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are used to process substrates by techni ques including
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include at | east one gas
plate may also be provided in the apparatus to control the temperature of the

showerhead electrode or cooperate with the heater to maintain a
20 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

25 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

30 path between the top wall of the vacuum chamber and the second portion of
the RF distribution member to the showerhead electrode. In another



passage supplying process gas to the showerhead
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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.



FIG 8 illustrates the effect of showerhead el ectrode

tenperatures on an exenpl ary photoresist etch rate
wasP1e6CAF6/ Q2 etch gas. FIGS. 9a-d are PCT/US2005/012210

phot om crographs taken at 80, 000x magnification of a

patterned photoresist. FIGS. 10 and 11 illustrate

preferred enbodi nents of a gas-8istribution nenber.

FIG 12 illustrates a preferred enbodi ment of
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Phpkde88ingtresults 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 100°C 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



selectivity. In light of the fluctuation in
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mai ntain the center and edge portion of RF powered

shower head el ectrode within a desired tenperature
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substraLg ort 300 therein, the upper showerhead
a:PdS

el ectro exied anbo@umt;aplasma processing apparatus includes
the heater, a temperature controlled heat sink and a showerhead electrode,
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
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
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



support 300 being separated by the gap 400 within
whi ch a substrate isprocessed. The upper shower head
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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
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
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



thernal [y connected to the upper showerhead el ectrode

200. For exanple, as illustrated in Figure 1, the
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an edge portion of the upper showerhead el ectrode 200.
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EP?CL: glfg@g %ﬁbgq%yéf@;c?q%%@ﬂgr 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 fiuid 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



the tenperature of the fluid can optionally be raised
or lowered and/or the flowrate of the fluid can be
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tenperature controller 900. Additionally, as

illustrated in Figure 1, upper electrical insulators
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to distribute RF power
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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
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
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



backsi de of the upper showerhead el ectrode 200. The
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or nore plenuns between the plate 505 and the upper

shower head el ectrode 200. As such, both RF power and

process gas are supplied to the8upper showerhead

el ectrode 200 through the gas distribution nenber 500.
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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.
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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
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
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
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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
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sane dti aneter as the gas distribution ne
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
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
member 220 to the gas distribution member 500, where the gas distribution

member 500 supports the backing member 220 and the upper showerhead



I'n this enbodi ment, the contact area is from15 to 20%
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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 47, the second ring has an inner diameter of 10.5” and an outer diameter
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.

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,



conductivity, where the contact area between the
thermal chokes 750 and the heater 700 can range from

wa2065011680% of the area of the heater, e.g., 1PCOD/US2405812210
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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
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
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.
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is,desirable to provide an oXi

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.

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 C4Fs/O, 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 20°C to 80°C and the
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 20°C, to a negative etch rate (.e., polymer buildup)



etching process that is selective to photoresist, does
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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
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
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



increase in tenperature to 105C and 130C, o
respectively, and al so show a decrease in striations
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to increased upper showerhead el ectrode tenperature.
Thus, an upper showerhead el ectrode with an el evated
tenperature can lead to a reductg-on in the striations
formed in a PR during plasnma etch:tng. A. Hﬁat?r The
heater 700 may include any type of active heater.

pr e8P A1 Statenel eaiingrthrmgh centudiing tenpaweér gptie 2801 For

' heat | | ement ,, where the )
oL SERBIoC A MOPAR SRS B S a0, st 10 o
uni t2secdrenpilsg oybieshte m@RRln ahﬁv&mﬁﬁfén%&%gjr%% P Lxample,
Al t heat er confi quratl on nmay be used, a
r es%#ﬁ%c&? &atd Sy 180 el 207C cHABICrifat 1407 Gpi146°@ to 160°C, or

