1 APPARATUS | NCLUDI NG GAS DI STRI BUTI ON MEMBER SUPPLYI NG PROCESS GAS AND
RADI O FREQUENCY (RF) POWER FOR PLASMA PROCESSI NG BACKGROUND Pl asna
processing apparatuses are used to procéss substrates by techni ques

i ncludi ng etching, physical vapor deposition (PVD), chem cal vapor
deposition (CVD), ion inplantation, and ashing or resist renoval. The prior
art teaches abowPPARMTUSH INCLGIDING GAIPESTRIBUEI@Y MEMBERSGWEPhERNG el ect r ode

during operation. 004/ 0009617
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el ectrode (115) in the interi orFQK PBASEARROGHSBMIGr (100) and powered by RF
energy. An antenna (110) (RE distribution nenber) attached to the shower head
electrode |ncludes a first portion extending axially into an opening in a
top wal? ? 3 t he vacuum chanber, and a disc electricity conductor
(111) (second portion) extending laterally over and in contact with the
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(RF) distribution nenber attached to the showerhead el ectrode, wherein the

RF di stFdnPuHAOR aNEMREFat NG b L3635 @sdidsesd shBREMbRANsRABRL BFa biRsnXdi@Neactdaxi al |y
into an opening in a terrE%rrature controlled top wall of the vacuum chanber,

and theWW"Hi‘ EﬁaF fraster BemaR BRI Wﬁewtﬁfﬂévéthél‘essé%‘?ﬁﬁ@aﬂél@?tf‘tﬁiﬁ extending laterally
over the showerhead el ectrode, and providing a RF path and a thermal path;
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SUMMARY

A plasma processing apparatus is provided which includes a showerhead electrode and a heater in
thermal contact with the showerhead electrode, wherein the heater is operable to heat at least a portion of
the showerhead electrode above a threshold temperature. Additionally, a top plate may also be provided in
the apparatus to control the temperature of the showerhead electrode or cooperate with the heater to
maintain a predetermined temperature in the showerhead electrode.

In one embodiment a showerhead electrode assembly includes a showerhead electrode adapted to
be mounted in an interior of a vacuum chamber; a radio frequency (RF) distribution member attached to
the showerhead electrode, wherein the RF distribution member includes a first portion adapted to extend
axially into an opening in a temperature controlled top wall of the vacuum chamber, and the RF
distribution member includes a second portion extending laterally over the showerhead electrode, and
providing a RF path and a thermal path; and a thermal path member attached to the RF distribution
member and adapted to provide a thermal path between the top wall of the vacuum chamber and the

second portion of the RF distribution member to the showerhead electrode. In another



WO 2005/ 111267 PCT/ US2005/ 012210 -2 enbodi nent, the RF distribution nenber
can al so include at |east one gas passage supplying process gas to the
shower heaggloggingde. | n anot her enbodi nent, a shomerh@ﬁ@“@pgg@Paﬁe assenbl y
i ncludes a showerhead el ectrode adapted to be nounted in an interior of a
vacuum 5 chanber; a gas distribution nenber attached to the showerhead

el ectrode; a thermal path nenber attachedli-to the gas distribution nenber
and a heater attached to the thernal path nenber, wherein the heater

transmts heat to the showerhead el ectrqde through the gas distribution
menber and  t RIBMERAEL, TRk deibution fMenhies cAB Ak peluletleast RBe gas
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operating a showerhead electrode assenbly. FIG 6 illustrates tenperatures
at which a pr giaverdd theshewerbedd eftrodect r ode enbodi nent is operat ed.

Also provided is a method of controlling plasma etching, including

applying power to a heater in a plasma etching chamber; heating at least a
portion of a showerhead electrode in the plasma etching chamber to a

15  predetermined temperature by conducting heat from the heater to the
showerhead electrode; supplying process gas to the plasma etching
chamber through the showerhead electrode; and etching a semiconductor
substrate in the plasma etching chamber by applying RF power to the
showerhead electrode and energizing the process gas into a plasma state,

20 wherein the power applied to the heater and the power applied to the
showerhead electrode are electrically isolated from one another by a thermal
path member.

BRIEF DESCRIPTION OF THE DRAWING FIGURES

25 FIGS. 1, 2, 4 and 5 illustrate preferred embodiments of showerhead
electrode assemblies.
FI1G. 3 illustrates a preferred method of operating a showerhead
electrode assembly.
FIG. 6 illustrates temperatures at which a preferred showerhead
30 electrode embodiment is operated.



WO 2005/ 111267 PCT/ US2005/012210 -3 FIG 7 illustrates the effect of
shower head el ectrode tenperatures on an exenplary photoresist etch rate.
FIG 8 illwﬁtzgog;lgﬁﬁ-; he effect of showerhead el ectrode tREOTEERMSOIVL0 on an
exenpl ary photoresist etch rate using a C4AF6102 etch gas. 5 FIGS. 9a-d are
phot om crographs taken at 80, 000x magnification of a patterned photoresist.
FIGS. 10 and 11 illustrate preferred enbeo8linents of a gas distribution
menber. FIG 12 illustrates a preferred enbodi nent of subassenbly 10
attachments. DETAILED DESCRI PTION Control over plasnma paraneters, such as
pl asma chenistry, . 7elestrates theeifach of shawearhead elaetroda tersperatures on
tenperature, e ' | : ter plasnma processing results. In
addition to thée@gx%r#]glsaggabé{ragen% eertcl"i[)n rols, tenperatures of surfaces in a
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chem stry and hence the plasma. processing re on.a sem conduct or
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etching a series of wafers in a single wafer plasna etch it has
been observed paiterned phptoresisti es of various portions of a radio frequency
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25 heat gener afnethdey. t he RF powered shower head el ectrode. For exanple, the

tenperature difference between the center and the edge of the showerhead
el ectrode can be abd@& 120Westeatesa greferredembogdimentiaf shbasserabliger at ure i s

nore pron ce e electrode is run at higher power levels (e.g.,
3,000 to gjfﬂaoogﬁv\é{/a%hts rH%ll'nd can lead to non-uniformty in plasma etching. 30
Thus, decreasing the variation in the tenperature of the RF powered

DETAILED DESCRIPTION

Control over plasma parameters, such as plasma chemistry, ion
energy, density, and distribution, electron temperature, etc., is desired to
15  alter plasma processing results. In addition to these plasma parameter
controls, temperatures of surfaces in a plasma chamber which confine
plasma ‘may also be used to control plasma chemistry and hence the plasma
processing resuits 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



shower head el ectrode can provide nore uniform plasm etching of wafers WO
20051111267 PCT/ U52005/ 012210 -4- during a production run, I@;&ﬂ%ioﬂon,

mai nt ai ni vgo 2008 N2éTumM t enperature of the RF powered ePEA{YSAYa Ing a
production run can inprove photoresist selectivity. In light of the
fluctuation in tenperature of a RF powered showerhead 5 electrode fromthe
heat generated during use, a heater is pT‘ﬂ)vi ded to nmaintain the center and
edge portion of RF powered showerhead electrode wthin a desired
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menber such as a top wall (top plate) of the chanber, a desirable

tenperature di%le¢tHelYi on may be provided in a RF powered shower head
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preferred enbodi nent, enperature diffterence betWween the center portion
and t he edde peletirade frbmdhe heatgererdietbdwingaiseoddeater ibpromded i ned in a

range effective to.inprove uniformty of sma_processi uch as plasm
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the heater, a tenperature controlled heat sink and a showerhead el ectrode,

20 where the sthanedica@riatier in iemparatureremeenter. topdgep Bysheatingdbe & ng
apparatus of thi ' r e shower head
elogct roge to béd)@%%p% gﬂ@qgnay&%%%%é ﬁggﬁoﬂﬁ@t@@é@@@@g%@ ?ng of the

shower headi@| efehpetteturd-contrailetl momber suchr ass torewhll (opl platepof the a pl asma
processi ng 25 a first enbodi nent, which includes
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apparatus. According to a preferred embodiment, the temperature
difference between the center portion and the edge portion of a showerhead
15 electrode can be maintained in a range effective to improve uniformity of
plasma processing such as plasma etching high aspect ratio openings in
dielectric material such as silicon oxide.
In a preferred embodiment, a plasma processing apparatus includes
the heater, a temperature controlled heat sink and a showerhead electrode,
20 where the showerhead electrode is RF powered. The plasma processing
apparatus of this embodiment allows for the temperature of the showerhead
electrode to be controlled by active heating and active cooling of the
showerhead electrode.
Figure 1 shows a cross-sectional view of a plasma processing
25 apparatus 100 according to a first embodiment, which includes a heater and
an upper showerhead electrode temperature control system. In Figure 1, a
plasma processing apparatus 100 is provided with a heater 700 in a vacuum
chamber 150 and a temperature controller 900.
As illustrated in Figure 1, a vacuum chamber 150 such as a plasma
30 etch chamber includes an upper showerhead electrode 200 and a substrate
support 300 therein, the upper showerhead electrode 200 and the substrate
support 300 being separated by the gap 400 within which a substrate is



As illustrated in Figure 1, a vacuum chanber 150 such as a plasma 30 etch
chanber includes an upper showerhead el ectrode 200 and a substrate support
300 t her eiwp 2dobvet1agfper shower head el ectrode 200 and th@cgﬂﬁggﬁﬁyﬁu)support
300 being separated by the gap 400 within which a substrate is WO
20051111267 PCT/ US2005/012210 -5 processed. The upper showerhead el ectrode
200 includes a perforated or porous plah%r or non-planar surface to

di spense reactant gases over an exposed surface of the substrate. Above the

upper shower head el ectrnde 200, a [ SLL | on nber 500 j s provided,
where the gas %rfoiggﬁeé{]tﬂ&u@%g@%@%@ﬁ%&d@nﬁ@%&p a{eg cFrhe upper
shower head el esdrbQs @la?idP or hoRplahad 88rfacetd) disariseehsiaie ghdss ywstywm chanber
150. The gas distribution nmenber 500 is also electrically conductive and

di stributes RFEXPOSREsuFfaeerohthersubsitate. Abnyethe ppetshowerhead elecdiedt chanber

150 to th i od |
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600 is a thermally conductive, electrically 1nsu functions

to el ectri cal | gowersdfiorateRE powes supply 570 @utsiderthenvaayas chambentfa ortheenber
500, while allow ter 700 to be conducted to the gas
di stribution H@%@%@%‘héﬁﬁﬁ@&ﬁd& power transmtted through the gas
di stributifgn menberAlsdlag Mustated in Eigutey 128 heater 206 6 focatadpabisve suppl i ed to
the heater 700, while still allow ng thermal conduction between the heater

