
TEMPERATURE CONTROLLED SHOWERHEAD FIELD OF THE
INVENTION The present invention pertains to apparatus and systems for
depositing films on a 5 substrate, Specifically, the invention pertains to a
chemical vapor deposition (CVD) apparatus for injecting gases into a
reaction chamber. Even more specifically, the invention pertains to a
temperature controlled showerhead and its temperature control system.
BACKGROUND CVD showerhead reactors employ a perforated or porous
planar surface to dispense 10 reactant and canner gases as uniformly as
possible over a second parallel planar surface. This configuration can be
used for continuous batch processing of multiple substrates or processing
of single round wafers. Wafers are generally heated to a process
temperature at which the reactant gases react and deposit a film on the
wafer surface. Showerhead reactors, or parallel-plate reactors, lend
themselves to implementation of 15 plasma-enhanced processes, e.g.,
plasma-enhanced chemical vapor deposition (PECVD). in most PECVD
reactors the top and bottom electrodes are about the same size. The
wafer electrode may be a substrate support and be grounded and the
showerhead may have RF power applied. Bias RE power may be applied
to the substrate support. The applied RE in the showerhead may
necessitate insulating sections in the gas supply system to avoid creating
a 70  parasitic discharge in the gas feed lines to the chamber. RE power
may be applied through the substrate support electrode, while the
showerhead may be grounded.        Wafer-to-wafer uniformity may be
affected by varying reaction temperature from wafer-to-wafer: process
conditions, clean cycles, idling time, and change in emissivity of the
showerhead components over time can all affect the substrate or wafer as
well as the gas 25 reaction temperature. Although after a number of
wafers in continuous batch processing the showerheads eventually reach
an equilibrium temperature, these factors can affect the equilibrium
temperature or the number of deposition cycles before the equilibrium
temperature is reached. Also, in a multiple station chamber, showerhead
temperature may vary from station to station. For example, the cool
incoming wafers at station 1 may lead to a progressive cooling of the
showerhead. The thermal cycle of showerheads may also create particles
from 



coatings on the showerhead having different coefficients of thermal
expansion from the showernead itself       It is therefore desirable to
accurately control the temperature of each showerhead in a chamber to
create a manufacturing-worthy equipment with best wafer-to-wafer
uniformity. The showerhead should be designed without creating particles
and be manufacturable at the lowest cost without increasing footprint or
reducing throughput while maintaining good wafer-towafer uniformity.
SUMMARY OF THE INVENTION        A temperature controlled CND
showerhead and temperature control system with enhanced heat
dissipation enable accurate and stable temperature control with fast
response. Accurate temperature control reduces wafer-to-wafer
non-uniformity within continuous batch processing and from batch to
batch. The enhanced heat dissipation and heater enable quick recovery to
the temperature set point when changes in the operating environment
perturb the system.Increased heat dissipation is achieved by increased
conduction through the 15showerhead stem, additional convective cooling
using a fluid in a fluid passageway and increased radiation from a back
plate. The temperature control system also includes a heat exchanger that
serially cools the convective cooling fluid flowing in the showerhead fluid
passageway. In addition, the showerhead temperature may provide an
additional parameter for process optimization. 20In one aspect, the
present invention pertains to a temperature controlled CVD showerhead
that includes a stem with a convective cooling fluid. passageway, a back
plate thermally coupled to the stem, a heater physically attached to the
back plate, a face plate thermally coupled to the hack plate, and a
temperature sensor for measuring a temperature of the face plate The
temperature sensor may be a thermocouple attached to the face plate A
25  non-contact method for temperature measurement, based on infra-red
radiation, fluorescence or pyrometry may also be employed. The back
plate may be made of aluminum or an alloy of aluminum. The external
surface of the back plate may be coated with a material to increase
emissivity. The coating may be anodized aluminum. The heater may be
an electrical resistance heater and may he embedded in the back plate.
The face mate may be made of 30aluminum, anodized or coated
aluminum, or other metal that is formulated to be high 



temperature, Chemical and plasma resistant.       The stem houses a
channel through which reactant and carrier gases flow to the face plate,
where the gases are distributed through holes or perforations in the face
plate. A baffle plate or some other distribution device may be located
between the end of the gas channel and the face plate to help distribute
the gas evenly. The stem also houses a convective cooling fluid
passageway through which cooling fluid may flow to cool the showerhead.
The fluid passageway is constructed so that it is isolated from the
rea.ctant channel in the stem carrying reactant and carrier gases to the
showerhead. The convective cooling fluid enters the stern at an inlet and
may exit the stem through one or more exit channels. in the stem, the inlet
or the outlet channel or both channels of the passageway may follow a
helical path or some other 10 tortuous path designed for conductive heat
transfer between the fluid and the surface. The cooling fluid may be clean
dry air (MA), argon, helium, nitrogen, hydrogen, or a mixture of these.
Though not preferred, water and oil based liquid coolant may be used as
the convective cooling fluid. Particularly, the CDA may be supplied by lab
facilities at a pressure of about 50-100 psi. The CDA may also be cooled
by a heat exchanger connected to more than one showerhead serially.
Serial cooling means that the CDA may be supplied to various
showerheads with intermediate coolin.g by the heat exchanger. For
example, the CDA may be supplied to a first showerhead, cooled by the
heat exchanger, supplied to a second showerhead, cooled by the heat
exchanger, supplied to a third showerbead, cooled by the heat exchanger,
supplied to a fourth showerhead, cooled by the heat exchanger, and
exhausted. This 20  arrangement minimizes the amount of air used and
also ensures a low temperature of the exhaust, eliminating safety hazards.
The face plate contains holes or perforations through which gas reactants
flow to the wafer. The face plate may have various configuration of hole
patterns of difference sizes. The face plate may be removably attached to
the back plate so as to facilitate cleaning or changing hole patterns. The
temperature of the face plate may be measured by a thermocouple in
physical and thermal contact with the face plate, or by other means that
are less susceptible to RI interferences, such as optical thermometry. If a
thermocouple is used, it may be connected to the face plate through a
standoff between the back plate and the face plate and through the stem.
A radio frequency (RF) filter may he electrically coupled to the
thermocouple to reduce 30or eliminate interference in the temperature
signal from the applied RF to the showerhead.  deposition. A controller
may be coupled to the thermocouple and the heater to maintain. desired
temperature at the face plate.        In another aspect, the present invention
pertains to a temperature control system for controlling one or more
sh.owerhead temperatures in a CVD chamber. The system includes a 5
CVD chamber and a cooling system. The CVD chamber includes one or
more temperature controlled showerheads. Each showerhead includes a.
stem, a back plate, a face plate, and a thermocouple for measuring the
temperature of the face plate. The stem includes a convective cooling fluid
passageway and is thermally coupled to the back plate, which is thermally
coupled to the face plate. The cooling system is connected to the
convective cooling fluid 10 passageways in each showerhead to serial
flow cooling fluid through each showerhead and through the heat
exchanger in between showerheads. The cooling system may include a
liquid cooled heat exchanger and connections to the convective cooling
fluid passageways. The temperature control system may also include a
controller coupled to the thermocouple and a heater physically attached to
the back plate. 



