribution member 500. In order to form the second subassembly, the
thermal chokes 750 are bolted to the top plate 800 by bolts passing through
the top plate 800 into threaded openings or threaded inserts in the backside
of the thermal chokes 750 and the top plate 800 is bolted to the heater 700
25 by bolts into threaded openings or threaded inserts in the backside of
the  heater 700. Then the first subassembly can be attached to the second
subassembly by bolts passing through the top plate 800 and the heater 700
into threaded openings or threaded inserts in the backside of the insulator
600. In general, the second subassembly is intended to be used for a longer
30 period from than first subassembly, i.e., the first subassembly can be
replaced while the second subassembly remains in the apparatus. WO
2005/111267 PCT/US2005/012210  -24 Additionally, as mentioned above, a
lubricating material is preferably  provided in vacuum sealable regions
between opposed surfaces of various  components of the apparatus 100 to
minimize galling. Preferably, as illustrated in Figure 12, the first
subassembly 1000 5 includes bolts 225, which fasten the upper showerhead
electrode 200 into  the gas distribution member 500, and bolts 930 for
fastening the gas  



distribution member 500 into the insulator 600. Further, the second
subassembly 1100 preferably includes bolts 940 which fasten the top plate
800 to the thermal chokes 750 and bolts 910 which fasten the top plate 800
10 to the heater 700. Alternatively, thermal chokes 750 can be bolted by
bolts  950 to the heater 700 prior to bolting the thermal chokes 750 to the
top plate  800. In a preferred embodiment, as illustrated in Figure 12, the
parts of the  subassemblies 1000, 1100 include fasteners 900 located in
stepped 15 openings in lower surfaces of the parts to allow bolts from
overlying parts to  pass through aligned holes and thread into the
fasteners. Details of such  fasteners are provided on commonly-assigned U.S.
Patent Application Serial  No. 10/623,540, the entire subject matter of
which is hereby incorporated by  reference. 20 While the invention has been
described in detail with reference to  specific embodiments thereof, it will
be apparent to those skilled in the art  that various changes and
modifications may be made, and equivalents  employed, without departing from
the scope of the appended claims. -25- WHAT IS CLAIMED IS: 1. A showerhead
electrode assembly, comprising: a showerhead electrode adapted to  be
mounted in an interior of a vacuum chamber and powered by radio frequency
(RF) energy; a  radio frequency (RF) distribution member attached to the
showerhead electrode, wherein the RF  distribution member includes a first
portion adapted to extend axially into an opening in a  temperature
controlled top wall of the vacuum chamber, and the RF distribution member
including a second portion extending laterally over the showerhead
electrode, and providing a RF  path to multiple contact points across the
showerhead electrode; and a thermal path member  attached to the RF
distribution member and adapted to provide at least a portion of a thermal
path  between the top wall of the vacuum chamber and the second portion of
the RF distribution  member to the showerhead electrode. 2. The showerhead
electrode assembly of claim 1, wherein the thermal path member  comprises a
thermally conducting, electrically insulating body. 



3. The showerhead electrode assembly of claim 2, wherein the thermal path
member  comprises a nitride material. 4. The showerhead electrode assembly
of claim 2, wherein the thermal path member  comprises a plate of aluminum
nitride or boron nitride. 5. The showerhead electrode assembly of claim 1,
further comprising a heater  forming at least a portion of the thermal path
between the temperature controlled top wall of the  vacuum chamber and the
showerhead electrode. -26- 6. The showerhead electrode assembly of claim 5,
wherein the assembly further comprises one or more electrically insulating
members surrounding the RF distribution member  and the showerhead
electrode. 7. The showerhead electrode assembly of claim 5, wherein the
heater and the  showerhead electrode are adapted to be connected to a
temperature controller. 8. The showerhead electrode assembly of claim 5,
further comprising thermal chokes  on a surface of the heater facing the top
wall. 9. The showerhead electrode assembly of claim 5, wherein the heater
comprises a  metal body and a resistance heating element. 10. The showerhead
electrode assembly of claim 5, wherein the heater comprises a  resistively
heated material disposed between opposed layers of a polymeric material. 11.
The showerhead electrode assembly of claim 5, wherein the heater comprises
an  alternating current or direct current powered heating element. 12. The
showerhead electrode assembly of claim 5, further comprising a plurality of
thermal chokes adapted to provide at least a portion of the thermal path
between the heater and the  temperature controlled top wall. 13. The
showerhead electrode assembly of claim 5, wherein the thermal path member
contacts the heater and the RF distribution member. -27- 14. The showerhead
electrode assembly of claim 1, wherein the RF distribution  member
comprises: at least one gas passage supplying process gas to the backside of
the showerhead  electrode. 