700 and t he uppiizodiaieirndingpartion ofithe gaspdisiripuion arennleerR0f; where the
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arrangenent suihb gas distribeticrt menber €00 andtauthermally conductive insulator 600,
where the insulator 600 is provided between the heater 700 and the gas
16  distribution member 500. The insulator 600 is a thermally conductive,
electrically insulating body which functions to electrically insulate the heater
700 from the gas distribution member 500, while allowing heat from the
heater 700 to be conducted to the gas distribution member 500. Thus, the
RF power transmitted through the gas distribution member 500 is electrically
20 isolated from power supplied to the heater 700, while still allowing thermal
conduction between the heater 700 and the upper showerhead electrode
200.
In order to control the temperature of the upper showerhead electrode
200, a temperature controller 900 is provided which uses any suitable
25 temperature monitoring arrangement such as at least one temperature
sensor 950 to measure the temperature (T) of the upper showerhead
electrode 200. The temperature sensor 950 can include a fiber optic
temperature sensing element located in close proximity to a backside of the
upper showerhead electrode 200 or the temperature sensor 950 can be
30 thermally connected to the upper showerhead electrode 200. For example,
as illustrated in Figure 1, the temperature sensor 950 is located on the
vicinity of an edge portion of the upper showerhead electrode 200. The



sensor 950 to neasure the tenperature (T) of the upper showerhead el ectrode
200. The tenperature sensor 950 can include a fiber optic erature
sensi ng elyageoek/iieeat ed in close proxinmity to a backsi d’@Tﬂfsz?qulnEPpper
shower head el ectrode 200 or the tenperature sensor 950 can be 30 thernmally
connected to the upper showerhead el ectrode 200. For exanple, as
illustrated in Figure 1, the tenperature-8ensor 950 is |ocated on the
vicinity of an edge portion of the upper showerhead el ectrode 200. The WD
ontroller 900

2005/ 111267 P /U82005/01 b d
det er ni ne, baggﬂﬁ'q?ﬁ atyLe cou cé‘%élggg Cﬁﬁﬁggsght P ﬁ’& qr%r%ﬁp@m%ggmgl%u;ger He
shower head el e@pfé&#htlﬁ@%rhbéf@t%dr opl.’ﬁetdbﬁeﬁ SHERRSrARHA %Ieﬁr‘%‘él@@bo% Sftovinbgt her

the tenperature of the uppe shower head el ectrode 200 nust be I ncreased to

a predet er ni neldy mettemmr@mce 8enspp P50] whethpsthedemperaturerof thehppeenper at ur e

pover to the nibusrB8HBRike BRubideR ABRS] iy Bedasdined e heac er 700,
which in t@n tempera@sesTp)hdf T @pes aiamr'm dfie térapsrpREe o@hﬁmrfmdsel ect rode
200. The heater 700 may be 11;éower ed an_alternating current AC%]%BS/ .
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tenperature conempdrhmre eeﬁlrmlledusaqblate Beo WﬁmgrﬁﬁuuW%éle@ uppérat e can be
adjusted as deg) Irl ce)igjl the c%amberm%'he top plate 880 is electncally gr%unded and can be
15  provided with a fluid control apparatus 850, which is also controlled by the

temperature controller 900 and can include a temperature chiller to cool fluid

run through the top plate 800. Alternatively, the top plate 800 can be cooled

in a continuous or discontinuous manner without the fluid control apparatus

850. For example, water may be run continuously through the top plate 800
20 without a fluid control apparatus 850 being used.

If the temperature controller 900 is used, the temperature of the top

plate can be adjusted as desired. For example, if T is more than Tp, the

temperature controller 900 can cause the fluid control apparatus 850 to flow

a cooling fluid through the top plate 800 to cool the heater 700 which then
25 acts as a heat sink for the upper showerhead electrode 200 and thus cools

the upper showerhead electrode 200, as discussed below. However, the

fluid passing through the top plate 800 can be circulated continuously and

the temperature of the fluid can optionally be raised or lowered and/or the

flow rate of the fluid can be increased or decreased based on instructions
30 from the temperature controller 900.

Additionally, as illustrated in Figure 1, upper electrical insulators 630
are used to electrically insulate the top plate 800 from the gas distribution



tenperature 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 awe@adeatizei nk for the upper showerhead el ect r 3§&/UBWSAHAY hus cool s
t he upper showerhead el ectrode 200, as di scussed bel ow. However, the fluid
passi ng through the top plate 800 can be circul ated continuously and the
tenperature of the fluid can optionally bé-raised or |owered and/or the
flowrate of the fluid can be increased or decreased based on instructions
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-7 menber 500. Also, lateral electrical insulators 620, 640 surrounding the
upper shower hel@lesticallyjasulateothg vwppgashawerhead glectadaPddrors e beatetused to
electrically i | at e the upper showerhead el ectrode 200 fromthe heater
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10 substrate support 300. In appar atus 100 can
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gas distriuti qubstratarsuppdrt 868 can be RF insulated using the insulator 600
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the gas distri butilBr $eG9pErembrdimant dhe apparatusctihcareinsetnoraiatthe gas gas
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’ member 500 can be RF insulated within the apparatus 100 from other parts
of the plasma etching chamber. In this embodiment, the gas distribution
15 member 500 can be RF insulated using the insulator 600 and/or other
insulating members as desired to allow RF to penetrate through the gas
distribution member 500. '

Also in the second embodiment, the gas distribution member 500
includes a plate 505 and an axially extending member 508, where the axially

20 extending member 508 includes a RF connection to receive a cable
electrically connected to the RF power supply 570. Thus, the member 508 is
used to distribute RF power from the RF power supply 570 to the plate 505
then to the upper showerhead electrode 200 through contact points between
the plate 505 and the upper showerhead electrode 200. For example, the

25 plate 505 can include a plurality of annular projections in contact with the
backside of the upper showerhead electrode 200.

The axially extending member 508 additionally functions to distribute
process gas from the gas supply 550 to one or more plenums between the
plate 505 and the upper showerhead electrode 200. As such, both RF

30 power and process gas are supplied to the upper showerhead electrode 200
through the gas distribution member 500. By supplying RF power through
the gas distribution member 500, the RF power can be supplied more



20 extendi ng nmenber 508 includes a RF connection to receive a cable
electrically connected to the RF power supply 570. Thus, the nenber 508 is
used to diwoeiobutieé’RF power fromthe RF power supply S?GTWZ?%@IzﬁFOate 505
then to the upper showerhead el ectrode 200 t hrough contact points between
the plate 505 and the upper showerhead el ectrode 200. For exanple, the 25

pl ate 505 can include a plurality of annu® ar projections in contact with the
backsi de of the upper showerhead el ectrode 200. The axially extendi ng nenber

508 additional | v.functio o distri roces as fromthe gas supply
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the third preferred enbodinment is illustrated. In Figure 3, the
met hod begi nsbeginswith s $ipp 1100 opinseriingra water onimthersuppost 308 Nexipiort  300.

el eci rode 10 208PraaR e teriRG R sEp ST IRy inhe HoPer S e RERL BRBERRET et r oce
200.  Next10 i 260 ARasdfR thetermpemeuratoftite gepErsholwverhedeleoidds 260.t he
measured tenperature (T) with a predeterm ned tenperature range (Tp), where

the predeternined th@feinagtep 339%H§jiate€&99rr@é'fﬁ)ﬁ_@f§fql r BA€ carparesithet enper at ure
Lo h520" oSSBT () S prbbchi 83D, Hgetfpl o
shower head el ewheredbe Ppedetepmiadd tempenatute aangsn corredpandstte thel @@direds
temperature for the upper showerhead electrode 200. If T is less than Tp,
15  then in step 1320 power is provided to the heater in order to heat the upper
showerhead electrode 200 a predetermined amount, then step 1200 is
repeated to determine if the amount of power supplied to the heater 700 was
appropriate. If T is more than Tp, in step 1340 a cooling fluid is run through
the top plate and step 1200 is repeated to determine if the amount of cooling
20 fluid run through the top plate 800 was appropriate. If T is about the same
as Tp, then the wafer is processed in step 1400 and removed in step 1500
before it is determined whether another wafer is to be processed in step
1600. If no other wafers are to be processed, the process ends in step
1700, but if another wafer is to be processed, the process repeats and a
25 wafer is inserted in step 1100.

It is noted that the temperature controller can be any type of
information processor, such as a stand-alone computer or an internal logic
switch.

Also, it is noted that the amount of power and cooling fluid provided

30 can be varied as desired depending on the process and the operating
conditions. For example, if T is much less than Tp, then more power can be
provided to the heater 700 at step 1320 than if T is slightly less than Tp.



repeated to determne if the anmount of power supplied to the heater 700 was
appropriate. If T is nore than Tp, in step 1340 a cooling fluid is run
through tvwe2mspimbate and step 1200 is repeated to detRr¥RO5%M22%he anpunt
of cooling 20 fluid run through the top plate 800 was appropriate. If T is
about the sane as Tp, then the wafer is processed in step 1400 and renoved
in step 1500 before it is determ ned whe¥her another wafer is to be
processed in step 1600. If no other wafers are to be processed, the process

ends in ste 1700, I f her. i e, processed,. the.process
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stand-al one conputer or an internal logic switch. Also, it is noted that

the anount of isrillésteated withgybagkingompmber d€@ (susth asa orephiternlate as desir ed
L n t . 59 . ' S e
ependi ng on Q%B@hﬁ%?\dﬁa%ttﬁ?e@eﬁ&?é %(gt% wﬂ@r‘&jfh%ﬁ%dlf;ﬁg%@gﬁﬁ%%o' IS

much | ess than en nore power can provi de at
step 1320 tHhan500 isTattacheditglthe padckiresmiehder 220 (8\9.,206mbéA 306 ¢an be
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shower head el eﬁd@gmeﬁ%r'ﬂ@ ﬁ%gé?%ﬁdﬁd"ﬂo@hh@n@é%ﬁhg&ré‘%# EEBH%?&IG( such as

a graphite plate astomer bon 0 the electrode 2 re the gas
di stribution nelepbkede260@ndcantbesaitachied &0 thecgasadikiribytiom memberBZD0(withy. |,

menber 500 can_be_ f er, 0 bolts ar other f eners).
For exanpl e, t%@ﬁagﬁﬁﬁg%%dﬁﬁg%?%@yﬁgé&'ﬁpgg*@e?c[%%@%ﬂﬁ@@méﬁz ctural
support of10 hewhighas eleethitalthsartdingais préviaéd as ecuter lahgaegion ofithe but i on
menber 500 with  contact bolts 225  discussed bel ow. AddltlonallisQ a  ded
rovi ded on

secondary i nsu®delt eﬁseqingcmmbenﬁf_?%am waer laderal spgiansafdbe hgater Z0f
P oraE” ey orhe FREGEYAE iy IRk G\ S0 PRSRFIGSHRARERAE, |
upper and | at e620, 6dl0emeniiaredd abovel at ors 630, 640 nentioned above.
In the third embodiment, the backing member 220 is preferably
15 attached to a backside of the upper showerhead electrode 200 by elastomer
bonding (for example, see commonly assigned U.S. Patents Nos. 6,194,322
B1 and 6,073,577, which are hereby incorporated by reference in their
entirety). The member 220 includes gas passages 226 aligned with gas
passages 206 in the upper showerhead electrode 200 to provide gas flow
20 into the gap 400. The top plate 800 forms a removable and vacuum sealed
top wall of the apparatus 100 and functions as a heat sink which cooperates
with the heater 700 to control the temperature of the upper showerhead
electrode 200.
The backing member 220 is preferably made of a material that is
25 chemically compatible with process gases used for processing
semiconductor substrates in the plasma processing chamber, has a
coefficient of thermal expansion closely matching that of the electrode
material, and/or is electrically and thermally conductive. Preferred materials
that can be used to make the backing member 220 include, but are not
30 limited to, graphite and silicon carbide (SiC).
The third embodiment also features a ground electrode 250
surrounding electrode 200. This outer electrode member 250 is useful for