15The convective cooling fluid may be clean dry air (CDA), argon, helium,
nitrogen, hydrogen, or a combination of these. The convective cooling
fluid may be delivered via a fah facilities connection and may be CDA. The
CDA may be delivered at a pressure of about 50- 100 psi and ambient
temperature to the first showerhead stern. The CDA may be serially
cooled between cooling different showerheads, which may or may not be
in the same process 90 chamber on the same tool. One heat exchanger
may be used to cool showerheads in more than one chamber for more
than one tool. The CDA may be finally exhausted at ambient pressure
and/or ambient temperature after a last cooling. The liquid coolant in the
heat exchanger may be facilities water or another liquid coolant. The heat
exchanger may he a cast metal block having embedded coolant line and
convective cooling fluid lines. The cast metal material may be aluminum.
The cooling system may also include one or more bypass loops
configured to isolate one or more showerheads from the cooling system.
The cooling system may also include flow modulators, coupled to the
controller, to regulate or control the flowrate of cooling fluids into each
showerhead so as to control the amount of cooling. In some
embodiments, the CVD chamber may also include a chamber top that has
a high-emissivity 30coating. The coating may be on the inside surface of
the Chamber top and may be anodized aluminum.        In yet another
aspect, the present invention pertains to a temperature control system for
controlling CVD showerhead temperature. The system includes coaling
means thermally coupled to the showerhead; heating means thermally
coupled to the showerhead, temperature sensing means thermally
coupled a face of the sh.owerhead; RF filtering means electrically 5
coupled to the temperature sensing means and heating means; and,
controlling means for controlling temperature, The system may also
include radiative cooling means and convective cooling means.       In one
aspect, the present invention pertains to a temperature controlled CVD
showerhead that includes a stem with a convective cooling fluid
passageway, a back plate 10 thermally coupled to the stem, and a face
plate thermally coupled to the back plate. The convective cooling fluid
passageway may be designed such that cooling fluid exiting the
passageway would be at the same temperature as the showerhead. The
showed:teal apparatus may also include a temperature sensor for
measuring the exit cooling fluid temperature that is outside of the plasma
RF interference range. The temperature sensor may he a thermocouple
15 or a non-contact method for temperature measurement, based on
infra-red radiation, fluorescence or pyrometry. The back plate may be
made of aluminum or an alloy of aluminum. The external surface of the
back plate may be coated with a material to increase emissivity. The
coating may be anodized aluminum. In some embodiment, a heater may
be attached to the back plate, which ma.y be an electrical resistance
heater and may be embedded 20in the back plate. 



In another aspect, the present invention pertains to a temperature control
system for controlling showerhead temperatures in a CVD chamber. The
system ma.y include a CVD chamber with one or more temperature
controlled showerheads, a cooling system fluidly coupled to the
convective cooling fluid passageways, and a controller. Each showerhead
may include a stem having a convective fluid passageway, a back plate
thermally coupled to the stem, and a face plate thermally coupled to the
back plate. The cooling system may include inlets and outlets to the
convective cooling fluid passageways, a liquid cooled heat exchanger,
flow modulators, and a. temperature sensor thermally coupled to a
convective cooling fluid exiting the stem. The heat exchanger may remove
heat from the convective cooling fluid that flows serially through the
passageways of the one more showerneads and is intermediately cooled
by the heat exchanger. The flow modulators may control the flow rate of
the convective cooling fluid to each shoi,verhead based on information
-from the controller. The  temperature sensor may measure the
temperature of the fluid exiting a showerhead so that the controller may
determine a temperature of the face plate. The controller may be coupled
to the flow modulator and the temperature sensor so as to determine and
control the face plate. temperature. In some eases, a heater may be
attached to the back plate and coupled to the 5controller to provide
heating.        In yet another aspect, the present invention pertains to a
temperature controlled showerhead face plate for CND. The face plate
includes a substantially planar and circular front surface and back surface.
The back surface may include a number of threaded blind holes and one
or more mating features for attaching the face plate to the back plate. The
face plate 10 may also include a number of small through holes fir gas
flow from the showerhead stem to the processing area on the other side of
the face plate. The small through holes may be about 100'10,000, 2-5000,
about 3-4000, or about 200-2000 holes having a diameter of about 0.01 to
0.5 inch or about 0.04 inch and may form a pattern of non-uniform hole
density. The face plate may have a thickness of about 0.25 to 0.5 inches,
or about 0.125 to 0.5 inches, or about 0.25- 15 0.375 inches and may be
made of an aluminum, anodized or coated aluminum, or other metal that
is formulated to be high temperature, chemical and plasma resistant. A
thermocouple cOntact hole may also be included. The face plate is
configured to be removably attached to the back plate via the one or more
mating features. The mating feature may be a circumferential sidewall
above the back surface, a groove, a number of threaded blind holes,
20and a half of an interlocking jaw.        These and other features and
advantages of the invention will be described in more detail below with
reference to the associated drawings. BRIEF DESCRIPTION OF THE
DRAWINGS Figure 1 is a graph of showerhead temperatures in a four
station chamber over time. 7+Figure 2A is a graph of silicon nitride spacer
thickness deposited at various showerhead 



temperatures.        Figure 2B is a graph of film stress for silicon nitride
spacer deposited at various showerhead temperatures.      Figures 3A,
313, and 3C are cross section schematics of a temperature controlled
showerhead in accordance with various embodiments of the present
invention.       Figure 4 is a schematic of a cooling system in accordance
with an embodiment of the present invention.        Figure 5 is a schematic
of a temperature control system in accordance with an embodiment of the
present invention. Figure 6 is a schematic of one embodiment of RF filters
to reduce or eliminate RE noise.            Figure 7 is a plot of showernead
temperatures measured using a temperature controlled 10showerhead in
accordance with the present invention,       Figure RA is a Mat showing
TEOS film thickness over 100 wafers with four different starting conditions
using a standard showerhead. Figure 8B is a plot showing the TEOS film
thickness over 100 wafers with the same four starting conditions using
temperature controlled showerheads.             DETAILED DESCRIPTION
OF SPECIP C EMBODIMENTS INTRODUCTION        In the following
detailed description of the present invention, numerous specific
embodiments are set forth in order to provide a thorough understanding of
the invention. 70 However, as will be apparent to those skilled in the art,
the present invention may he practiced without these specific details or by
using alternate elements or processes. In other instances well-known
processes, procedures and components have not been described in detail
so as not to unnecessarily obscure aspects of the present invention. 