15. The showerhead electrode assembly of claim 14, wherein the RF
distribution  member comprises a circular metal plate and an axially
extending hub coaxial with the plate,  wherein the axially extending hub has
at least one axially extending gas passage supplying  process gas to one or
more radially extending gas passages in the metal plate which communicate
with one or more gas outlets facing the backside of the showerhead
electrode. 16. The showerhead electrode assembly of claim 15, wherein the at
least one gas  passage of the axially extending hub supplies process gas to
a central conduit in communication  with a first group of the radially
extending gas passages. 17. The showerhead electrode assembly of claim 14,
wherein the RF distribution  member includes first and second axially
extending gas passages operable to supply process gas  to discrete central
and annular plenums at the backside of the showerhead electrode, wherein the
first gas passage is adapted to connect a first gas supply to the central
plenum and the second gas  passage is adapted to connect a second gas supply
to the annular plenum. 18. The showerhead electrode assembly of claim 17,
wherein at least one gas seal  between the RF distribution member and the
showerhead electrode separates the central plenum  from the annular plenum.
19. The showerhead electrode assembly of claim 14, wherein the RF
distribution  member comprises a metal plate, wherein the metal plate
comprises at least one gas conduit  supplying process gas to at least one
gas passage, which in turn supplies process gas to at least  one gas outlet.
-28- 20. The showerhead electrode assembly of claim 14, wherein the RF
distribution member includes a RF power input connection and at least one
process gas inlet. 21. The showerhead electrode assembly of claim 14,
wherein the RF distribution  member comprises gas conduits, radially
extending gas passages and axially extending gas  outlets. 22. The
showerhead electrode assembly of claim 1, wherein the showerhead electrode
is adapted to be powered by a single RF power source. 23. The showerhead
electrode assembly of claim 1, wherein the showerhead electrode  includes a
silicon electrode plate with gas outlets on one side thereof and the
opposite side  therefore elastomer bonded to a backing member of silicon
carbide or graphite in contact with the  



RF distribution member. 24. A vacuum chamber comprising the showerhead
electrode assembly of claim 5,  further comprising: a temperature
controller; a power supply adapted to supply power to the heater in response
to the temperature  controller; a fluid control adapted to supply fluid to
the temperature controlled top wall in response to  the temperature
controller; and a temperature sensor arrangement adapted to measure the
temperature of one or more  portions of the showerhead electrode and supply
information to the temperature controller. 25. The vacuum chamber of claim
24, wherein the top wall of the vacuum chamber is  electrically grounded.
-29- 26. A method of controlling plasma etching, comprising: supplying
process gas to the plasma etching chamber through a showerhead electrode,
the process gas flowing into a gap  between the showerhead electrode and a
bottom electrode on which a semiconductor substrate is  supported; and
etching a semiconductor substrate in the plasma etching chamber by applying
RF  power to the showerhead electrode and energizing the process gas into a
plasma state, wherein the  RF power and the process gas are supplied to the
showerhead electrode by a gas distribution  member electrically isolated
from other parts of the plasma etching chamber. 27. The method of claim 26,
further comprising the heating of the showerhead  electrode at a temperature
of at least 80C. 28. The method of claim 27, wherein the heating of the
showerhead electrode  comprises heating and maintaining at least a portion
of the showerhead electrode at a temperature  of at least 100C. 29. The
method of claim 27, wherein the heating of the showerhead electrode
comprises heating and maintaining at least a portion of the showerhead
electrode at a temperature  of at least 150C. 30. The method of claim 27,
wherein the heating of the showerhead electrode occurs  before the etching
of the semiconductor substrate. 31. The method of claim 26, wherein the
etching comprises etching openings in an  



oxide layer on the semiconductor substrate, the openings being defined by a
patterned photoresist.  32. The method of claim 27, wherein the process gas
comprises a fluorocarbon and/or hydrofluorocarbon gas and the heating of the
showerhead electrode reduces striations on a  photoresist on the
semiconductor substrate by controlling fluorine radical density in the
process  gas. -30- 33. The method of claim 26, wherein the etching forms
high aspect ratio contact  openings in a silicon oxide layer. 34. The method
of claim 26, further comprising cooling the showerhead electrode by
conducting heat along a thermal path extending from the showerhead electrode
to the gas  distribution member, a thermal path member, a heater, one or
more thermal chokes and into a top  wall. 35. The method of claim 26,
wherein the applying power to the showerhead electrode  comprises supplying
RF power from an RF source outside the plasma etching chamber to an RF
input located on the gas distribution member, through the gas distribution
member and through  multiple contact points between the gas distribution
member and the showerhead electrode. 36. The method of claim 26, wherein the
supplying gas comprises supplying gas from  the gas distribution member to
one or more plenums at the backside of the showerhead electrode.  37. The
method of claim 26, wherein the supplying gas comprises supplying a first
gas mixture to a central zone in the gap between the substrate and the
showerhead electrode and  supplying a second gas mixture to an annular zone
in the gap surrounding the central zone, the  second gas mixture being
different from the first gas mixture or the second gas mixture being the
same as the first gas mixture but supplied at a different flow rate than the
first gas mixture. 38. The method of claim 26, comprising etching a batch of
wafers one-by- one in the  plasma etching chamber, the showerhead electrode
being maintained at a substantially uniform  temperature during processing
of the batch of wafers. -31- 39. The method of claim 27, wherein the heating
of the showerhead electrode comprises heating a central portion and an edge
portion of the showerhead electrode such that a  temperature differential is
less than 50C between the center portion and the edge portion of the
showerhead electrode. 



40. The method of claim 27, wherein the heating of the showerhead electrode
comprises heating a central portion and an edge portion of the showerhead
electrode such that a  temperature differential is less than 25C between the
center portion and the edge portion of the  showerhead electrode. 