In the third enbodi nent, the backing nenber 220 is preferably 15 attached to
a backside of the upper showerhead el ectrode 200 by el astoner bonding (for
exanpl e, sge20mmme!y assigned U.S. Patents Nos. 6, 194, PEEUS20851012240
6,073,577, which are hereby incorporated by reference in their entirety).
The nmenber 220 includes gas passages 226 aligned with gas passages 206 in

t he upper showerhead el ectrode 200 to prolMlde gas flow 20 into the gap 400.
The top plate 800 forns a renovabl e and vacuum sealed top wall of the

apparatus 100 and functions as a heat .si.nk which cooperates w.th the heater
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conpatible with process gases use processin sem conduct or “substrates
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backi ng nmenber eRéfodé atrad§ement ca be RRINd3IA cbimmdriy aksignad &pbi patepand silicon
carbide (SiC). The third enbodi nent al so features a ground el ectrode 250

surroundi ng el Applicatien N 10164566kt subjeckmatier ofovitieh istereby useful for WO

2005/ 111267 PG (%2% 2 Ol i 300 mMm
waf ers, and tﬁe‘:{cgﬁﬁg?éél ct ?t%ggcel.nlérq%éﬁg&gg%@?@érgﬁérgtsﬁﬁlgﬁgiee?’%%ﬁﬁa backi ng
ring 260 and aocorfinemerit@aiangemendsuieuhding gap400, detailsof which lcan det er

el ectrode nenbgr 250 adjacent t.o e.insul ator nd a late el ectrical
i nsul at or 640. ?Wét'ﬂgpnh’é‘?rﬁ}' P§S'8'f"e‘5 DI% FE&@T‘QS‘P&%&%SF %}b@?@ptégiaﬁe%te f ound
i n commonl yg asRiod5 A4 95, wiithtare heoh) intatpoPatedi® éﬂ% in ifiReip b ect
mat t er of which i_sgﬁ’e?eby I ncor por at ed g@ore?ergr{%%(r I @%gfnr@gﬁelt?he
chanber can inentiréty.a pl asma confinenent arrangenent surroundi ng gap 400,

6. 602, 381 131 and U WTaspeliepldiRPes %, FARRIRER sufoetiari, o
i ncor por at ed bfigued & edritgctints 520rbetléen the backing member 220 and the gas
distribution member 500 are shown as protrusions from the gas distribution
15 member 500 toward the upper showerhead electrode 200 and the backing
member 220. The contact points 520 are illustrated as concentric rings in
cross-section in Figure 5 that protrude from the gas distribution member 500.
However, the contact points 520 may be continuous or discontinuous rings,
spaced individual points or any other shaped member capable of
20 transmitting RF power and conducting heat therethrough. If continuous
contact point rings are used, channels can be provided in the rings in order
to allow for gaseous communication between plenums formed between the
rings and the backside of the showerhead electrode. On the other hand, the
channels may be omitted if cross-communication is not desired and
25 therefore gases on one side of the contact point rings are intended to be
isolated from gases on the other side of the rings. For example, as
illustrated in Figure 4, three concentric rings are provided between the gas
distribution member 500 and the upper showerhead electrode 200.
Each contact point 520 of the gas distribution member 500 can have a
30 contact area depending upon the amount of RF and thermal conductivity
desired, as well as the area desired to supply gas from the gas distribution
member 500 to the upper showerhead electrode 200. For example, as



entirety. Further, as illustrated in Figure 5 which is an enl arged portion
of Figure 4, cont act points 520 between the backi ng nenber 220 and the gas
di st ri but i wo 208mhex67500 are shown as protrusions from t Hel/H9040184Pj but i on
15 nmenber 500 toward the upper showerhead el ectrode 200 and the backi ng
menber 220. The contact points 520 are illustrated as concentric rings in
cross-section in Figure 5 that protrude f1bm t he gas distribution nenber
500. However, the contact points 520 nay be continuous or discontinuous
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and the backsi §entget peiatssheallavefar Rft ard theamal eandustivitt. her hand, t he
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illustrated in ure t hr e concentr, n are provi ded between the gas
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as the area dedbledbstto Gélﬂmﬁ(%/mg%fs%f?ﬁ)tn 90% oy &8 td|%t9%but|on menber 500 to

th hower h | ect 200, F | . 05/1112
PCT/ Us2005/ 012210 - Pyh R pBEFu Eamenlenty B oo PRt 2B e BN ety as
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t herebetween while contact points 520 |l ow for RFE and ther mal
conductivity. Pﬂ”&oé'ﬂ'a@mtythQﬁfét thhag an innes dignastet etiabaut 2%’ anshamevutepoi nt s
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outer diameter of 8.5” and the fourth ring has an inner diameter of about 11"

15 and an outer diameter of 11.5” on a gas distribution member 500 with an
outer diameter of about 12.2", where the upper showerhead electrode 200
has approximately the same diameter as the gas distribution member 500.
In this embodiment, the contact area is from 15 to 20% of the total area of
the gas distribution member 500.

20 Additionally, the upper showerhead electrode 200 can have a few gas
outlets or many gas outlets of any desired dimension or configuration
depending on the reactor and/or the process carried out therein, where the
gap 400 can be any desired spacing, e.g., 1" to 10", 2" to 5" or 3" to 6”. For
example, if the gap is large, e.g., about 6 cm or more, only a few gas outlets

25 can be provided at the center of the upper showerhead electrode 200 while
providing a high contact area, e.g., over 90%, such as about 99%, between
the gas distribution member 500 and the upper showerhead electrode 200.

Additionally, contact bolts 225 are also illustrated, where the contact

bolts 225 secure the upper showerhead electrode 200 and the backing

30 member 220 to the gas distribution member 500, where the gas distribution
member 500 supports the backing member 220 and the upper showerhead



45% 45 to 60% 60 to 75% 75 to 90% or 90 to 99.9% In an exenplary

enbodi nent, the contact points 520 are provided as 10 four integrally
formed convpnedusized ngs each of which is 0.5 inch wi de. PAIUMSO1Z24 0 0di nent ,
the first ring has an inner dianeter of about 2.5" and an outer dianeter of
3", the second ring has an inner dianeter of about 5" and an outer dianeter
of 5.5", the third ring has an inner di arder of about 8" and an outer

di aneter of 8.5" and the fourth ring has an inner dianmeter of about 11" 15

and an outer di ter . 5" on _a | St riyshution nber 500 with an
outer di arretere@gﬁ%‘g%aﬁ&iﬁﬁ'@twgrE&ﬁg%zﬁgﬁmw@l EMYHRE200 has
approxi matel y 50®caRbe tHicadBl fitoBrebtied Barsh Mdrmbaridmn nenber 500. In this

enbodi ment, the contact area is from15 to 20% of the total area of the gas
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t herei n, wher estipply agdperpératiare dma%raﬂargﬂlé)sbye(tosmﬁnl fofling ten@erabtﬂli'e to 10", 2°
to 5" or 3" to 6", For xanpl e, if t ap.is large, e.g., about 6 cmor
nmore, only a f%%%%@@g’é‘?g% Wr@Wﬁhﬁéﬂpﬁ[‘R@@Scenter of the upper
shower head el ectrod bl & i bdid g K i , over
90% such as about S%% ﬁéﬁtls\feisnlug?ﬁée{égéds}ggiﬂgr?@Sﬁ%&l&ﬁﬁeor%@rsggb%‘%nd t he
upper shower heprbjasitions faging tlermatichakes A0 or, the apparatusH d0@ maydbclude al so

i I'lustrated, ere e cqo ct _balts 225 secur he . er shower head

el ectrode ZOO%W?L&WE&;S@QSG\QW%EE‘BQ &?j&aﬁﬁmvﬁa&gﬁ%ﬁﬁ%ﬁﬁvon nmenber
500, wher e1( heclgiice fhds. I T theaial mmgvséweﬁmfmgréﬁ@e Baessracersoer 220
and t he upper showerhead WD 2005/111267 PCTI US2005/ 012210 -12- el ectrode

200. For i nst ahe’t flavoandinthibibihesmalzpndusiiometveen digs heater fBfisad thedm can be
o adc, . o e s ke SEBAmARE Yoyl VSR gt o0

200 can be further cd 0 usin h top plate
800, tenper at uthe thermalrchok8s 7p0\wan befadjugied.y Fenexdmplpethat theemalohiokes | er 900,

by also contr OJ7J56 ggn %r}%errro%eurro? can be made of a less thermally conductive material
15  if less heat flow is desired.

Preferably, the thermal chokes 750 are sized to control the thermal
conductivity, where the contact area between the thermal chokes 750 and
the heater 700 can range from 1% to 100% of the area of the heater, e.g., 1
to 5%, 5 to 15%, 15 to 30%, 30 to 45%, 45 to 60%, 60 to 75%, 75 to 90% or

20 90to 100%.

In an exemplary embodiment, the thermal chokes 750 are provided as
three discrete continuous rings each of which is 1 inch wide. In this
embodiment, the first ring has an inner diameter of 3” and an outer diameter
of 4”, the second ring has an inner diameter of 10.5” and an outer diameter

25 of 11.5” and the third ring has an inner diameter of about 15.6” and an outer
diameter of 16.6" on a heater 700 with an inner diameter of 3" and an outer
diameter of 16.7". In this embodiment, the contact area between the thermal
chokes 750 and the heater 700 range from 20 to 25% of the total area of the
heater 700.