' [ referr r he
S e b P ot Bt ShANBLHAE RalaRt 200" ucn

as al umi Therheaber Z001is prafeedbipin th@Fmbh@or?tblﬁe(’i.eV‘ﬂ ﬁz‘neiafer

Wh
ed to a shape conpatible with t

T e e
he aﬁ%riﬁﬁocé?rﬁﬁ? iirﬂ%?d&%daﬁet\llvgéﬁ th ﬂ%a{ﬁ? 3@3@8 %&3 g%?tej \?{Eh the

elenment in a plate of a cast alum _
t o tap prase S00editle presttiteranined tesrhes iMBHaps Prosatebedhese

t t ntroll er 900 operates the power
108 e P iBa%a i Snsrton allew Tootheheateneh troommbiin

er _cycletine
oGO TETRRICH WILR 180 RJ Pt 808 e Bibefbt I e iiaer
sugpPyepsmd electreda@ple It ia rfm«ﬁm G'E)at'tﬂ@ llwgaferbﬁaggmﬁlrt?gused as
i 1 secon
o BHB 91 Moty o ta "Riodeitsiah ioemfhe dtnavshowerhona electrode

7001 t Q
801 ot 0000y S RS g

15 sh&@Br Héwcheatec 700 day2aleo berattduhatido tHO8op plaps SDEwA Y

20

25

30

colt IR RGP PEE Sl Form lfogihrghamibesitanioh openings (not
coskoweh) ingtheebe btk BovAH Sidler Adret Q%Sgléi?%‘ﬁﬁetgosyﬁ%opﬁhe
heater and the top plate) with the top plrate
pr B88%€ErRPned thermal interface properties. These
The heater 700 may also be activated during plasma processing of
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
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
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



thermal interface properties allow for the heater 700
to control, in conbination with the top plate 800, the
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is noted that the heater may al so be used as part of a
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20 plate 800. For example, as |Ilustrated 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
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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
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,



heater 700 and the top plate 800 can be used to

achieve and naintain a threshold tenperature of the
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of an initial wafer of a production run or maintain a
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20 i nkedating 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®, 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



and nore preferably about 0.03 inch. The lubricating

material 760 is preferably a ring shaped gasket
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700 and a thernal choke 750, and/or a thermal choke
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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.



of the top plate 800 inside the chamber. The top plate
800 i ncludes one or nore flow passages through which a
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tenperature-controlled fluid is preferably a heat
transfer fluid (liquid or gas), such as, for exanple,
dei oni zed water. Additionally-2Che top plate 800
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menber 500 | ocated above and in uld comuni cati o

wi extenging giedrisaldvulr hed.dvkerechoth dre poeferabily readdbyaluminum

bY aH§ '8 cBIxHRP Gligned at a contact area 170, so that gas provided to the
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
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,
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.
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bei ng processed. Mreover, the gas distribution nmenber
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baffles to control the gas flow. See, for exanple,
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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



upper shower head el ectrode 200, e.g., RF power from an

RF generator can be supplied via a cable attached to
wanofA1izwput connecti on on the hub 508 so that PRFUS2MSN012210

may be supplied through the axially extendi ng hub 508,

the netal plate 505 and across the upper showerhead

el ectrode 200. In a preferred-@fodi nent, the netal

plate 505 i ncludes cross-bores through its bulk in

order to forman annular distribution conduits 151,
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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.



barrier 180, as illustrated in Figure 10, between the
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establish plenuns between the netal plate 505 and the
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10700§ot0meb@10theﬁ aPedecibBLinetAdditg REtusBHaE

I
g{t act with the u%@er shower head el ectrgﬂ @%%HEH'%

siepersippare dhe elis axel used ta atiaeh 2ach chthebeornpahents within

. o iR SRERRRAEL 0, FTHIERY. bl ShrarRES foaeniestars vsed to
upmmpsﬂymehaﬂwoefrecagpmtugomo Bé&mélﬂéé‘ kRt 8R%NES

refer sized to substantially f a region
Eet%@ﬁ“— e s r@ipaqeinaﬁnt.Qi@onmﬂﬁ@ntwah@rtbetap@amseuoo.