In this application, the terms "substrate" and "wafer" will be used
interchangeably. The following detailed description assumes the invention
is implemented on semiconductor processing equipment. However, the
invention is not so limited. The apparatus may be utilized to process work
pieces of various shapes, sizes, and materials. In addition to
semiconductor wafers, other work pieces that may take advantage of this
invention include various articles such as display face planes printed
circuit boards and the like.        Showerhead temperatures drift over time
and affects deposition reaction in terms of reaction rates and film
properties. Figure I is a graph of 4 showerhead temperatures over a 50
wafer run without any temperature control, i.e., no heating or cooling. Four
showerheads in a. four-station chamber are plotted over a 50 wafer run for
about 4000 seconds. The station I showerhead corresponds to line 102;
station 2 to line 1.04; station 3 to line 106; and, station 4 to line 108. As
time goes on, the temperature in stations 2-4 increases until it reaches a
steady state temperature at about 3700 seconds. The plasma condition is
plotted as a step function at line 110. Initially, the plasma remains on in a
dummy deposition mode to warm up the sh.owerheads and after about 10
minutes, the wafers processing started. In station 1, the 10 temperature
started to decrease gradually after wafer processing started because each
incoming wafer at station 1 cools the chamber components, including the
showerhcad, as the wafer warms up to the process temperature. Thus the
temperature curves in subsequent stations are progressively higher.
Station 2 showerhead is cooler than station 3 showerhead because the
.incoming wafer to station 2 is cooler than the incoming wafer to station 3.
For all stations, the 15showerhead temperature reached an equilibrium
temperature after some time.       Figure 1 shows that a wafer being
processed in a multi-station chamber would experience a different
showerhead temperature at each station. Thus when the showerhead
temperature affects the film property deposited, each layer deposited on
the wafer would have somewhat different properties. One example of a
CVD process that is sensitive to showerhead 20  temperature is the silicon
nitride spacer. Another example of a CVD process that is sensitive to
showerhead temperature is tetraethylorthosilicate (TEOS).        Figure 2A
shows the film thickness deposited under different showerhead
temperatures. All other process parameters being equal, more film is
deposited at higher showerhead temperatures. Thus the Elm thickness
deposited at the beginning of a wafer run, e.g., after some idle time or
chamber clean, would be less than the film thickness deposited after the
showerhead temperature has reached equilibrium. Depending on the film,
such thickness difference may or may not have an impact in the
performance of the final device manufactured. Figure 2B shows the
sho'verhead temperature On a silicon nitride spacer film propertyits stress.
As the showerhead temperature increases, the stress decreases.
Deposited film stress, 30 especially at the transistor level, may have a big
impact on device performance. Thus a desired stress may be achieved by
manipulating showerhcad temperature. The ability to control showerhcad
temperature would provide another process parameter with which to
achieve   desired film properties and reduce wafer-to-wafer variations
(non-uniformity) iii deposition thickness and film properties.
TEMPERATURE CONTROLLED SHOW ERHEAD 



A temperature controlled showerhead improves wafer-to-wafer uniformity
both for  5 bulk film and individual sub-layers, increases throughput by
eliminating non-processing delays, reduces particles by reducing or
eliminating thermal cycling, and adds a valuable process parameter for
fine-tuning film properties. The film wafer-to-wafer uniformity is improved
because temperature varies less over a continuous batch of wafers (both
within a batch and one batch to another and is independent of the tool
condition). This reduces  10 difference in film properties between the first
wafer in a batch when the showerheads are cold and the last wafer in a
batch when the showetheads have reached equilibrium temperature. By
controlling all showerheads in a chamber to be at the same temperature,
the film property uniformity in different sub-layers is also improved..
Non-processing time, e.g., dummy deposition time to heat the
showerhead, may be eliminated, thus increasing throughput.  15 Thermal
cycling may be reduced because the showerhead temperature may be
maintained white the station is idle or being cleaned, instead of allowing
the showerhead to cool. The reduction in thermal cycling would reduce the
effect of different thermal expansion coefficients between chamber
components and coatings on the components and thereby reduce
particles. As discussed above, for some CVD processes, desired film
properties may be achieved by  20 controlling the showerhead
temperature with other process parameters. For silicon nitride spacers
with high strnss, for example, low showerhead temperature is desirable.
There are generally two main types of CVD sho heads: the chandelier
type and the flush mount. The chandelier showerheads have a stem
attached to the top of the chamber on one end and the face plate on the
other end, resembling a chandelier. A part of the stem may protrude the
chamber top to enable connection of gas lines and RE power. The flush
mount showerheads are integrated into the top of a chamber and do not
have a stem. The present invention pertains to a temperature controlled
chandelier type showerhead.       To control temperature, heat is added or
removed based on the showerhead temperature. The showerhead
temperature increases when the plasma is on, because (1) 30charged
particles collide with the showerhead to impart energy, (2) the applied RE
energy is coupled to the showerbead, and/or (3) external heat is
intentionally added by, for example,  electrical energy from an electrical
heater. The showerhead temperature decreases when cooler material
enters the chamber, e.g., reactant gases at lower temperature or wafers at
ambient temperature, when heat is removed by conduction, e.g., heat
conduction through the showerhead stern material up to the chamber
ceiling, and by radiation from the showerhead 5 surfaces. Sonic of these
thermal events occur as a part of normal chamber operation, and others
may be used to control showerhead temperature. 