30 The thermal chokes 750 can be made of any material, but are
preferably made of a material the same or lower thermal conductivity than
the material used for the heater 700 and/or the top plate 800. For exampile,



conduction between the heater 900 and the top plate 800. For exanple, as
illustrated in Figure 5 the heater 700 may i nclude projections formng

t hermal chpéesmsidb@eéor the apparatus 100 may include t HRGTHE200508EE 750
separate fromthe heater 700, which are preferably 10 choke rings. The

t hermal chokes 750 in either formprovide a resistance to heat flow and
inhibit thermal conduction between the helder 700 and the top plate 800,
where in order to control the heat flow, the size and the material of the

t hermal chokes 750 can be ust ed. For  ex the thermal chokes 750 can
be narrower orthed eBB”"dﬁ@@% 59%8?@ Page ﬁ%ﬁ?‘"ﬂﬁﬂ@tﬁ&%@’@%ﬁ@f byt are1 5 j f
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In the case where the attachment bolts are not sealed on the outside

15 of the top plate, the points of attachment to the thermal chokes, heater and
showerhead assembly can be confined to vacuum sealed areas. For
instance, as illustrated in Figure 5, such vacuum sealed areas may be
provided between the heater 700 and the top plate 800 by O-rings 95. O-
rings can also be located between various components. For example, O-

20 rings 95 may be used to create vacuum sealed areas between the top plate
800 and the heater 700, the heater 700 and the insulator 600, the insulator
600 and the gas distribution plate 500, and/or the heater 700 and the
electrically grounded ring 270.

Also, as mentioned above, the upper showerhead electrode 200 is

25 preferably RF powered. However, the upper showerhead electrode 200
(and the lower electrode) may be elecftrically grounded or powered, where
the power is provided preferably by a radio-frequency (RF) or a direct current
(DC) power source. Preferably for plasma processing, one electrode is RF
powered with RF power at two or more frequencies (e.g., 2 MHz and 27

30 MHz) while the other electrode is grounded. See, for example, commonly-
assigned U.S. Patent No. 6,391,787, the entire disclosure of which is hereby
incorporated by reference.



the case where the heater 700 and top plate 800 are nade of alum numor an
alumnumalloy. 5 Also, the heater 700 may be attached to the to | ate 800
with fastypegosiaiihet nmay extend through oversized openiB¢FUSH501 75”’8 in
the top plate 800 and into threaded openings in the surface of the ther mal
chokes 750 in the case where the thermal chokes 750 are integral wth the
heater 700. In the case where the thermd¥# chokes 750 are separate pieces
from 10 the heater 700, the thernmal chokes 750 can be attached to the top

pl ate 800 as ind| ate d a onal bolt assing through openi ngs
in the thermal ‘7'%8 @P@erﬂg& gapqrﬁ%e Pﬁ?@&ﬂ@ﬁ " 5§di n the
heater  700. 'éleétﬂﬂié?@%%n%%@td mmlmtieasimfs feﬁééu%ﬁbmgs m%’ﬁeﬂ n the
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r adi o- T 1 eqENCfakERdiMEuIRtoRIT Paferfaly, %@6!’4 as mlspmmn %%He@efeat'af@aﬁa ably for
pl asma processing, one electrode is powered with RF power at two or nore

frequenci es (emgy intoodvee reliability apd neﬁ@ymama @robmwwﬁbrth@lr@guiaﬂye is
grunced. See. oy AR o REBR lcorg BT Al B8 o e, 20 12
2005/ 111267 P(Eichihg proédsbaRatis selective to photoresist, does not produce etch stop,

and reduces the occurrence of striations.

15 The temperature of the upper showerhead electrode can be
maintained at an elevated temperature to minimize the etching rate of the
PR thus minimize the loss of PR and the degree of striations in the PR. For
example, as shown in Figure 7, by using a heater 700 in combination with
the upper showerhead electrode 200, an increase in temperature from about

20 75°C to about 225°C of an exemplary upper showerhead electrode leads to
deposition of polymer and polymer buildup on the PR, i.e., a decrease in
etch rate of the PR from about 20 A/min to about minus 540 A/min where the
negative etch rate corresponds to deposition of polymer and polymer build
up on the PR.

25 This is further illustrated in Figure 8, where the effect of an exemplary
upper showerhead electrode temperature on a corresponding PR etch rate is
depicted. In Figure 8, a C4Fs/O2 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

30 showerhead temperatures measured at an edge region thereof. In Figure 8,
it is shown that the PR etch rate decreases from about 250 A/min using a
showerhead electrode at 20°C, to a negative etch rate (i.e., polymer buildup)



-14 In a fourth enbodi nent, the tenperature of an upper showerhead

el ectrode is controlled to mnimze striations forned in openings in

openi ngs wo peiieened photoresists (PR), which are use®CTHS20¥HEHY f eat ures
in layers such as silicon oxide, for exanple, features such as high aspect
ratio 5 contacts (HARC). One problemarising in etching of narrow features
is that striations may occur on the over1&ing PR sidewalls. The striations
are vertically extendl ng irregularities that result in a rough PR sidewall.
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up on the PR 25 This Is further Il Tustrated in Frgure ere the effect
of an exenpl ar jncregsssn tempearatuedd 1@|5e6tanddlé0f’@nw§pacfnuew @ndzalewshas pondi ng

PR etch rate i E r F6/ 02 ied for
etching feat uragcﬁﬁgeygﬁlp Jg@%ariggl 83h$8&%f"%ﬁ?'}ﬁ?gq %88&%’593 frf'nﬁ?p‘%lgtter ned
PR, where the dpges inmrlgm@dsnbwgﬂfe@d%lémmdatémﬁema@re rangi ng from 20C
to 80C and the 30 shower head tenperatures neasured at an edge region
thereof. In Figure &hus,anuppershowerhead electrode with an elevated temperature

15 can lead to a reduction in the striations formed in a PR during plasma

etching.

A. Heater
The heater 700 may include any type of active heater. Preferably, the
heater 700 includes a metal plate with at least one resistance heating
20 element, where the resistance heating element heats the plate to provide
uniform heating of the upper showerhead electrode 200. Although any
heater configuration may be used, a resistance heating element in
combination with a thermally conductive plate is preferred, where the plate is
preferably made of a metallic material, such as aluminum, an aluminum
25 alloy, or the like, which is preferably machined to a shape compatible with
the upper showerhead electrode 200. For instance, the heater 700 can
include at least one resistance heating element in a plate of a cast aluminum
alloy.
According to a preferred embodiment, heater 700 provides heat when
30 atemperature controller 900 operates the power supply 250 to deliver power
to the heater 700 where the temperature controller can vary a heater cycle



It is shown that the PR etch rate decreases from about 250 A/lmn using a
shower head el ectrode at 20C, to a negative etch rate (i.e., polyner buil dup)
WO 200511 86d0sReRe1/S2005/ 012210 -15 since the etch r aRE/BRIGR21%i nus 1000
Alm n using a showerhead electrode is at 80C. Further, Figures 9a-d are

phot om crographs which illustrate exanples of upper electrode tenperature
effects (70Cin FIG 9a, 90Cin FIG 9b,-®405Cin FIG 9c and 130Cin FIG
9d) on striations caused during etchi ng In Figure 9a, which is the |owest

t t th 9b, which th
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Ciroun er enve 0 R2BpThRe 100 REPRRC. $a8'C ITIARRS A0 H B0 C sver nead

el ectrode t&NPEEEICItce180RD) Sicrdd’ tHe RBpessibwRirheateRcE68E 206, Wlth an el evated
tenperature 15 can_Jead to_a reduction in the striations forned in a PR

during plasma et chihghepler 481w preferablydn tharmay gontapt (igcithebealey type of
active heater. Sr@fr@&i'}f ﬁr?rﬁt?ctsttﬁgz)o&ﬁgfeeér el Hrﬂﬁ}é’tﬂxﬁﬁngﬁérgdﬁggh@t e with at

| east one resistand Erent . where & he Te9) & eating
el enent heats materdisicen be nplhecposéd betwedrothe Hezer argl thie top platepwith tHeower head

el ectrode 200., Al tho ter, confi n nay be us a resistance
heating el emenioR matéﬁlbw&éﬁ?ﬂ%%%m'ﬂe‘gﬂl &‘P[ﬁﬁ‘ Qr&%&%ﬂ%ﬁ'ﬁ?e%gﬁﬁe i s
pref err ed, 1ghefRrindeinkdidc@ 5¢r§Peﬁ.@§faﬁ6w Pthg? %té?fm@ tgraoﬁ{r material, such

as alum num an alum num 2 y, or t whi ¢ er ably machi ned
to a shape conpembinagoniwith the tep pl@meO&Hba@mmtweemhenumpaoo For

nstance, the BAAlSIead tsbag Al IR hed BAF Ine RSPl AR Se 1881 bE0
part of a thermal path to remove heat from the upper showerhead electrode
200 as needed, where the heater 700, in turn, can be cooled by the top plate
15 800. The heater 700 may also be attached to the top plate 800 with
fasteners that may extend from outside the chamber through openings (not
shown) in the top plate 800, in order for the top plate 800 to support the
heater 700.
The heater 700 may also be activated during plasma processing of
20 substrates, i.e., when plasma is being generated between the upper
showerhead electrode 200 and the lower electrode. For example, during
plasma processing operations that utilize relatively low levels of applied
power to generate plasma, the heater 700 may be activated to maintain the
temperature of the upper showerhead electrode 200 within a desired
25 temperature range. During other plasma processing operations that utilize
relatively high power levels, such as dielectric material etch processes, the
upper showerhead electrode 200 temperature may remain sufficiently high
between successive runs so that the heater 700 does not need to be
activated to prevent the upper showerhead electrode 200 from falling below
30 a minimum or threshold temperature.
Heat generated by a RF powered upper showerhead electrode 200 in
a plasma processing apparatus may cause the upper showerhead electrode



alloy. According to a preferred enbodi nent, heater 700 provi des heat when
30 a tenperature controller 900 operates the power supply 250 to deliver
power to wHeodsaaizer 700 where the tenperature control [RETERANARA0 a heat er
cycle WD 2005/ 111267 PCTI US2005/ 012210 -16- tine and state of heating

t hrough controlling the power supply 250. For exanple, a heater 700 can be
powered by up to about 7000 watts with 101lr 12 second pul se cycles to
maintain a threshold tenperature of, for exarrpl e, 80Cto 200C, e.g., 1l00C
to 120C, 120C %8 140C, .140C to 160(; or 160C to 180C across the upper
showerhead ele 9&&8@00&@9@%&%#"@6@% &t Beatsr-y The combINglion obnt act

(i.e., the heayjfynedt@dyd®ahd é%t ﬁf%dot}ﬁa)?% Lﬁgéﬁﬁa%efé%dgﬂ?lea%er and t he

thermal | y conducti ng rraterl s can be interposed betWeen th
top plate) wt pereesmg@pppraiustcmmlnmmranp:mn@esbowemméiemtrade 20{1 erface

properties. rface erties al wfor t ater 700
to control, mﬁ%%ﬂ?fﬁ?&]eﬁp%rﬁ '\'/Qeta&? VRE Rr8§ F@P&dgﬁ'@pef Brel’grﬁbe? Qv?n t he
upper show@rheatb edter taboede 180€C, drievieh dtok asowalsoathlesdﬁcaiép@nm? opo be
used as part of a thermal path to renove heat fromthe ug ower head

el ectrode zootr&plaé@admocwmﬁﬁem@atsandﬂb@ amopnt of heatgenasatedd ed by
the top plate ﬁ%@%r pﬁ/e tﬁ&ﬁé‘?@b a#%‘f’en%ﬁlyﬂﬁeeacgﬂﬁﬁgéﬁori E\ethEOp plate

800 with fasten rom out si rough
openi ngs (not heatenidd0 endtthetdpaplatd 80G:caObe used tu dehiev@and neaintain a)l ate 800

t t th heat 700. . Th t 7 0 b t
oo b eaESIG lerpperate ol dsusher showgraacAlacieds 200 Kihhalior ol ed
bet ween th@OUpBRfcesﬁh@‘fﬁ'éH%ﬁaﬁbﬁéF bpéisro’e%u@fm i &emk haeﬂh??"éhro e. For

exanpl e, during plasim processing operations that ut| lze relatively | ow
| evel s of appl Ekewerhead eleatragertempetatuiedoreaach wafenpaocassedauring abe acti vat ed

desired 25t enplhEIPERRLbE=ba i BRI MR RS R BB RS, one
utilize chamber.
In order to minimize galling of the opposed surfaces between the

15 heater 700 and the top plate 800 due to differential thermal expansion, a
lubricating material 700 can be provided between the opposed surfaces of
the heater 700 and the top plate 800. Alternatively, the lubricating material
can be provided between opposed surfaces of thermal chokes 750 and the
heater 700 and between opposed surface of thermal chokes 750 and top

20 plate 800. For example, as illustrated in Figure 5, a layer of a lubricating
material 760 can be placed between an upper surface of the heater 700 and
a lower surface of the top plate 800. Preferably, the location of the
lubricating material is on the atmosphere side of a vacuum seal defined by
O-ring seals.