' d
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r egleniranfe zcmswmo@eattmtb@gas WiSTEHIRIN BRPbATBIRVEY bolts
thelnsulﬁtor 600 is nost preferably shaped to

el SESFNGANQHGN gioee it hbuiean@mbetsdm miothreaded openings or

oo PUE B ateser e Sk OReg B Sygen

el &mris @dtaghed imthe insulatard@@abyebolts passing through the insulator
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
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
period from than first subassembly, i.e., the first subassembly can be

replaced while the second subassembly remains in the apparatus.



el ectrically conductive RF supply path, such as the
gas distribution nenber 500. Additionally, the
woneosliater is preferably sized to provide a PCT/US2005/012210
predeterm ned | evel of electrical insulation for
predet erm ned power |evels. For exanple, an insul ator
| ayer 600 provided in a 2300 BE@fan(tm plasma
chanber, manufactured by Lam Research Corporation, the
assi gnee of the present application, can be sized to a
t hi cknesAddiioneli as. mentoriedabensh a brieaiirigfreiteddlys Preterably

SR ety fim ool e BRR helidsn pPeussd trfeses of various

Conwnpoméntefof&h‘@aﬁp@@’t@ 480 w&iniﬁﬁﬁé@gain@! fasteners
are enployed to hold the conponents I 0 place relative

to one aRtfer@bly, Psdiustesiey imEigare 48| the finstsuisassensbly HE00
eal, ~f t bol d
S HES bohE0 kg BORLE LR e kel 200
10Cthe Ryasf disiaiblgion wwns@rpm@teﬁmswﬁssgmrifsﬁeﬁr@eﬁéeg%s
to sinplify assenbly of the apparatus 100, as I" =as
to ‘ﬁ%@BPil?%{f@mh@r Hﬁ@ﬁﬁ&'@u&i@r 6| Rughenthesecond
' i . I
Conmpasskanl {100 pEraPRE S i ad i 5halh 815 e
20B00stosthedbaraialtahokbe 760sardi Isdits H10 WAICHRERST tr@%ggﬂate 800
10-b0|tt% gﬁsstfg%obh&ﬁrq%h t he g[as di stri bution menber 0
i nt!® e b gativaly ttheeralehakesai0scambe beolted by bolts
b ' f Whi '
L & e send AR eIl S R AL o Bt e g plate
t hiB®0dgh the insul ator 600 into threaded openi ngs or
t hread [ ts | he, backsi de of th
i st 1 bR PO CHRTRSLFERGIMeH, SF dussteted dringuiee 12 eberuarts of the
: h
subanasshiied 1600 NIOMhcRBR/ESEABR %6 {cﬁ:%ltécg%n %t‘,%B{)%S

top plate 800 by ts passing throu
15 80@PERINgstin lewelesLrtauesi ofdise parts Ho eddwddltssash DvieRyingDarts to

ba ' f.the thermal chokes 750 and the top plate
sog’guéé ‘i’f?rgﬁga@"gee{? E‘Qﬁﬂ%e%ﬂfg&" 929 INig “B%?QS&GMSO Retaisigbsuch

0P E4HtBFSrsHret i LB di Si fa the .. ,
e oD B o R et 0 P apbliation seria
t 0 NOn d 0456940, Shb andiearsulyjebymbtiet of whishiis hietdtsyoingbrpdisted by
toPefBPeaﬁc% 800 and the heater 700 into threaded

openi'ngs”or threaded inserts in the backside of the

20 i nsul at gvhile 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.