Figure 3A, 3B, and 3C are cross-section schematics of a showerhead in
accordance with various embodiments of the present invention. Referring
to Figure 3A, the showerhead 300 includes a stem 304, a back plate 306,
and a face plate 310. The stem 304 may be divided 10  into an upper and
a lower section, which may have different diameters. In one embodiment,
the upper stem has a diameter of about 1.5 to 2 inches, preferably about
1.75 inches. The lower stein diameter is about 2 to 2.5 inches, preferably
about 2.25 inches, The face plate diameter may be slightly larger and
comparable or slightly larger than the wafer size, preferably about 100%
to 125% of the wafer size. For example, for a 300mm (12 inch) processing
chamber the 15  face plate diameter may be about 13 inches or about 15
inches. The face plate and back plate may each have a thickness of about
0.25 to 0.5 inches, or about 0.125 to 0.5 inches, or about 0.25-0.375
inches. The face plate may be made of an aluminum, anodized or coated
aluminum, or other metal that is formulated to be high temperature,
chemical and plasma resistant. 20In one embodiment, the back plate is
about 0.5 inches thick, and the face plate is about three eighths of an inch.
Reactant gases are introduced through gas inlet channel 302 in the
showerhead stem 304, flow past the back plate 306 and enter the
manifold area 308 between the back plate 306 and the face plate 310.
Referring to Figure 3B, a baffle 312 distributes the gases evenly
throughout the manifold area 308. The baffle 312 may be attached to the
back plate 306 via threaded inserts or threaded holes 342 in the baffle
plate and a number of screws 344. Volume of the manifold area is defined
by the gap between the back plate and the face plate. The gap may be
about 0.5 to 1 inch, preferably about 025 inch. To maintain uniform gas
flow in the gap, the gap may be kept constant with a number of
separator/spacers 332 positioned between the back plate and the face
plate at various locations, e.g. 3, 6, or up to 10 30  locations. As shown, a
screw 338 fastens the back plate 306 through separator/spacers 332, to
the face plate at threaded blind holes 328. In other embodiments,
variously shaped spacers or bushings with or without internal threads may
be used. Although the screws shown enter the  back plate and threads
into the face plate, the reverse configuration may be used. For example,
screws may be embedded in the face plate and enters a through hole in
the back plate through a spacer. The screws may be fastened to the back
plate with nuts.       The gases enter the processing area through
perforations or holes (334) in the face plate 310 to cause a deposition on
the surface of a wafer. The through holes may be machined, milled, or
drilled. Each hole may be about 0.04 inch in diameter, or about 0.01 to 0.5
inches in diameter. Some holes may have different sizes. The number of
holes may be 10040,000, 2- 5000, about 3-4000, or about 200-2000
holes. The holes may be distributed evenly throughout the face plate in
various patterns, e.g., a honey comb pattern or increasingly larger 'circles.
it Depending on various factors including desired film uniformity, film
profile and gas flow, Inc holes may have various patterns of non-even
distribution, such as being more densely distributed in the middle of the
face plate or more densely distributed at the edge of the face plate. In one
embodiment, the holes may have a pattern of uniformly spaced circles
with the holes placed increasingly apart further away from the center.
Generally, various hole patterns 15and densities may be used.       In
some cases, the face plate 310 is removably attached to the back plate
306 so that the perforation/hole configuration may be easily changed and
the face plate cleaned. The back surface of the face plate 310 may
include mating features to attach and detach from the back plate. As
shown, the mating feature may be groove 330 and threaded blind holes
346. The 



20 groove 330 may mate onto corresponding lip on the back plate. Screw
holes 340 on the back plate or face plate are positioned circumferentially
and match holes 346. Screws attach the back plate and face plate
together. The number of circumferentially positioned screws may be more
than 4, more than 10, about 24, or up to about 50. Other mating features
for the back plate and the face plate may be used. For example, other
fastening mechanisms may include straps or clips or a simple friction
based engagement may be used where the dimensions of the face plate
closely matches those of a corresponding receptacle in the back plate. As
shown in Figure 3A, the face plate may include a circumferential sidewall
having a ledge. The back plate may be positioned on the ledge and be
attached with screws. In one embodiment, an interlocking jaw mechanism
is used where specially machined notches on the circumferential 30
sidewall edge of the back plate or face plate mate with teeth on the
counterpart. The back plate and the face plate may become attached by
friction when the showerhead is heated and the teeth and notches
expand. Such mechanism involving non-moving parts may be preferable
to  screws which must be threaded and may strip and release particles.
Yet another possible mechanism involves threads on a circumferential
sidewall of the face plate or the back plate that can screw into a respective
counterpart Regardless of the mating feature and fastening mechanism,
the back plate and face plate are attached in such way to maintain good
electrical and the' mal contact between them.        During operation, a
showerhead face plate experiences stressful conditions in the chamber.
For example, thermal stress From the temperature changes up to very
high temperatures, e.g., above 300C, can warp the back plate or the face
plate and degrade the material. Plasma during operation can erode
surface material, causing particles and weak spots. Reactants can also
corrode the face plate in a chemical attack, e.g. fluorine gas. Unwanted
deposition of reaction products or by products can clog the gas flow holes
affecting process performance, cause particles when a film builds up on
the surface, or affect plasma properties in the case of aluminum fluoride.
Cumulatively, these events may affect process performance in terms of
particles, uniformity, and plasma performance. The ability to clean or 15
replace just the faCe plate is cost effective without having to replace the
entire showerhead assembly.       Referring again to Figure 3A, a heater
314 may be thermally attached to the back plate 306. The heater 314 may
be an electrical heater and may be embedded in the back plate 306. The
heater may be attached by a vacuum brazing process. The heater coil 314
is controlled by 20 heater wires 316 that are connected to the coil through
the stem. Because the showerhead is subjected to high RF energy during
chamber operation, all or part of the heater is insulated and isolated from
the RF. The RE isolation may be accomplished through an EMI/RFI filter
or any other commercially available 1.217 isolation device In some
embodiments, the heater is not used. 25Figure 3C shows a slightly
different cross section of the showerhead to emphasize other elements. A
thermocouple 318 is in thermal contact with face plate 310 to measure the
face plate temperature. The thermocouple 318 is connected from the
upper stem through a standoff 320 between the back plate 306 and face
plate 310. At the face plate 310, the thermocouple may contact the face
plate material in. a thermocouple contact hole. Similar to the heater wire
and elements, the thermocouple is also insulated and isolated from the
RF. The RE isolation may be accomplished through an RF trap at a
frequency and an RF filter at another frequency. In other embodiments,
other temperature sensing devices may be used to measure the
temperature of the face plate. Particularly, a non-contact temperature
sensor may be used. Examples include pyromary, fluorescence-based
thermometry and infrared thermometry. 