25 The lubricating material 760 preferably has a low level of contact
resistance in order to minimize the galling caused by movement between the
opposing surfaces. Additionally, the lubricating material 760 preferably has
sufficient thermal conductivity to provide for sufficient heat transfer from the
heater 700 to the top plate 800 and/or thermal chokes 750. It is noted that

30 the lubricating material 760 can also be used on other component surfaces
such as between opposed surfaces of the heater 700 and the insulator 600,



relatively high power |evels, such as dielectric material etch processes,
the upper showerhead el ectrode 200 tenperature may remain sufficiently high
bet ween s §%0§ lYﬁduns so that the heater 700 does notpgrgesiodsmiizeo
activated event the upper showerhead el ectrode 200 fromfalling bel ow
30 a nininun1or threshol d tenperature. Heat generated by a RF powered upper
shower head el ectrode 200 in a plasm progssing apparatus nmay cause the
upper shower head el ectrode WD 20051111267 PCT/ US2005/ 012210 -17 200 to vary
in tenperature without the use of a heater. The conbination of the heater

700 and the t ogndibrbetwden thegab distritadionrplate[506fand the uppes showprheadssi ng
apparatus to IT%I nt ai, n @@ upper shower head el ectrode 200 threshold
tenperat ure ab®6eredef@0et er mi ned t enperat ure, at or above 5 80C, at

or above 100C or cxPfef@rodmaAERIAINEiddS Hosd 396;9&&.@9 #RSfapilae Pl asm

processing requirements and ner at e e upper
shower head el exgfesigh suob . asPGRATQIN, \Whichés comtiiencialiyoavailablefeomidGABr 700 and

Lempor ot r & of CoEERe ke Rod OBy e Gt Refn il BHEE L cci ng

of an initial aghsketdiaving priferredthickness bf aBouttad nirkhtts rabdnpd 96 isdwer head
el ectrode tenperature for each wafer processed during a  production run

wherein a bat cw%m%pé&fgraby Mt Ol inchndhgyulyicating nﬁﬂ*@"'al&%@er I n order
o o 7S JohistnRla G SOARRAGELEHTAREA iPSh WRRMIEl ebest o 6 2700 and

the top plate er mal “expansi on rrcating
materi al 700 csurfdoe qframcirdmhdﬁtmmhras,Ifm'exppmmetweémmmﬂter?@@ah@ater 700

d the t | 3 | t t th t t b
provi ded 5L neaihes i et 750 Hnollt e menBatatowe apentg tah alate 808 ear or 700
and between opposedTidinéaee 700 |ridllﬁfé%Pé héé‘ti?igﬁﬂer?\%ﬁt Q\Hﬁ'cﬁ %Qeﬁéka"dlyfbéoo For

exanple, as illustrated in Figure 5, ¥er of ubrlcalng erial 760
can be pl aced a®atalia heatingplement of ad@mtsra & wih ﬁd&ﬁl@tlvelmbeated materigher

surface of theytoddl BaifeBAUppbsed RiyBR 8 a pGFmeRE MdBRaI° FdrMkample, a

metallic heating element may be a heating element in a cast metal heater
15 case or a heating element located in a channel formed in a heater.
Alternatively, if a laminate heating element is used, the laminate shouid be
able withstand the operating temperatures up to 200°C reached by the
heater 700. ltis noted that if a laminate heating element is used, the
insulator 600 may be optional as the laminate material in the laminate
20 heating element may act as an electrical insulator. An exemplary polymeric
material that may be used in the laminate is a polyimide sold under the
trademark Kapton®, which is commercially available from E.l. 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



| ubricating material is on the atnosphere side of a vacuum seal defined by
Oring seals. 25 The lubricating material 760 preferably has a | ow | evel of
contact rweiedsance7in order to minimze the galling cabCSEHS2905HAN8ent

bet ween the opposing surfaces. Additionally, the lubricating nmaterial 760
preferably has sufficient thermal conductivity to provide for sufficient
heat transfer fromthe heater 700 to thel®op plate 800 and/ or thermal
chokes 750. It is noted that 30 the lubricating material 760 can al so be

used on ot her c¢onponen faces such as between osed surfaces of the
heater 700 and HER Higta St Ry 5 uhA 19 688 e neatet Al SRfiboBeomseto < 16-
and/ or bet ween shbgefhtadtIsétrdd 2P RaR] AbANAIPAtIRPEsSIRG thiBlgh i Rysepead
el ectrode 200. A preferred material that provides thése properties is a
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about 0.06 bnchVhermimdtailedgtherstioweriegd adseumiblpfiferabbhcovEne tHeulridepsitle ng

material 760 is referably a ring shaped gasket retained in an annul ar
recess formed Qht tog@?tg@odpsge %ﬁ%ﬁ@h@? such as, for exanple, between

the heater 700 and fiedog BRi&BOO GRS otfibleod phlsidslmfifigufad and

the top plate 800. ater 700 1 ncludes a heati ement, “whi C
preferably be adempesatuiezconrtralieddluid mayibe cinculatédinT inatempérature-coatolied vel y

heated material, . dis ed  betwe opposed ,l ayers of. a pol ric terial.

For exanpl e, af'”l‘?ﬁ?ﬁ%@dq%atﬁ%gﬁanﬁéﬁH'9W§8f gaﬁeﬁ't" ag’gg'éwn&?n a cast
netal heatep HaiohisR! Wated n@aftiohae i ®piplate@Toestefdtably Flidionk ak@nm™ed in a
heat er. Alternatlveq% a | am nate heati ng element is’used, the | am nate

Choul @' be  abl Slegtia _ aeaun me Weasca het sindeien the @ppsrafys 180 tbe beatriched by
i noul ator 600 199 A i8B! Swerhefs LECBA 20000 b AR, Tt 0
heati ng el enent may (.flct ﬁn%@rﬁh?ecééﬁsco% i nsul ator. An exenplary polynmneric
The apparatus 100 may include one or more temperature sensors
15 950, such as thermocouples or fiber optic arrangement to monitor the upper
showerhead electrode 200 temperature. In a preferred embodiment, the
temperature sensor(s) 950 are monitored by a temperature controller 900
which controls power from a power supply 250 to the heater 700 and/or
controls fluid flow from a fluid control 850 through the top plate 800 as a
20 function of the monitored temperature. Therefore, data provided by the
temperature sensors 950 to the temperature controller 900 allows for the
power supply 250 or the fluid control 850 to be activated by the temperature
controller 900 to supply power or cooling fluid in a continuous or intermittent
fashion to the heater 700 and/or the top plate 800, respectively so as to
25 heat, cool or maintain the upper showerhead electrode 200 at or around a
predetermined temperature or temperature range. As a result of the active
heating and/or cooling, the temperature of the upper showerhead electrode
200 may be prevented from decreasing below a preset minimum
temperature or threshold temperature or increasing above a preset
30 maximum temperature, or may be held at or around a predetermined

temperature.



material that may be used in the lamnate is a polyimde sold under the
trademark Kapton(r), which is commercially available fromE.|I. du Pont de
Nenours amnwoQorspamy? The heater 700 may have one or nor%cﬁﬁ%ﬁ“i’%z@Penents
arranged in 25 any suitable pattern that provides for thermally uniform
heati ng across the upper showerhead el ectrode 200. For exanple, the heater
700 may have a regular or non-regular pad@ern of resistive heating |ines
such as a zig-zag, serpentine, or concentric pattern. B. Top Plate 30 The

top plate 800 prefegably onbi nation wth the heater 700 to
control the terrperabure h‘n’% E'E(f%}ﬁgmrhead el ectrode 200, where WO
2005/ 111267 PCT/ USZ@ﬁ’é/aBéé’r%ﬁ%wd%strﬁénﬁdﬁédFﬁb%‘vS l%‘égd%\/lnt%%dlésaegaéo cool the

heater 700 and/or the uppe shower head el ectrode 200 via a the pat h
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al um num or an, g ctive materi al
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Tenper at ur e Seﬁ%gﬁ der%BB {5‘ PLEqN E@Ob%&?ﬁﬁz "H&Et Soffo setgﬁperat ure
sensors 150 95@xamp) cemmidiy 58 B8. Paténttes. 62508,9123r WhHiGH dMRMses@ Noni t or
t he upper shower head el ectrode 200 tenperature. In a preferred enbodi nment,

the tenper at ugas disiduition)sysism tar Prepassingraserpizonduinpaubatiate whight r ol | er 900
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gas to zones in a chamber, and is hereby incorporated by reference herein
in its entirety.