600. In general, the second subassenbly is intended to
be used for a longer period fromthan first

weunbsssexsbl y, i.e., the first subassenbly can BeT/US2005/012210

repl aced while the second subassenbly remains in the
apparatus. Addi tionally, as nentioned above, a

| ubricating material is prefer-#8y provided in vacuum
seal abl e regi ons between opposed surfaces of various
co nents of the apparatus 100 to m nim ze galling.
Pr eVHARI$ CLAIMEDUSt rated in Figure 12, the first
subassenbly 1000 i ncludes bolts 225, which fasten the
upper shower head el ectrode 200 into the gas

di stributjon AesHosverh848d e@&o@@'és%eﬂfﬁ%ﬁfdaméﬁﬁ?ﬁ ni ng
the gas distribution menber 500 into the insulator
600. Fur%ﬁEPYVef%a%@l@@Had@ @oaptashiol he moonted kf am atibyor of a

% ho 4R ERatper Al R ehed BRisalie' S <l kF Bt e

top pl ataradio fteguehey l(RE) distrififfionAhtgiberbittuehdd to the
750 can be bolted by bolts 950 to the

th | ch

hegéfg}awefgegéeﬁ?‘%ﬁtr Qds. Méereinghe i diskiibviiondnember tudas a first
th 0 f d b

1o RBbocRexto By IR0 S o @HiFE g TmpBRature controlled
subapseatbof the vEGOOM didifbénehddre RIS tistiiiodtAeh®efifiuding a

in stepped eni ngs,.in |lower surfaces of the parts to
10,3591 R on gilenging isrgllpaverthe sheuashead elgptrode, and

| i oo : _ i
of 'SoTIrtRs FE, 280 LINARPIY Aftabifion @ Ut e dRyPiBac
U. Sle¢iadai@ndppl i cati on Serial No. 10/ 623,540, the

ont 1 Syl IR oGl Mch A, e g Lpcoiserates
I N gepadd td/\pr*dwllclfeeﬁtelé%@& pbRiohRTH h'e?m%gglgﬁ lg%ﬂ{e%nttng top wall

thereof, it w e apparent to those
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ma egui val ent s | oyed, wi thout departing from
thgﬁ%@gggt%& t%@@%b@ﬂ@ggec%gﬁns. WHAT |'S CLAIMED | S:
1. A showerhead el ectrode assenbly, conprising: a

shower head el ectrode adapted to be nmounted in an
i nteri o2 -of dheashawerbradieiectiade assemidy obglairadi, avherein the

SRS o e AR SR oty

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.



shower head el ectrode, wherein the RF distribution
menber includes a first portion adapted to extend

weaxb@liyyeérnt o an opening in a tenperature cont POTIUS2005/012210

top wall of the vacuum chanber, and the RF

di stribution nmenber including a second portion

extending laterally over the si8werhead el ectrode, and
providing a RF path to nmultiple contact points across

the showerhead el ectrode; and a thermal path nmenber

att ached®t o t hBe Rhowesheadbelectndemssembindr cdiapBedhbesin the

pr oy ' t hernal path between
PhedesemBil mAReH odtnBlies S Bhafiwk Medticalidnduating members
por surcourafing tee RF disisibution membseamethd Shdvisrhead electrode.
shower head el ectrode. 2. The shower head el ect roge

assenbly of claim1, wherein the thernmal path nenber

RIS L e T ——

of heatenard tsheiverhicae diberoa ar@aédlaopteab@ beCHMPCLRRSto a

a nti tride materé . 4. The shower head el ectrode
assEmsralye cPalraler, wherein the thermal path member
conprises a plate of alum numnitride or boron

nitride. 5. The showerhead el ectrode assenbly of claim
1, furthdr cofe skowerheadesitetrodeasderablgtor|ceast 5 urther

1oportqin§$ of ttEe therr(r)%l pat h between the tenperature
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corffPTSe 1Rl Ghokesonea sudacaot ineniratertagingthe top wall.
shower head el ectrode. 6. The shower head el ectrode
assenbly of claimb5, wherein the assenbly further

conpr i saﬂs one'l;]hﬂ' Shmrﬂ@rhebdéaiedmﬁid aan;)eﬁlﬁbly@gbléﬁnr@rm%réin the
sur, ing the RE distribution nenber and the
ool S adbibodvisiid SRedermerdeatiog aoment
assenbly of claimb5, wherein the heater and the

shower head el ectrode are adapted to be connected to a
t enper atl® e ddetshawerhead eletirderassentitindf elagnts, edferein the

imb5, furth 1.S] th | chok
on TSAt iR { oAb LS af oAb apsambplvasn qmRosed
shiaywroetd piwaéfiedtasgentl y of claim5, wherein the

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.