The temperature controlled showerhead enhances heat removal by
conduction, convection and radiation. Heat is conducted away through the
showed-lead stem itself, which is connected to a chamber top. The stern
diameter may be designed to maximize conductive heat loss to the
chamber top. Heat is also removed by convection through cooling fluids
flowing in a convective cooling fluid passageway in the stem 304. The
embodiment in Figure 3B includes a cooling fluid inlet 322, into which
cooling fluids, e.g., clean dry air (CDA), argon, helium, nitrogen, hydrogen,
or a mixture of these, may be flowed. The fluid may follow a. helical path
IC down the stem. The helical path is shown in Figure 3B through
openings 324 of the convective cooling fluid passageway. The cooling
fluid may exit the stem through one or more cooling fluid exit channels
326. In one embodiment, two cooling fluid exit channels are provided.
Although the example here uses a helical passageway and two exit
channels, one skilled in the art May design another tortuous passageway
to effectively transfer heat from the showerhead to the cooling fluid.
The fluid cooling channels may be designed so that the exiting fluid is
completely heated up to the temperature of the showerhcad stem.
Because the faceplate temperature and stem temperature are correlated,
it is possible to deduce the faceplate temperature by measuring the
temperature of the exiting fluid. The exiting fluid temperature may be
measured away from 70  the electromagnetic interference caused by the
RR This design may avoid the use of a thermocouple inside the
showerhead and its associated RE filtering circuitry.        In another
scenario, the cooling fluid may further be modulated to control the amount
of cooling. A feedback loop based on the exiting fluid. temperature may
increase or decrease the flow to change the amount of cooling. This
cooling may be in addition to or instead of heat on the back plate. For less
demanding applications, the cooing alone may be used to control the
showerhead temperature; and, the heater elements and RE isolation
devices may be omitted. For more demanding application, the modulation
of cooling fluid is an additional parameter to control the showerhead
temperature.          In addition to conduction and convection, heat may
radiate away from the showerhead 30from the back plate. To improve
radiative cooling, the external surface of the back plate may be coated
with a high emissivity material. For example, the coating may be anodized
aluminum. The radiation may be absorbed by the top of the chamber. The
chamber top may also he treated with a high emissivity material to
increase radiative heat transfer. The inside surface of the chamber top
may he coated with anodized aluminum. The chamber top may be cooled
independently, e.g., with cooling water lines.       The conductive and
radiative heat removal keeps the showerhead at low enough temperatures
whereby the electrical heater can accurately heat it back. Without the heat
removal, the showerhead temperature would remain high and
uncontrollable. The heat removal creates headroom for temperature
control. In one embodiment, the heat removal keeps the showerhead
temperature below about 200C. The heater is a simple coil around the
perimeter of the back plate because most of the heat transfer between the
face and back plate is around the perimeter. Better thermal contact
between the showerhead and back plate also improves temperature
control because conductive heat transfer, and thus heat loss through the
stem, is enhanced. COOLING SYSTEM 15A cooling system connected to
one or more showerlie,ad stems cools the convective 



cooling fluid that flows through each showerhead stem. The cooling
system includes a. liquid cooled heat exchanger and connections to the
showerheads. Figure 4 is schematic of a cooling system in accordance
with one embodiment of the present invention. In this embodiment, a heat
exchanger 401 is connected to four showerheads 411, 413, 415, and 417.
The convective 20  cooling fluid flows serially through each showerhead
and a compartment of the heat exchanger 401. The convective cooling
fluid enters the system at inlet 409 where it enters the first showerhead
stem. After flowing through one showerhead, the convective cooling fluid
is cooled by a liquid coolant in the heat exchanger before flowing through
the next showerhea.d. After the last cooling through a last compartment in
the heat exchanger, the convective cooling 25  fluid is exhausted from the
cooling system at outlet 411. The convective cooling fluid may be clean
dry air (CPA), argon, helium, nitrogen, hydrogen, or a combination of one
or more of these. In one embodiment, the convective cooling fluid is
facilities provided CDA at a facilities pressure. A different flow rate may be
required for different facilities pressures. For example, at facilities
pressure of 80 psi, 100 standard liters per minute (sum) of CDA may be
30used. The exhaust may be at about or slightly above ambient
temperature and pressure. Although an open system is shown where the
convective cooling fluid does not return to the  system, the concept of
serial flow through the showerhead and intermediate cooling through one
heat exchanger also may be implemented with a closed system.       In
some embodiments, exiting cooling fluid temperature from the
showerhead is measured and used to determine the showerbead
temperature. Temperature sensor 441, 443,  5 445, and 447 may be
thermally coupled to the exiting cooling fluid and yet be outside the range
of RF interference. This configuration would eliminate the need for an RF
filtering device. As discussed above, the convective cooling passageways
may he designed so that the exiting coolin.g fluid temperature is the same
as that of the showerhead stem, One skilled in the art would Men be able
to devise algorithms to correlate measured exiting fluid temperatures to
JOshowerhead temperatures knowing thermal properties of the various
components.        In certain embodiments, the showerhead may not
include a heater attached to the back plate. The shovverhead temperature
increases during processing, preheating, and remote plasma cleaning. In
these embodiments, active cooling from the cooing fluid may be used to
control showerhead temperature. Control valves 421, 423, 425, and 427
controls the flow of cooling fluids to the showerhead based on input from
the controller. The cooling fluid either flows to the showerhead stem or is
diverted in a by-pass loop 431, 433, 435, or 437. More or less cooling may
he accomplished based on the flow of cooling fluids to the showerhead.
An active cooling only design may be appropriate in certain less
demanding applications where the range of acceptable showerhead
temperatures is larger, in these embodiments, the showerheacl  20
temperature may be determined based 011 the exit cooling fluid
temperature or be measured at the showerhead through a contact
thermocouple or through a non-contact thermal sensing means. 



In one embodiment, four showerheads and four compartments are shown
in Figure 4, but the cooling system may be designed with another number
of showcrheads and compartments. In some cases, the cooling system
may serve to cool the showerheads for more than one semiconductor
processing tool. If each semiconductor processing tool has one
multi-station chamber with four stations each, a cooling system having 8
compartments connecting to 8 showerheads may be designed to serve 2
tools. Some semiconductor processing tools may have more than one
muhistation chamber. In that case a cooling system may be designed to
30 serve all the showerheads in more than one chamber on a single tool.
If a four compartment heat exchanger is used on a tool having more than
one four-station chamber, more than one heat exchanger per tool may be
used.       In some cases one or more of the showerhead may be
bypassed for convective cooling fluid flow altogether. Thus each
showerhead connection may also include a bypass loop with
corresponding valves. For certain processes, not every station may be
configured to deposit material onto the wafer or require a temperature
controlled showerhead. In that case the bypass loop may be used at
station 4.       The liquid coolant for the heat exchanger 401 enters the
system at inlet 405 and follows a coolant path 403 before it exits the
system at outlet 407. Although only one loop is shown for coolant path
403. the coolant path may consist of many loops depending on the
diameter of the coolant path, heat transfer required, the coolant
temperature at the inlet, and any coolant temperature requirements at the
exit. The liquid coolant may be water or any other type of known liquid
coolant, e.g., Freon. In one embodiment, the liquid coolant is facilities
delivered water. After exiting the heat exchanger, the liquid coolant may or
may not be treated further before being released, for example, into the
drain. For example, the facilities delivered water as the liquid coolant may
be exhausted directly. However, if other liquid coolant is used, the
15coolant may be compressed and recirculated back into the heat
exchanger, creating a closed- loop coolant system.       Different designs
of the heat exchanger 401 may be utilized. Figure 4 shows a cross-flow
heat exchanger where the currents run approximately perpendicular to
each other. However, counter-flow or parallel-flow heat exchangers may
be used. One skilled in the an 20 would be able to design a heat
exchanger with enough surface area to cause desired heat transfer. In
certain embodiments, the heat exchanger 401 may be a east metal
enclosing the liquid coolant and convective cooling fluid piping. The metal
may be aluminum or other metal with desired heat transfer characteristics.
The cast metal design allows for a compact heat exchanger with little
footprint or space requirement. TEMPERATURE CONTROL. SYSTEM
The show'rhead t....naperature control system includes one or more
sbovverheads, the cooling system, and controllers for controlling the
temperature of each showerhead. Figure 5 depicts the major components
of the temperature control system as it relates to one showerhead. Note
that showerhead graphic in this figure includes the attachment parts to the
30chamber top. Convective cooling fluid flows from component 502 into
the showethead stem 