15 A preferred embodiment of a gas distribution member 500 is
illustrated in Figure 10, wherein the gas distribution member 500 includes a
radially or laterally extending circular metal plate 505 and an axially
extending cylindrical hub 508, where both are preferably made of aluminum
and are coaxially aligned at a contact area 170, so that gas provided to the

20 axially extending hub 508 can pass through the metal plate 505 to one or
more plenums at the backside of the showerhead electrode 200. The hub
508 and plate 505 can be formed from a single piece of material or multiple
pieces of material which are bonded or mechanically fastened together. As
illustrated in Figure 4, the axially extending hub 508 and the metal plate 505

25 can be one piece of material. Alternatively, the plate 505 can comprise two
overlapping plates bonded or mechanically fastened together, e.g., another
metal plate 106 can be attached to a lower surface of plate 505 with gas
channels therebetween for supplying process gas through outlets in plate
106 into a plenum or plenums between metal plate 106 and electrode 200,

30 asillustrated 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.



controls fluid flow froma fluid control 850 through the top plate 800 as a
20 function of the nonitored tenperature. Therefore, data provided by the

t enper at urwoe0ss01%7950 to the tenperature control | er 9BEVHPIBYY2MY, "t he
power supply 250 or the fluid control 850 to be activated by the tenperature
controller 900 to supply power or cooling.fluid in a continuous or
intermittent fashion to the heater 700 a@Hfor the top plate 800,
respectively so as to 25 heat, cool or maintain the upper showerhead

el ectrode 200 at or 0 [ : ] { rature.or.tenperature
range. As a result oAfg% %gﬁg%{rﬁp\?ﬁﬂm{r%g%ﬁgﬁggafiIdﬁﬁﬁl?u%ﬁ'énng@ﬁﬁﬁrature of
the upper shows00eafl bel esed tedflivéiORF maweb fronT # REb@Wer SUPPIVEISTO RAthieng bel ow a
preset mininmumtenperature or threshold tenperature or increasing above a

preset 30 nmaxMRRAY shawrrhaad electrade 0. 8., kT Rower BemaanBh geaemtetearer i ned
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a plurality of gas supplies and gas supply lines for delivering m xed gas
to zones in a é’gﬁ%‘s,P% ¢ Figures,10 ?R&éﬁp@(&i‘@@mlﬁ/ kikewisenthe axdlti n i n

sl s SRERSRGPH SR ROl ogea i ch RS RIS 001,

more axially extending gas feeds 110, 120 as illustrated in Figure 10. Using
the gas feeds 110, 120, conduits 151, gas passages 160 and outlets 115,

15 122, 125, the gas distribution member 500 may provide gas distribution to
one or more plenums at the backside of an upper showerhead electrode
200, wherein the gas passages 160 are connected to one or more gas feeds
110, 120 in the axially extending hub 508 through the conduits 151, as
illustrated in Figure 10. Thus, different process gas chemistries and/or flow

20 rates can be applied to one or more zones across the substrate being
processed.

In an embodiment, as distribution of gas flow can be accomplished

without the use of baffles, e.g., the apparatus 100 may contain control points
128 to control the flow of gas from the gas supply 550 to the outlets 115,

25 122, 125. These control points 128 are preferably constrictor plates which
can control the amount of gas flowing through control points 128 and thus
the outlets 115, 122, 125, as illustrated in Figure 10.

Preferably, the gas distribution member 500 includes one or more gas

seals or barriers in contact with the upper showerhead electrode 200 in order

30 to direct gas through the gas passages into one or more plenums at the
backside of the upper showerhead electrode 200. For instance, an O-ring
barrier 180, as illustrated in Figure 10, between the underside of a metal



radially or laterally extending circular nmetal plate 505 and an axially
extendi ng cylindrical hub 508, where both are preferably nmade of al um num
and are cowoizabd/M1BFi gned at a contact area 170, so thaPCHES208YH¥?18ed to the
20 axi ally extending hub 508 can pass through the netal plate 505 to one or
nore plenuns at the backside of the showerhead el ectrode 200. The hub 508
and plate 505 can be forned from a single2$rece of material or nultiple

pi eces of material which are bonded or nechanically fastened together. As

illustrated in Fi 4. .1h ai. extendl 0 ndth netal plate
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505 with gas 6hewaeadialestrads 25 e.9.02 cenisy)Iplemyn J96 arsksanyaster hleough
outlets in pl ay % 106 into a plenumor plenuns between netal plate 106 and
el ectrode 200, Bas illustrated in Figure 4. Alternatively, an axially

ext endi ng h8b 508 aﬁde@as%pﬂt}éﬁw cart providedine &Qﬁomalﬁdﬁmﬂél g§§b dsrg:s
di stribution plate 500, as strated in Figures 1 and 2. WO 2005/ 111267
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supply 570 to the upper povver roman RF
generator can flow ratgspifiteel saing process gasandiomdifferent gaseRFon gasimixtures¢st i on on

the hub 508 5 s may__be plied rou xi al I 'y extending
hub 508, the '&P‘g ‘%Fé’ggﬁo%%é gf(,sr%étgglt'tf@ 6@%93% %‘&Pf@?"e‘éﬂ%de 200.
In a prefenoedoegtg@mmmuctdrrs@bgﬁét@[ pl ate 505 includes cross-bores through
its bulk in order to forman annular distribution conduits 151, radially

extendi ng gas passages 1fRuidiof | uid comuni cation with conduits 151 and 10
axially extending gas outlets 115, 122, 125 in fluid comunication with
passages 160. See FTgeta@palmu&myBlso include anrip$uator iBROWhieh is peeferebbl | vy

ext end! ng, M. S0y AR BB AR G RB S o P b BB ™S g

ceramic, such as aluminum nitride or boron nitride. This insulator 600 is

15  useful for helping isolate RF power applied to an upper showerhead
electrode 200 from other power sources and other electrically conductive
parts associated with other power sources, such as of the heater 700.
Therefore, the insulator 600 can allow for a heater 700 to be isolated
electrically but placed in thermal contact with the upper showerhead

20 electrode 200 so that the upper showerhead electrode 200 can be heated
with decreased electrical interference between the AC or DC power of the
heater and the RF power of the upper showerhead electrode 200.

The insulator 600 is preferably sized to substantially fill a region

between the gas distribution member 500 and the heater 700, but can also

25 be shaped to include a second portion 620 that electrically insulates an outer
edge region of the gas distribution member 500. However, the insulator 600
is most preferably shaped to electrically insulate the heater 700 and other
electrically conductive parts, such as the top plate 800, from the RF power
applied to the upper showerhead electrode 200 and its associated

30 electrically conductive RF supply path, such as the gas distribution member
500.



the gas feeds 110, 120, conduits 151, gas passages 160 and outlets 115, 15
122, 125, the gas distribution nmenber 500 nay provide gas distribution to
one or norwopbesmms’at the backsi de of an upper shower hBGHUS08Y¥}12HAe 200,
wherein the gas passages 160 are connected to one or nore gas feeds 110,
120 in the axially extending hub 508 through the conduits 151, as
illustrated in Figure 10. Thus, different2process gas chenistries and/ or
flow 20 rates can be applied to one or nDre zones across the substrate being
processed. In an e

. I, .E fl b i shed
wit hout the use of "gﬁa?'lf’eéﬁy éh%'"sufﬁtl.%r '3;9 ?'ﬁb ss'g&}g Owﬁf%ﬁnalﬁ ggﬁf?& e

points 128 to tEPhinkd Roviel @f’\éléétrlﬁéﬁnﬁl%ﬁﬁ?fﬁkﬂﬁtéﬂﬁﬂﬁéd’ [),é%efshe
outlets 115, 25 122, 125. These control oints 128 are era

constrictor pl &oEexampleh andesulatontayer GO(DIQFCMdQSﬁ'm a)23C§hExelan\M plgsmr ough

control p0|nts 125, as_i.l |l ust ted I n

Fi gure 10. Pref e%%g?f}qﬂ%ﬂﬁagtgt&glegF%J,nﬁfﬁ%eéﬁ@ﬁﬁé{ra% th%geﬂgréese 8{1 nor e
gas seals 5r Ipessentapplicationnéacihe sizel td beahiglmnsys dweven lieath €0a6éH, ode 200 in
order 30 to direct %a hé%’o\%&ﬁhe gas Eélssa es into. one or nore plenuns at
t he backsi de ofMrRr Sb@%‘y ngh, 81%-péaabodid-7adch. nst ance, an O ring
barrier 180, as illustrated in Figure 10, between the underside of a netal

WO 2005/ 111267 PCT/ 55200§Pb§$§23mb19322 pl ate 505 and the backside of an upper

shower head el ect rodfn %rfﬁ%&%ﬁ gggPect rod‘gﬁé‘b@brﬁé gmgsapg%%% ﬁoghe net al

pl ate 505 and the upper 1 enum
190 and an out eneghiaaivahfasidters 5reTemp@@ed mjpplki)théﬁarrrp@nemsanIpdhz:ecrelatioe mor e

i ndi vi dual s or Xt ur to.r ective uns at the backsi de of
t he shower ﬂ&ad %pg%@ﬂg@@rnb’(ﬁfera%& E’Bﬁ%ar‘? meeanicdlenuns can be
supplied with @lasftéﬁér@wvheffé oS @fe 9§ed fbeat%ﬁeea%%tfefﬁé cgﬁ@oﬁéﬁls%th‘ﬂ*\ fferent

gases or gas m xtures’ achi eve a desired process gas tribution in the
gap 400 duri ngtfpﬁemetus@0010°r@ferabb'etwcwepanatecaubeembbe33are used to

simplify assembly of the apparatus 100, as well as to facilitate the

maintenance and replacement of components within the apparatus 100.

15 In order to form the first subassembly, an upper showerhead
electrode 200 is attached to the gas distribution member 500 by bolts
passing through the gas distribution member 500 into threaded openings or
threaded inserts in the backside of the showerhead electrode 200, which in
turn is attached to the insulator 600 by bolts passing through the insulator

20 600 into threaded openings or threaded inserts in the backside of the gas
distribution member 500. In order to form the second subassembly, the
thermal chokes 750 are bolted to the top plate 800 by bolts passing through
the top plate 800 into threaded openings or threaded inserts in the backside
of the thermal chokes 750 and the top plate 800 is bolted to the heater 700

25 by bolts into threaded openings or threaded inserts in the backside of the
heater 700. Then the first subassembly can be attached to the second
subassembly by bolts passing through the top plate 800 and the heater 700
into threaded openings or threaded inserts in the backside of the insulator
600. In general, the second subassembly is intended to be used for a longer

30 period from than first subassembly, i.e., the first subassembly can be
replaced while the second subassembly remains in the apparatus.