14. A vacuum chamber comprising the showerhead electrode
assembly of claim 1, further comprising:



heater conprises a netal body and a resistance heating

el emrent. 10. The shower head el ectrode assenbly of
wolkeismiBe7wherei n the heater conprises a resi SPCYRIS005/012210

heated material di sposed between opposed | ayers of a

pol yneric material. 11. The showerhead el ectrode

assenbly of claimb5, wherein t-l& heater conprises an

alternating current or direct current powered heating

el ement. 12. The showerhead el ectrode assenbly of

cl ai m 5, afeMmpeEtuteoegiitralleig a plurality of thermal

Chor mal - pebhen SRRl Sy B ufBE neh 8o sk Peser i fosponse to
conthedehgeratupe vehirollsk3. The shower head el ectrode

assenbly ?f, claimb5, wherein the thermal path nmenber
cont act s2 {HI ¢RI AdaRed: teesurpIflgd o Blue temperatiercontrolled top

Sl e YL il P Yo Ao <

el ectrode assenbly o npri sing: a
t enper atatempensturel semrspr arrpnyeimnest Eﬂéme@ld@mﬁéﬂsdr@ the
e

suppl ower to the heater,in response to t
t eﬁg@pﬁ? ghuge E’gﬂf‘?&r imare portiong of hisrhoyrerheag etatttode and supply
sunRlarmikish do e Idiipd RiTRE/Bhitfioc ont T 0l 1 ed Top vall i

response to the tenperature controller; and a
t enperature sensor arrangenent adapted to neasure the

tenperatyre one or re portions of the showerhead
10¢/ ect r od®-and h& By Egam?ﬁp%ﬁlam T avhesaipdhattop wall of the

Conacalireeharhber iSRGectAcAINRGNARBE! of claim 14,

wherein the top wall of the vacuum chanber is
el ectrically grounded. 16. The shower head el ectrode

assenbl f im1l erein the RF distribution )
member %:Llc(?or‘rpricIl Lohagen SQQFI%@%S&R@&Q@C%&WWGIH the
pr RredtriARIchmERDePablpridesof the shower head

el ectrode. 17. The shower head el ectrode assenbly of

15¢claim 1&t legsd pepgastassage supplying process gas to the backside of
the showerhead electrode.

17.  The showerhead electrode assembly of claim 16, wherein the
RF distribution member comprises a circular metal plate and an axially
20  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.
25
18.  The showerhead electrode assembly of claim 17, 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.
30

19.  The showerhead electrode assembly of claim 16, wherein the
RF distribution member includes first and second axially extending gas



RF distribution nmenber conprises a circular netal
pl ate and an axially extendi ng hub coaxial with the

wobheisaiiasher ei n the axially extendi ng hub has acTiusa®s/012210

one axially extendi ng gas passage supplying process

gas to one or nore radially extending gas passages in

the netal plate which communi cdt8-w th one or nore gas
outl ets facing the backsi de of the showerhead

el ectrode. 18. The shower head el ectrode assenbly of

cl aPATSEEEs\Rarable tprseipaty pregess gas tydiscrate capéraband banular

cerf B0 R SR e Bl TR R R oth pinpedist gas
t hepassdigal is adepterntd [
shg%%r hggo: fl g}gt r ode@gjsrggﬁ‘gfj@@o cl aep}r%ga%%eenrt[ae}l R 'et%”é“ and

RF GesGcPRdasPansasens aapigdds connect asacsrd gas supply to the
@xi@hﬁmapmgﬁum_ng gaspassages operable to supply

process gas to discrete central and annul ar pl enuns at

t he backsi de of the showerhead el ectrode, wherein the
first g pasFa%e i s adapted to connect a first gas

supply t4 e sprweraadirlactsode asserblysr¢lajas19, wherein at
pasgagteorsSgas @@él%tﬁ%gﬁqq_ﬁgﬁ %i@tr%%‘ﬁBHgngrl?@gf %Eﬁlél){e SRowerhead

the annul ar pl enum shower hea
as sRie¢irgdesepdraien the, cenlral plenuat froreitie AMRIGASICAER!