where it is heated in the process of cooling the showerhead, and exits to
the heat exchanger   506. in some embodiments, the cooling fluid flow into
the showerhead is modulated by a control valve or other flow modulator
522. By modulating the flow, the cooling provided by the cooling fluid may
be increased or decreased.       From the heat exchanger 506, as
discussed above, the convective cooling fluid may be flowed to another
component, such as 504. If the .showerhea.d is configured as the first
station in a chamber, then component 502 may be the facilities air and
component 504 may be another showerhead, such as station show:Mead.
If the showerhead is not configured as the first station, then component
502 and 506 may be the same component, the liquid cooled heat
exchanger as discussed above. Note that this cooling loop may not have a
feed back loop to where more or less cooling may be adjusted. The simple
design merely cools the showerhead enough such that the electric heater
518 may accurately heat the showerhead to a certain temperature.
Thermocouple 510 is in physical contact with the face plate, as discussed
above. Thennocouple 510 is connected to a RE isolation device 512 to
remove the effect of RE 15 applied on the showerhead as an electrode
from the thermocouple signal. Typically, the RE applied in a PECVD has
two frequency components, a high frequency (e.g., 13.56 MHz) trap and a
low frequency (e.2.; 400 kHz). The RE isolation device may include one or
more filters. in one embodiment, the RE isolation device includes a high
frequency and a low frequency filter. Without RE isolation, it is believed
that the thermocouple measurement would not be useful because the RE
interference would be too great.        A schematic. of a possible
configuration of the RE isolation device is shown in Figure 6. The
thermocouple 510/601 is surrounded by a stainless steel sheath. This
sheath is wound. to a coil 603 in parallel to a capacitor 605. The coil as an
inductor and the capacitor forms a tank circuit which blocks the 13.56MHz
signal. The coil may have an inductance of about 1 microhenry, and
capacitor 605 may have a capacitance of about 85 pf (picofarads).
Remaining 13.561\4112 RE is shorted to ground 609 with the second
capacitor 607, which may have a capacitance of about 10000pf Trapping
the high frequency with the sheath also blocks the RE in the thermocouple
wires embedded in this sheath. The 400kHz frequency is not blocked by
the 603/605 filter and due to its lower frequency not shorted to ground by
the capacitor 607. So 30at the end of the 13.56M1-iz filter there is still
400kHz noise that is subsequently filtered out by the low frequency filter
611. In one design, the low frequency filter may be a two-stage low  pass
filter. Both stages may be a LC design similar to the high frequency filter.
Please note that the low frequency filter may be connected directly to the
thermocouple wires, but the high frequency filter may be connected to the
sheath:only. 



Referring again to Figure 5 the heater element 518 is connected to its RP
isolation 5 device 508. Rh isolation device 508 may be an RE filter or
other available device to isolate the heater electrical signals from the
effects of the RF applied. The. temperature controller 516 reads the
temperature information from the thermocouple 510 through the isolation
device 512, and adjusts input to the heater 518 through the RE isolation
device 508 in a feed back loop. In another embodiment, the exit cooling
fluid temperature may be measured by a 1.0 temperature sensing device
520 that is outside of the range of RF interference. In this embodiment, no
RE filter is required for the temperature sensing device 520. The controller
may correlate the exit cooling fluid temperature to a showerhead
temperature.       The temperature controller 516 may also takes feed
forward information from component 514. The feed forward infoimation
may be that the time period until the plasma 15 turns on. In some cases
the feed forward information may also include other predictable events
that affect the showerhead temperature such as wafer processing with
cold wafers, gas flow into the showerhead. The controller may increase
the heater input in anticipation of a cooling event, e.g., chamber purge, or
decrease the heater input in anticipation of a heating event, e.g., plasma
"on." The controller may also increase the cooling by increasing cooling
fluid flow in anticipation of a heating event or decrease the cooling by
decreasing cooling fluid flow in anticipation of a cooling event.        Various
combinations of the input and output components may he used in different
controlling schemes. For example, active cooling (modulating cooling fluid
flow) may be used with active heating (heater in the back plate) to
accurately control showerhead temperature, 25 The showerheacl
temperature may be measured directly from a thermocouple attached to
the face plate, or deteimined indirectly from the exiting cooling fluid
temperature. In some cases, only activc cooling or only active heating
may be included in the control system. Still other inputs may be included,
such as temperatme sensing of the cooling fluid at the inlet to accurately
determine the heat removed from the showerhead.        In certain
embodiments, the temperature controller may be integrated with the
system controller. In those cases component 514 would not be separated
from controller 516. EXPERIMENTAL A showerhead temperature control
system was implemented in accordance with the 