E. Insulator The apparatus may al so include an insulator 600, which is
preferably thermally conductive but electrically insulating, and is nore

pr ef er abl ywe 206sanesi ¢, such as al unminumnitride or boro‘FFW’?’P?SéPé?ZIQ'hi s

i nsul ator 600 is 15 useful for helping isolate RF power applied to an upper
shower head el ectrode 200 from ot her power sources and other electrically
conductive parts associated with other p#wer sources, such as of the heater
700. Therefore, the insulator 600 can allow for a heater 700 to be isol ated

| ectrically but pl in th l,. tact w th . sh head 20
cl ot r ode 200 so | naASTRBAY, A8 meioRe rBave bBrdig BEEraLls HEtetEaN ed i ¢
decr eased el echrdvidid hVaRUTRT KMI0 FSgIER bt eAGRbsEE sIRURSs GFfvaribas heat er

and the RF power of the upper showerhead el ectrode 200. The insulator 600 is
preferably sizeompenenissfiie apparatusi 100 tg miagniga gallisgween t he gas

di stribution nenber I aped to
i ncl ude a second pof??qgw%gg(?%pﬁ‘ﬁ%g@@tﬁ%gl1%“?%@%[‘ %&@%Sgﬁ%&gm@egge
regiton 01]: mgl mﬁsw?m: Wh{ [ ”htﬁ@(lppl t thhei@eiebﬁac?l%%OOﬁrbtﬁogh °
nos refera shaped to el ectrica i nsul.a e heater and ot her
el ect rpi cally c\é}ﬂﬂg&\%'bﬁﬁ% @ergfeﬁrrﬁoégaﬂﬂ%Olt%ngf%&faS@@mg ﬂ"?cﬂ%st he RF power
appl i ed to hequRifion MAMRBERSSH Fhe e iRSRaRP BBN Fuihir 3fia 8gbad 30

uc F supply path ri

el ectrically con tive path, such as the gas dis uti on nenber
500. WD 2005/ 1sukzsssen®dly U820 pmferebRiiociudes boitikif40 whidh fastenitheitos plate or i s

Do or gt or B0 O PerHEl chokBS 755 B RAlE 103N e Blsdh fie bppiteaBl” ' "
provided ifMga #3fe HegrbrroiV RitérhaRvely WReHRI choReY T 5E Ear 8E batted B BRS €ar Ch

Corporation, the assignee of the 5 present application, can be Sized to a
t hi ckness bet we&@ tothe heater 600 pder, to belting the dhermead chokess75Gtathe topplatee. g. |
0.5 to about 08§$ inch. F. Subassenblies In order to structurally support
t he conponents of the apparatus 100,

In a preferred embodiment, as illustrated in Figure 12, the parts of the

subassemblies 1000, 1100 include fasteners 900 located in stepped

15  openings in lower surfaces of the parts to allow bolts from overlying parts to
pass through aligned holes and thread into the fasteners. Details of such
fasteners are provided on commonly-assigned U.S. Patent Application Serial
No. 10/623,540, the entire subject matter of which is hereby incorporated by
reference.

20 While the invention has been described in detail with reference to
specific embodiments thereof, it will be apparent to those skilled in the art
that various changes and modifications may be made, and equivalents
employed, without departing from the scope of the appended claims.



mechani cal fasteners are enployed to hold the conponents in place relative
10 to one another. Preferably netal bolts are used as the nechanical
fasteners, where the bolts are used to ?étach each of the conponents within
t he apparatus 100. Preferably, two sepafafe subassenblies are used to
simplify assenbly of the apparatus 100, as well as to facilitate the

mai nt enance and repl acenent of conponents within the apparatus 100. 15 In
order to formthe first subassenbly, an upper showerhead electrode 200 is
attache t istribution nmenber 500 by bolts passing through the
gas dis§ﬂ§§3€ggﬁgﬁéﬁﬁgﬁg500 into threaded openings or threaded inserts in
t he backsi de of the showerhead el ectrode 200, which in turn is attached to
the insulator 600 by bolts passing through the insulator 20 600 into

t hr eaded opehi ngsAchowhrheadielgctredeeassambly, qompristngk 8 shievarheadnadeqrade adapted to

di stribytion mber. 500. l.n order to.formthe second.subasse t he

thor mal 0% RORRET 7551 iyt of f B LRt piibteB s paFetE80 MiyS HERRSRTRLE i fough
t he t opradicatreyBAy (RI)AisthbeaspdenPanitadedad tHdvhoddadall BRefrbS, Whetdietheaaksi de
of the thermal chokes 750 and the top plate 800 is bolted to the heater 700
25 by bdistributinn senthee agbles p dinst pggionradapiee sedendwaaltysiniman openbedkgi de of
the heater 700. Th the fir subassenbl y can, be .ached to the second
subasselBr e eadaE Al T UE AT el BRLPE Bou ERahen el or 700

i nto t hiRaRh PRLBADEStIGh emﬁ@iagqaﬂeﬂan? 80drhd Shoeehdaekstid8e, ahd pRsidiRg HIRat or
600. In general, the second subassenbly is intended to be used for a | onger
30 per i pathfto omltieporftact poinsudrassdhdshpwerhead elertiedd;, iand & thanmakpatibleynbean be

repl aced i h cond.subassenbly remains int ppar at us

obs: 5 1 1 P RS EER B R RS RS ol bl Ra RPN Rt St Wtmal patn
| ubri cabii@eme@bp Malllof RN RLaiRRhYmbarAMitktedcbil YREUH BT BRHA RBLRIbLEEH ONS
bet ween opposed surfaces of various conponents of the apparatus 100 to

m ni mi z&egael forte shrvedrbeagislisetrode. i | | ustrated in Figure 12, the first
subassenbly 1000 5 includes bolts 225, which fasten the upper showerhead
el ectrode 200 into the gas distribution nmenber 500, and bolts 930 for

fasteni ng the gasThe showerhead electrode assembly of claim 1, wherein the thermal path member

comprises a thermally conducting, electrically insulating body.

3. The showerhead electrode assembly of claim 2, wherein the thermal path member

comprises a nitride material.

4, The showerhead electrode assembly of claim 2, wherein the thermal path member

comprises a plate of aluminum nitride or boron nitride.

5. The showerhead electrode assembly of claim 1, further comprising a heater
forming at least a portion of the thermal path between the temperature controlled top wall of the

vacuum chamber and the showerhead electrode.



di stribution nenber 500 into the insulator 600. Further, the second
subassenbly 1100 preferably includes bolts 940 which fasten the top plate
800 to the thermal chokes 750 and bolt 10 which fasten the top plate 800
10 to the heater 700. Alternatively, tHermal chokes 750 can be bolted by
bolts 950 to the heater 700 prior to bolting the thermal chokes 750 to the
top plate 800. In a preferred enbodinent, as illustrated in Figure 12, the
parts of thed. subBiesapierhesd elgomoderaseamblyof aldim Pawhessr he 9oBnibhc firddr i n

st epped ings. in rhsurfaces of the parts to ablow bolts from
overl yi 1§ p;g%??%;net% m%rgse le% ! Cragﬁg Sugﬂ%flg SIS Sélgr Oﬁﬂ%ng ﬁlﬂee}gg %ilsrtl'itl)l?)uutoﬁénergber

f ast enedrgl. thOsHowerlseadfelgole. f ast eners are provi ded on conmonl y-assi gned U. S.
Pat ent Application Serial No. 10/623,540, the entire subject matter of
which is hereby incorporated by reference. 20 Wiile the invention has been
descri bed i n, det af ' ific.ce Len hereof, it wll
be apparentn%o tﬁQ%g*@&?ﬂF@@3#§9§ﬁg%§??ﬁ9?ﬁg?h§grﬁﬁﬁgug%gﬁggérgﬁﬁﬁe

modi f i cshoinerteadralyclbederarel @dapiditiocoMadcsddl ts a temipéraiedcontdileput departing from
t he scope of the appended clainms. -25- WHAT IS CLAIMED I'S: 1. A shower head
el ectrode assenbly, conprising: a showerhead el ectrode adapted to be

nmounted in ag i ntgLior C r o] - adi r ency
Ut ed 1 28, B Gyl CRCHHR KOS or A RORAEE R e R EASNERS
shower heaglsiefaee bf d@deheatsh &icaignhé b Wi di stribution nmenber includes a first
portion adapted to extend axially into an opening in a tenperature
controlled top wall of the vacuum chanber, and the RF distribution nenber
i ncluding a geco rt i r al Ve e ead.

el cct rode. “and. pr o Sk ket AR RGP ot 3L ShelcFr SARMBLOE R bss e
shower hgad] BdBcdndedesistanet lkatihgeldmlenpat h nmenber attached to the RF

di stribution nenber and adapted to provide at |east a portion of a thernmal
path between the top wall of the vacuum chanber and the second portion of

the RF di sti|pution, (iubenbRdiis. SUAHELP9M: flseahtaen e dhE s fiRper head

el ectrode assenbly o er el ermal p nprises a
t her mal leyisg@tdhedted@ateeibEdibpise@ bétwebmspioatd RFel@d¥.polymeric material.
11.  The showerhead electrode assembly of claim 5, wherein the heater comprises an

alternating current or direct current powered heating element.

12.  The showerhead electrode assembly of claim 5, further comprising a plurality of
thermal chokes adapted to provide at least a portion of the thermal path between the heater and the

temperature controlled top wall.

13.  The showerhead electrode assembly of claim 5, wherein the thermal path member

contacts the heater and the RF distribution member.



3. The shower head el ectrode assenbly of claim2, wherein the thermal path
menber conprises a nitride material. 4. The showerhead el ectrode assenbly
of claim2, wherein the thernmal path negber conprises a plate of alum num
nitride or boron nitride. 5. The showerhead el ectrode assenbly of claim1,
further conprising a heater formng at |east a portion of the thermal path
between the tenperature controlled top wall of the vacuum chanber and the
shower head eldect rBweshowgheageleqtredestsssminebelaion dcvherdim the B&rdistyibatforc| ai m 5,
wherein_th s further conprises one or nore electrically insulating
nenber§néag?%§%§g%%ythe RF distribution nmenber and the showerhead

el ectrode. 7t leﬁbtanﬁig@mﬁagse@as@b@@ﬁg@deesagsﬂrashhybmksﬁb@ifm&howﬁﬂfe@dn the
heater and the showerhead el ectrode are adapted to be connected to a

t enper &¢ft®deontrol l er. 8. The showerhead el ectrode assenbly of claimb5,
further conprising thermal chokes on a surface of the heater facing the top
wall. 9. The shower head el ectrode assenbly of claimb5, wherein the heater
conprises a 15ret arhebbdwediead alett@sdesdseuntisy beelkind ¢4 elisreintthe RO .disthisutihower head
el ectrode assenbly of claim5, wherein the heater conprises a resistively
heat ed RenBTcamPESe o el apcilaate ppdanexiplhy evtending hulhenaxisd Wit theplaid al . 11.
The sh . e y..of .clai i eat conpri ses
an al ?‘)gﬁééglﬁ ?ﬁeg&é%ﬂée)ﬁ%dér |re(§talt %&Ftroélﬁtamﬁom%elgaﬁégf ig' E%Sggegsﬁlgh]ly.mglz The
shower hgaekseb&abronder amserdlallyeikietbmigab padsaifes e theGAERY pisteNehich §drbihahichty Of
t hermal chokes adapted to provide at | east a portion of the thermal path

bet weenWithanheraneie gapguilgie facingthe bagkside of distshevrdgad eisctigde . 13. The

shower head el ectrode assenbly of claim5, wherein the thernmal path nenber
contacts the heater and the RF distribution nmenber. -27- 14. The shower head
el ectrode askenbl Pheathooksicad dlectbdr Skdmblhef Raimlil S whdérbini the at I8BBAE gas

conprises: at |east one gas passage. supplying process gas to the backsi de of
t he shovassase 8ftheaxidly egtgading hub supplies process gas to a central conduit in communication

with a first group of the radially extending gas passages.