10between the RF distribution nenber and the shower head

el ectrode separates the central plenumfromthe
annul ar il enurfe ghdwerhizg %1@%% t | y.
of claim 16, wherei neli hedR | S(Jté??%sl??b@g Orrfr%gaig'%%ﬁ)e%m the
corfpr disddbutionemamber soeprises reeinetd ptatepivakralh alie metal plate
' as, condui t suppl yi ng process

o DBt Rs et e i B PPVinG BRbadRstaas o At least one gas
S Ufpiisk8ge WIIBR S tERSUPDIIaS pheask y%'%%%?eé’é{% &'gasdutlet.
of clarm 8 % I

The shower head el ectrode assenbl ere

Sthe RF distribution menber includes a RF power i nput

connectiyn a I t..on rocess inlet. 23. The
shower hezgd eﬁi@ﬁ’b"azg@?é@ﬁgﬁf oge %qsgﬂﬂ:ﬁigf Fkﬁl’i@r@, whesein the
RFRH distributionane mbeb @il s F%Feéo@é‘tsinéﬂf‘??%ﬁéotion and at least
radi al | y extendi ng gas passages and axially extemﬂ ng

ga®NErPerss gas inlet.

20 23.  The showerhead electrode assembly of claim 16, wherein the

RF distribution member comprises gas conduits, radially extending gas
passages and axially extending gas outlets.

24.  The showerhead electrode assembly of claim 1, wherein the

25  showerhead electrode is adapted to be powered by a single RF power

30

source.

25.  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. The shower head el ectrode assenbly of claim1,
wherei n the showerhead el ectrode is adapted to be

woawsrietkeby a singl e RF power source. 25. The PCT/US2005/012210

shower head el ectrode assenbly of claim1l, wherein the
shower head el ectrode includes a silicon el ectrode
plate with gas outlets on one -s23le t hereof and the
opposite side therefore el astoner bonded to a backing
menber of silicon carbide or graphite in contact with

the RF dR8tri Aunethedwfassiroling ma:maammmg camprisihi ng

P S LA (R RSPt
ey S T 01 3 BEpGS

whi %rI‘PV’.!\ [Rdepand gibstiom electroda mmowhist;a amjlconductor

Fgtc w@ﬁc substrate in the plasma
et cﬁl‘ ag%%en%& y épppyl ng RF power to the showerhead

eI ectr odetchmg @pemitornidugtdriseibptrateinghe dtadra @téhify 8A8Rber by
the RF power and the process gas are

su p?)‘i’F?')é'thngi'e PH@/% il ﬂw&e@ﬁaaﬂeﬁ@d@am gaergizing the process

di t
o 23 P bladiREBEI e O ARt B RE paWe A Re vld ScBHY bs ere
cI aﬁtmpjﬂed t® [ttne hleowemqadl edeclgodehby h&ﬁs digtributibRénember
rhea %% de a{ terrper ature of at |east 80

“dgeiric diTrgm Siher pasts of e pldsma atshingaehargber.
the shower head el ectrode conprises heating and
mai ntai ning at | east a portion of the showerhead

el ectrod¥.at Ehe mqﬂmcboﬂclelmf%afurtrm&bnﬁﬁ@@%th@heéﬁh@ of the
27, wherein t atin

cla
shoslﬂbgjg\f%éﬁa%fe VPQH@t@oﬁﬁlﬁm%’@ r&Qh8} W@SE@@ Grai nt ai ni ng
at least a portion of the showerhead el ectrode at a
tenperature of at |east 1500C. 30. The nethod of claim

1527, wherZ8.n tThe methachgf dain BE, wheren isatealisy bf thide
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ocC t chi ng of, the seni conduct or
sugss%t ra e*?@éé’cgaﬁ cpr$ﬂ§ % sdyealingiandapainipieing af least a portion
et ity shONBIHesRise8E®bdd 8t a temperature of at least 100°C.