5 present invention. The control system implemented included the
temperature controlled showerheads as discussed above and a controller
that uses only feed back (thermocouple only) input. The showerhead
temperatures for a four-station chamber were measured over a 50 wafer
run and plotted in Figure 7. Temperatures for each showerhead, four in
all, are plotted on separate curves. The set point was 260 t. Temperature
measured for station 1 is noted as 10  line 701. Temperature measured
for stations 2-4 are very close to each other and noted as lines 703. Just
like Figure 1, the plasma condition is plotted also as a step function at
705.      The difference in showerhead temperatures as compared to
Figure 1 where the heater is off and temperature is not controlled is
dramatic. During the dummy deposition up to about 1800 seconds, the
showerhead temperature. behaved similar to that of Figure 1 The 15
temperatures quickly stabilized after wafer deposition started, at about
time 1800 seconds. At least for showerheads in stations 2-4, the
temperature stabilized much sooner. Station 1 temperature 701. trended
downwards for a period of about 500 seconds: down to about 256 C., but
recovered and remained at the set point during remaining of the wafer
processing.       The data shows that with the temperature control scheme,
showerhead temperatures may be controlled to without about 4 within a
50 wafer batch. Because the data was generated without using feed
forward control, implementation including feed forward control may
improve the responseto even less than about 4 IV.       In another test,
wafer-to-wafer results of deposition rate for Tetraethylorthosiiicate (TEOS)
deposition were studied using a standard showerhead and a temperature
controlled 25 showerhead in accordance with the present invention. The
standard showerhead does not include the temperature controlled
features of the present invention. It does not include the cooling
mechanisms or the heater. In order to test the responsiveness of the
temperature controlled showerhead to changing conditions, 100 wafers
were deposited with each showerhead under four conditions. Before each
condition, the process chamber was subjected 30to a remote plasma
clean (RPC) where a plasma is ignited from gases fed into a chamber that
is located remotely from the processing chamber. Plasma-activated
species from the RPC  chamber then flow through a delivery line towards
the processing chamber, Thus a RPC was conducted before wafers 1, 26,
51, and 76. In the first condition, TEOS was deposited for 12 seconds per
wafer and thickness deposited were measured, In the second condition,
after the RPC the showerhead was cooled with nitrogen gas from the
reactant channel for 20 minutes, It 5is estimated that in the standard
showerhead, after about 20 minutes of forced cooling with 



nitrogen gas the showerhead temperature reached about 240C In the third
condition, the process chamber was idled overnight after the RPC. During
this idle, the pedestal remains heated to about 350C, so that in the
standard showerhead over this duration the showerhead equilibrated to a
temperature less than 350C. In the fourth condition, after the RPC the 10
showerhead was heated with a high power plasma for 20 minutes.
Nitrogen is used to generate this plasma at a flowrate of about 10 slim
The chamber pressure was maintained at about 2.5 Tor and the high
frequency power at about 1500 watts.       Figure SA and 8B are plots of
the thickness deposited in angstroms for each wafer measured. Six
wafers were measured for each condition. Regions 801 correspond to the
first condition, discussed above. After the RPC, the showerhead
temperatures are elevated because exothermic reactions released energy
at the showerhead surface. The standard showerhead remained hotter for
longer without additional cooling that is posSible in the temperature
controlled showed-lead, as shown by the thickness data. Note that TEOS
deposition rate is higher at higher showerhead temperatures. After a few
wafers, depositions at both the standard 20 showerhead and the
temperature controlled showerhead decreased, then slowly increased.
The temperature controlled showerhead maintained a relatively stable
deposition rate, but the deposition rate started to decrease again for the
standard showerhead, It is believed that the second decrease in the
standard showerheaci station is attributed to the effect of cold wafers
entering the station, much like the temperature decrease shown on curve
102 of Figure 1. The 25 data shows that after a RPC sequence, the
temperature controlled showerhead was able to equilibrate to a constant
temperature, and hence a deposition rate, faster than the standard
showerhead.        Regions 802 correspond to the second condition. After
the RPC sequence the process chamber was cooled with nitrogen. In this
region the deposition with temperature controlled 30 showoff-lead was
affected less initially-there was less of a drop in deposition thickness than
the standard showethead. Regions 803 correspond to the third condition.
After overnight idling, the deposition with the temperature controlled
showerhead had the same characteristics  as that after a RPC sequence.
The deposition dips initially and regained relatively constant value. The
deposition with the standard showerbead decreased over the initial wafers
and also maintained a relatively constant value. Note that although the
deposition parameters are the same, the standard showerhead
maintained a lower deposition rate in region 803 than all the 5 other
regions. Lastly, regions 804 correspond to the fourth condition. High
energy plasma after the RPC sequence heated the showerhead to a
higher temperature than RPC alone. In the standard showerhcad, the
highest deposition rates were recorded in region 4. After an initial dip in
deposition, the thickness appeared to equilibrate at a higher value. in the
temperature controlled showerhead, the high energy plasma. appeared
not to affect the deposition, save operhaps for the very first wafer.
Overall, the range of thicknesses measured for the standard showerhcad
was about 37 angstroms and for the temperature. controlled showerhead,
only about 13 angstroms. The wafer-to-wafer non-uniformity for the
deposition was 3.7% for the standard showerhead and 1.3% for the
temperature controlled showerhead. The better wafer-to-wafer uniformity
for the temperature controlled showerhead is a 66% improvement over
that of the standard showerhead. 



Although various details have been omitted for clarity's sake, various
design alternatives may be implemented. Therefore, the present examples
are to be considered as illustrative and not restrictive, and the invention is
not to be limited to the details given herein: 20but may be modified within
the scope of the appended claims.  MCSLL P CLAIMS What is claimed is:
51.A temperature controlled chandelier-type showerhead for chemical
vapor deposition (CVD), the showerhead comprising: (a) a stem
comprising a convective cooling fluid passageway, a gas delivery
passageway, a first end, and a second end opposite the first end, wherein
the first end is configured for attachment to a 10 chamber, wherein the
convective cooling fluid passageway enters and exits the stem at the first
end, and wherein the gas delivery passageway enters the stem at the first
end and exits the stem at the second end; (b) a back plate thermally
coupled to the stem at the second end; 15(c)a heater physically attached
to the back plate; 



(d) a face plate thermally coupled to the back plate; and (e) a temperature
sensor for measuring a temperature of the face plate. 202.The
chandelier-type showerhead of claim 1, further comprising a radio
frequency (RF) filter electrically coupled to the temperature sensor,
wherein the temperature sensor is a thermocouple physically attached to
the face plate, wherein the temperature sensor is electrically connected to
a cable routed from the first end to the second end, and wherein the cable
is routed within a sheath 25between the first end and the second end.
3.The chandelier-type showerhead of claim 1, further comprising an RF
filter electrically coupled to the heater. 304.The chandelier-type
showerhead of claims 1, 12, or 15, wherein an external surface of the
back plate comprises an anodized aluminum coating.  5.The
chandelier-type showerhead of claims 1, 12, or 15, wherein the heater is
embedded in the back plate. 