17.  The showerhead electrode assembly of claim 14, wherein the RF distribution
member includes first and second axially extending gas passages operable to supply process gas
to discrete central and annular plenums at the backside of the showerhead electrode, wherein the
first gas passage is adapted to connect a first gas supply to the central plenum and the second gas

passage is adapted to connect a second gas supply to the annular plenum.

18.  The showerhead electrode assembly of claim 17, wherein at least one gas seal
between the RF distribution member and the showerhead electrode separates the central plenum

from the annular plenum.

19.  The showerhead electrode assembly of claim 14, wherein the RF distribution
member comprises a metal plate, wherein the metal plate comprises at least one gas conduit
supplying process gas to at least one gas passage, which in turn supplies process gas to at least

one gas outlet.



15. The shower head el ectrode assenbly of claim 14, wherein the RF
distribution nenber conprises a circular netal plate and an axially
extending hub coaxial with the plate, wherein the axially extending hub has
at | east one axially extending gas pas€8ge supplying process gas to one or
nore radially extending gas passages in the netal plate which communicate
with one or nore gas outlets facing the backside of the showerhead

el ectrode. 16. The showerhead el ectrode assenbly of claim 15, wherein the at
| east one gas passage of the axially extendi ng hub supplies process gas to

a central ccofdui tThershewaihgnd elaetrests assgmitdy af elping d 4. givimipindbe REdlistabytion) y
eXtend'rﬂ%ﬂ%%ﬁ@%ﬁ%ﬁ&zm&&m&ﬂ% n@H&%ﬁQﬁ@% 18&?8&5 &%%e gg?ﬂl%ty of claim 14,

wher ei I on I'nc econd axially
extendi ng gas passages operable to supply process gas to discrete central
and annularéﬁlenuns at the backside of the showerhead el ectrode, wherein the

first gas p sagénm§hﬁH@@F@Hd@@“&@ﬁﬁ%%ﬁmépf??@Qlﬁdﬁh@ﬁﬁﬁhWRfdh$%@H5@ntra
| |
P ot he OB ASR I 9050 RARTRRE R BRE PR RS AT ECH S REGARG o800, SUPPLY

wher ei muglkets| east one gas seal between the RF distribution nenber and the

shower head el ectrode separates the central plenum fromthe annul ar plenum
19. The shower head el ectrode assenbly of claim 14, wherein the RF

di stributi Orhy Me %rshg&gﬂm he ERcfo ?émlﬁ* af aalme\g}ﬁér@m tﬁg weq'tl ﬁ% HcFrode

conprises at east one COI’ldU I ng proce S east one

gas paslga@@ted/wbeipowarddwym §ugelﬂfq$ovwr@m§ gas to at Ieast one gas outlet.
-28- 20. The shower head el ectrode assenbly of claim 14, wherein the RF

distribution menmber includes a RF power input connection and at |east one

process gas jinl ety e%%Bwlﬁl%aéQl%X‘@n%&ea%‘gen%lfﬁk519191?1ax§/ﬁ | Qﬁo&érgéa'a]e]}e%’trode

wherei n the di's ution I'ses gas condu

ext endiifgudas Pacmadesrodadlatevith lgys emteemh 0 ddsthereuf hied he ogﬁosnmele

shower head el ectrode assenbly of claim1, wherein the showerhead el ectrode
i s adaphegf qr@elﬁﬁtoeém)@@r@&dwaﬁa@i%mémhe fikigongathideor grgphiteHa comiagierifioty
electr ﬁ’ﬁg lmgla|n11 wherei n the showerhead el ectrode includes a
S|I|con e ectrode ate with gas outlets on one side thereof and the
opposite side therefore el astomer bonded to a backi ng nenber of silicon

carbi de or gr@aphiA @aédunt Sitindse c¥phsihf ehe showerhead electrode assembly of claim 5,

further comprising:

a temperature controller;

a power supply adapted to supply power to the heater in response to the temperature
controller;

a fluid control adapted to supply fluid to the temperature controlled top wall in response to
the temperature controller; and

a temperature sensor arrangement adapted to measure the temperature of one or more

portions of the showerhead electrode and supply information to the temperature controller.

25.  The vacuum chamber of claim 24, wherein the top wall of the vacuum chamber is

electrically grounded.



RF distribution nmenber. 24. A vacuum chanber conprising the shower head

el ectrode assenbly of claim5, further conprising: a tenperature
controller; a power supply adapted to %Pply power to the heater in response
to the tenperature controller; a fluid¥ontrol adapted to supply fluid to
the tenperature controlled top wall in response to the tenperature
controller; and a tenperature sensor arrangenent adapted to neasure the

tenperature of one or nore portions of the showerhead el ectrode and supply
i nformation the t erature..controller. 25.  The vacuum chanber of claim
24, wher i n The toP T olgPh e RLG RS TeREDEmPESIng, OB et PSP oG EOURAE.

- 29- 26|ashd@ENAE clm e Eﬁrb@%ﬂ 4 BRI RGIR] L6 dd, Migh %I‘é@é’@ loh$ 1B ingSH Ydpnd
process gas to the plasm e chhgg chanber through a shower head el ectrode,

t he pr deeseenghsstfavwenhaad elastrodaanmbpbothen wleetmodernn whishershmicdndiicer substeataisd a
bot t | d whi ch ' t bstrate,i ted: .
ot cht g IR euhdaue e SSofenii e R RE SRR S RO bt SRR i ng

RF povwjwek @ thB8hshaneid@adral 8l ERGBizANUNE PRICIsZal thib ADIRARACESS iRSeih MO a
pl asma state, wherein the RF power and the process gas are supplied to the

shower tladoetrandrthelprobsssgag ars supgliaditb the showerheatd electeddechy 4 gad distribgtadmt ed
fromother parts.of th snma et chin hanber. 27. The nethod of claim 26,
furt her™&8 reﬁ‘lc?rhcﬁhﬁ' ﬁsé)?%g‘iﬁf)ﬂlg(’tﬁ?r Haﬁéggﬁlﬁﬁe}%ﬂ@aeéc g amSke at a tenperature
of at |east 80C. 28. The nethod of claim27, wherein the heating of the

shower head el ectrode conprises heating and mai ntaining at |east a portion
of the showstheadllel eethpddbclaim 36 tferthesrcamprisingdhe bgating @€ thelshowerlzgd The

met hod of cl.aim 27, wherei.n th gating of the showerhead el ectrode
conprié%%xﬁgﬁ?ﬁ% nﬁﬁﬁ“WﬁPﬁ@QFﬁ%ﬁg(gt | east a portion of the showerhead

el ectrode at a tenperature of at |east 150C. 30. The nethod of claim 27,
wherein the heating of the showerhead el ectrode occurs before the etching
of the seni c¥nductiermethbd of eleien 231wheTtie theehdatidg of thelshpwedlad elheragicn t he
etchi ngco%?pr 34 1~sleea§1nge Eil’(% ma tzgg%?gla? st anpoallﬁon of the showerhead electrode at 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 showerhead electrode reduces striations on a
photoresist on the semiconductor substrate by controlling fluorine radical density in the process

gas.



oxi de layer on the sem conductor substrate, the openings being defined by a
patterned photoresist. 32. The nethod of claim27, wherein the process gas
conprises a fluorocarbon and/ or hydrofluorocarbon gas and the heating of the
shower head el ectrode reduces striatioﬁé on a photoresist on the

sem conductor substrate by controlling fluorine radical density in the
process gas. -30- 33. The nethod of claim 26, wherein the etching forns

hi gh aspect ratio contact openings in a silicon oxide |ayer. 34. The nethod

of claim 26,,,further r4Si.n 0ql i ng ..t he .shower head el ectr.ode
conducting héat a Sﬁﬁégé?%%(ﬁ%ngzéaq}?mé%@n%}%g Of@%%fgﬁ’easgﬁcg FHELFCL ect rode
to the(g@ﬁn%ﬂhﬁdﬁﬁ&uﬂdgmmﬂgyaber, a thermal path menber, a heater, one or

nore thermal chokes and into a top wall. 35. The nethod of claim 26,
wherein the applying power to the showerhead el ectrode conprises supplying

RF power fr an SQUI ut si he plasma et chi ng chanbher t n

Chpoe Tocat o on TRatabgE & Gy 20 TS cBnBETRe EhFfe SREVE R d fedPebby on
nmenber @AgudiRg GegthloniH thefha p@mraxa&fdnggré}h shebloweeeall BRcage @ithé pasbut i on
menber and t he showerhead el ectrode. 36. The nethod of claim 26, wherein the

suppl yidigiripetiongaermpbirse esupmajh mgmyes atheam, onper gare hirgnalichokdsend meriadep t o
one or nmre pl enuns at the backside of the showerhead el ectrode. 37. The
met hod ‘0t "cl ai m 26, wherein the suppl ying gas conprises supplying a first
gas mxture to a central zone in the gap between the substrate and the

shower head el ectrode and supplgin a second gas m xture to an annul ar zone
in the gap s rourdimeghedel dam &I whestie the applyiagpotier tgake shoxtethead plsiciede

di ff f i ' he.. 1. bei
came: ao oS PRSP IR AR MR RER RED e

first daguthbostddrdh thdéBas dibeibiBbhARNDEr, Chraiigh 6 gal QRRIbuT LA thediteh hbthdoupat ch of
waf ers one-by- one in the plasm etching chanber, the showerhead el ectrode

bei ng rAavlapkiceachRolals Satyerenhig gdsidstibutfosrmembes gpe ther Wowethead plycpedscessi ng
of the batch of wafers. -31- 39. The nethod of claim 27, wherein the heating
of the showerhead el ectrode conprises heating a central portion and an edge

portion of tige shiwah&iBedoftigied PO deheseit fhd Sipplyeng gL EBBIpaikes RpPlyidgeraemional 1 s
| ess than 50C between the center portion and the edge portion of the
shower HBagasddigieibyigepemember to one or more plenums at the backside of the showerhead electrode.

37.  The method of claim 26, wherein the supplying gas comprises supplying a first gas
mixture to a central zone in the gap between the substrate and the showerhead electrode and
supplying a second gas mixture to an annular zone in the gap surrounding the central zone, the
second gas mixture being different from the first gas mixture or the second gas mixture being the

same as the first gas mixture but supplied at a different flow rate than the first gas mixture.

38.  The method of claim 26, comprising etching a batch of wafers one-by- one in the
plasma etching chamber, the showerhead electrode being maintained at a substantially uniform

temperature during processing of the batch of wafers.



40. The nethod of claim 27, wherein the heating of the showerhead el ectrode
conpri ses heating a central portion and an edge portion of the showerhead

el ectrode such that a tenperature diffe;lrential is less than 25C between the
center portion and the edge portion of'?’[h’é shower head el ectrode.

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

showerhead electrode.

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

showerhead electrode.