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 150°C.

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



openings in an oxide | ayer on the sem conduct or

substrate, the openings being defined by a patterned
wohotsanesist. 32. The method of claim 27, wher eCI/uSk®s5/012210

process gas conprises a fluorocarbon and/ or

hydr of | uor ocarbon gas and the heating of theshowerhead

el ectrode reduces striations on3@-photoresi st on the

sem conduct or substrate by controlling fluorine

radi cal density in the process gas. 33. The nethod of

cl ashpwerhegseslectiiode eedicesistdatiansnen aipfioterepist bnrthei o

et oS RERgT Rk afh By PRI G e Ecat dhpsitidn the process
shogashead el ectrode by conducting heat al ong a

thermal path extending fromthe showerhead el ectrode
to the gas distribution nenber, a thermal path nenber,

heat er qo0ne t . i,nt.o top,.
Sl 5583Tne T e Baldl Sl 26 WGBTS, SBhBoTalihS nigh aspect
poweatia coritaet cemivyshieadlskitere bxidddaganpr i ses suppl yi ng

RF power from an RF source outside the plasma etching
chanber to an RF input |ocated on the gas distribution

menber, rou i.SL.rd i - _
t hr ough ?r%] ti gﬁ%ﬂ%ﬂtgg?tf%@%n%égqﬁgﬁ%een fﬁ%‘”g%go“”g the
di sshowerthiead etecttmde lay dondctimcvent e &ltiesrinialgaith 3ktending

1Q o fiPUB8 SRS OReofsY oo i 625 b Gian BRI, a thermal
Chovay nASRRF. ZhedRt ok, SPHRRe Roril cABRET 2 i 4 BB el

wherei n the supplying gas conprises supplying a first
gas mxtyre to a central zone jn the, bet ween t he
subst r at é‘an_dﬂf'ﬁ g‘éﬁ%@/@f ﬁéé{ae)é é‘@lerr%'ﬁgﬁgr?@%% PoWigs tathe
secshsivarhgafietddtfciel &rﬁﬁri@éﬁ”éﬁ&}ﬂyiﬁg'?@: ngbp?roﬂ?gn RF source
surrounding the central” zone, 'the Seco gas m xture

1%pei eigfsigiertherméasma etehingrehainber tgas R iput oated be the gas

o AR aeibed (aSuBR she e ARHBR oL ek arthibrovan
fi rpiltpas contsetpSinBSoethe@nnRE ed ﬁtriﬁh%ﬁg?e@nber and the

conprising etching a batch of "wafers one-by-one 1In e
pl ashawerhead elpdesieber, t he shower head el ectrode being

20 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
25  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
30 different flow rate than the first gas mixture.



mai nt ai ned at a substantially uniformtenperature

during processing of the batch of wafers. 39. The
worbisadiwl cl ai m 27, wherein the heating of thecT/us2005/012210

shower head el ectrode conprises heating a central

portion and an edge portion of the showerhead

el ectrode such that a tenperat-B¥e-differential is |ess

t han 500C between the center portion and the edge

portion of the showerhead el ectrode. 40. The method of

cl ai m 2738whe B inethedod £laimg 6 fconmmrising amhirepd batch of wafers

. . ti q '
cagahESH i Pahe s B 2uBERek theBousBhedh gietlode being
t enpairtbined atidf SEsstantizly drﬁfohﬂ&énid@?é’tu?é@uhﬁ%‘ﬁ?@éésts of the
center partion and the edge portion of the showerhea

el ebatchpt wafers.
5

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 50°C between the center portion and the edge portion of the
10  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

15 less than 25°C between the center portion and the edge portion of the
showerhead electrode.