56.The chandelier-type showerhead of claims 1, 12, or 15, wherein the
face plate is removably attached to the back plate. 7.The chandelier-type
showerhead of claims 1, 12, or 15, wherein the stem has a diameter of
between about 1.5 to 2.5 inches. 10 8. The chandelier-type showerhead of
claims 1, 12, or 15, wherein the face plate and the back plate each have a
thickness of about 0.25 to 0.5 inches. 9. The chandelier-type showerhead
of claims 1, 12, or 15, wherein a gap 15between the back plate and the
face plate is about 0.5-1 inch.  10. The chandelier-type showerhead of
claims 1, 12, or 15, wherein the face plate has a diameter of about 13
inches. 2011.The chandelier-type showerhead of claim 2, further
comprising a standoff 



between the back plate and the face plate through which the
thermocouple is attached to the face plate. 12.A temperature controlled
chandelier-type showerhead for chemical vapor 25deposition (CVD), the
showerhead comprising: (a)a stem comprising a convective cooling fluid
passageway, a gas delivery passageway, a first end, and a second end
opposite the first end, wherein the first end is configured for attachment to
a chamber, wherein the convective cooling fluid passageway enters
30and exits the stem at the first end, and wherein the gas delivery
MCSI1P passageway enters the stem at the first end and exits the stem at
the second end; (b) a back plate thermally coupled to the stem at the
second end; and 



(c) a face plate thermally coupled to the back plate; and 5(d)a temperature
controller configured to:        i) receive feed-forward information,        ii)
decrease flow of convective cooling fluid through the convective cooling
fluid passageway in response to the feed-forward information indicating
that a heating event is anticipated, 10and Hi)increase flow of the
convective cooling fluid through the convective cooling fluid passageway
in response to the feed-forward information indicating that a cooling event
is anticipated, wherein the convective cooling fluid passageway is
configured such that an exiting cooling fluid temperature is the same as
the stem temperature.  13. The chandelier-type showerhead of claim 12,
further comprising a temperature sensor configured to measure the
temperature of the convective cooling fluid. zo  14. The chandelier-type
showerhead of claim 1, 12 or 15, wherein the stem has a diameter of
between about 1.5 to 2.75 inches, the face plate and the back plate have
a thickness of about 0.25 to 0.5 inches, the gap between the back plate
and the face plate is about 0.5-1 inch, and the face plate has a diameter of



25about 13 to 15 inches.  15. A chandelier-type showerhead for chemical
vapor deposition (CVD), the showerhead comprising:          a stem
comprising a convective cooling fluid passageway, a gas delivery
30passageway, a first end, and a second end opposite the first end,
wherein the first end is configured for attachment to a chamber, wherein
the convective  MC8LLP cooling fluid passageway enters and exits the
stem at the first end, and wherein the gas delivery passageway enters the
stem at the first end and exits the stem at the second end; a back plate
thermally coupled to the stem at the second end; 5a
temperature-controlled face plate for vapor deposition (CVD) thermally
coupled to the back plate, wherein the face plate comprises: (a) a
substantially planar and circular front surface;    (b) a substantially planar
and circular back surface comprising a plurality of threaded blind holes
and one or more mating features 



10for mating the face plate to the back plate; and    (c) a plurality of small
through-holes for gas flow,       wherein the face plate is configured to be
removably attached to the back plate via the mating feature and wherein
the face plate material is a chemical-and plasma-resistant aluminum alloy.
15  16. The chandelier-type showerhead of claim 15, wherein the mating
feature comprises a circumferential sidewall.  17. The chandelier-type
showerhead of claim 15, wherein the mating feature 20comprises a
bottom half of an interlocking jaw.  18. The chandelier-type showerhead of
claim 15, wherein the plurality of small through-holes is 100 to 10,000
through-holes. 2519.The chandelier-type showerhead of claim 15, wherein
the plurality of small-through holes is 3000-4000 through holes. 20.The
chandelier-type showerhead of claim 18, wherein the plurality of small
through-holes form a pattern of non-uniform hole density. 



30   21. The chandelier-type showerhead of claim 15, wherein the holes in
the plurality of small through holes have a diameter of about 0.01 to 0.5
inches.  22. The chandelier-type showerhead of claim 15, wherein the
thickness of 5the face plate is about 0.125 to 0.5 inches.  23. The
chandelier-type showerhead of claim 15, further comprising a
thermocouple contact hole. ao24.The chandelier-type showerhead of
claim 15, further comprising a plurality of spacers, each spacer coupled to
a threaded blind hole in the plurality of threaded blind holes.  25. The
chandelier-type showerhead of claims 1, 12, or 15, the stem further
15comprising a central core and an outer sleave. 



26. The chandelier-type showerhead of claim 25, wherein the outer sleeve
contacts the central core along an exterior surface region of the central
core, wherein the convective cooling fluid passageway comprises a
channel in the 20exterior surface region of the central core.  27. The
chandelier-type showerhead of claim 26, wherein the channel is a helical
channel wrapped around the central core. 25 28.The chandelier-type
showerhead of claim 26, wherein the convective cooling fluid passageway
further comprises a conduit located within the central core, and wherein
the conduit and the channel are fluidly connected at the second end.
3029.The chandelier-type showerhead of claim 26, wherein the gas
delivery passageway further comprises tubing routed through the central
core.   30. The chandelier-type showerhead of claim 29, wherein the
convective cooling fluid passageway further comprises a conduit located
within the central core, and wherein the conduit and the channel are fluidly
connected at the 5second end by an annular volume, wherein the interior
diameter of the annular 



volume is defined by an outer surface of the tubing.  31. The
chandelier-type showerhead of claim 26, wherein the channel has a
substantially rectangular cross-section. 10  32. The chandelier-type
showerhead of claim 2, wherein the sheath is stainless steel.  33. The
chandelier-type showerhead of claim 2, wherein the sheath is
15electrically connected in parallel with an inductive coil and a capacitor.
34. The chandelier-type showerhead of claim 33, wherein the capacitor
has a capacitance of approximately 85 picofarads and wherein the
inductive coil has an inductance of approximately 1 microhenry. 20  35.
The chandelier-type showerhead of claim 1, wherein the temperature
sensor is a pyrometer, fluorescence-based thermometer, or infra-red
thermometer. 2536.The chandelier-type showerhead of claim 12, wherein
the temperature controller is further configured to:        iv) decrease heat
produced by the heater in response to the feed-forward information
indicating that a cooling event is anticipated, and 



v) increase heat produced by the heater in response to the feed-
30forward information indicating that a heating event is anticipated.   37.
The chandelier-type showerhead of claim 12, wherein the feed-forward
information is a time period before a plasma is activated.  38. The
chandelier-type showerhead of claim 12, wherein the feed-forward
5information indicates a chamber purge. 


