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the m d-1960s, integrated sem conductor circuits have becone the prinmary
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el ectronics. The fabrication of an integrated circuit chip typically begins
with a t MEMPRRATURE CONTROVLEDNHUT RDGH NING ASSEMBLYSFGR REPUCINGUC! OF
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thermal oxidation to produce silicon dioxide films, chemical vapor deposition to produce silicon,

silicon dioxide, and silicon nitride films, and sputiering or other techniques to produce other
metal films.

After depositing a film on the semiconductor wafer, the unique electrical properties of

20  semiconductors are produced by substituting selected impurities into the semiconductor crystal
' lattice using a process called doping. The doped silicon wafer may then be uniformly coated
with a thin layer of photosensitive, or radiation sensitive material, called a "resist." Small
geometric patterns defining the electron paths in the circuit may then be transferred onto the
resist using a process known as lithography. During the lithographic process, the integrated
25  cirenit pattern may be drawn on a glass plate called a "mask" and then optically reduced,
projected, and transferred onto the photosensitive coating.

The lithographed resist pattern is then transferred onto the underlying crystalline surface
of the semiconductor material through a process known as efching. Vacuuwm processing
chambers are generally used for etching and chemical vapor deposition (CVD) of materials on

30  substrates by supplying an etching or deposition gas to the vacuum chamber and application of a
radio frequency (RF) field to the gas to energize the gas into a plasma state. However, in plasma

processing of wafers, process drift (i.e., the change of process performance over a certain
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radio frequency (RF) field to the gas to energize the gas into a plasm
state. However, in plasma processing of wafers, process drift (i.e., the
change of process performance over a certain 1 WO 2005/ 059962

PCT/ US2004 nmount of tine) can occur. Accordingly, there is a need
for appara@ﬁgééggﬁgﬁnethods for inproving etch rate unP%BFﬁWW%”FWSpIasna
reactor processing. SUMWWARY 5 In accordance with one enbodi nent, a
tenperature-control |l ed hot edge ring assenbly adapted to surround a
substrate support in a plasna reaction chanber includes a conductive |ower
ring; a ceramc internediate ring, the internediate ring overlying the | ower
ring, theouhidieinmsdivbeut. Agodda@y afert & Dfedtdraghestudts and hetoayRE ring to an

RF el ectrode; and an upper_ring, the upper ring overlying the internediate
ring, M@P@ivmgﬁrélraﬁsﬁ@%fgm*agmﬂﬁwarxmm@roogwmce 10 exposed to an interior

of a plasma reaction chanber. In accordance with another enbodi nent, a
pl asma processing apparatus includes a processing chanber; a power source
whi ch energi zes process gas in an iSUMMARYof the processing chanber into a

pl as state_for ocessj ng a substrate; a substrate support which _supports
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enbodi el ypper rieg vyl thethisrmediatringeskereln itfetupper ring 120 ap ipprea kirfage of

subsibrat es in a%%lgas.na%{prﬁcessi ng. system the method including the steps of:
posi'Di ofFPRyed toasaraterigr et 4 plasing yeaction ch¥BRSEssi ng appar at us conpri sing: a
processi ng chghRefdan@ willRWRithe QEb6@meR, ﬁﬁlaﬁﬁﬁfn%b@sﬁiig E{)ﬁ%ﬁﬁcﬁﬁngﬁaedzﬁ an
interior of the processing chanber into a plasma state for processing a
subst r atpegeessing dhembets @ pewppwLIcewtiidrneigings prosesa gaviben irtewongf the moaskring
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ring, Wheb&hwhchfevia the lower ring to an RF electrode; and an upper ring, the upper ring overlying

the intermediate ring, wherein the upper ring has an upper surface exposed to an interior of a
plasma reaction chamber.
In accordance with a further embodiment, a method of reducing process drift on a

20  plurality of substrates in a plasma processing system, the method including the steps of:
positioning a substrate in a plasma processing apparatus comprising: a processing chamber; a
power source which energizes process gas in an interior of the processing chamber into a plasma
state for processing a substrate; a substrate support which supports a substrate within the interior
of the processing chamber, the substrate support having an upper surface; and an edge ring

25  assembly comprising: a conductive lower ring; a ceramic intermediate ring, the intermediate ring
overlying the lower ring, the intermediate ring adapted to be attached via the lower ring to the
power source; and an upper ring, the upper ring overlying the intermediate ring, wherein the
upper ring has an upper surface exposed to an interior of the processing chamiber; sqpplying
process gas to the chamber; forming a plasma adjacent the upper surface of the substrate

30  support; and sequentially processing a plurality of substrates in the plasma processing apparatus,

wherein the temperature of the upper ring is substantially cooled to an initial temperature after a



upper ring has an upper surface exposed to an interior of the processing
chanber; supplying process gas to the chanber; form ng a plasm adj acent

t he upper surface of the substrate 30 support; and sequentially processing a
plurality &{, ?ﬂ%gﬁérat es in the plasma processing apparatus, wherein the

t enper at ur % 9?}pper ring is substantially cool ed tBCEHSI0M/417%B
tenperature after a 2 WD 2005/ 059962 PCT/ US2004/ 041768 first substrate is
renoved fromthe substrate support and before a subsequent substrate is

pl aced on the substrate support to reduce process drift. BRI EF DESCRI PTI ON
OF THE DRAWNGS 5 FIG 1 shows a cross sectional view of a portion of a
vacuum ng
g, SRR e R s or ihclorB i Bl SR
havi ng en tsupbdtrate suppayt teamdudegrocestgleifis i ng as set forth in arrangenment of
FIG 1. FIG 3 shows a cross sectional view of an edge ring assenbly
according to one 10 enbodinent. FIG 4 shows a cross sectional view of a
portion of a vacuum pr GFEEF DESCRWPON oacEarHrawINdd G 3 at the location
where the coupling ring is thermally coupl€d To the RF electrode via a
condlicti ve | Blferd sBpvg2 crosgsectonal vigwipf a pattion 9hi Meruymdueesssing siambekaving

pl urali al'r%@b [ nmediate 15 ring and hot edge ring as set
forth i%ﬁgﬁdﬁ%@éﬁéﬁ@@ Igg)ﬁ@trg{ﬁd 4. FIG 6 is a graph showi ng process
drift for a PBlGuRas & gyephihaveihg psocesrip&fommpltuatityrodtwatdgRaving agouplingdifg 1 ver sus
t he hot e‘ﬂ%g ring of FI@?‘H'S and 4. F#%?l shows a cross sectional view of a
pl asma Bt §@$erfglga3[§[§5‘i' 0 ArrangpmEy 9 the edge ring assenbly of FIGS. 3
and 4. 20 DEFH, bER.WESERATLDhal Rw0bn 86Q%in:i28G A% SRBId¥AS ofik SC! 0sed

herei n provides a novel arrangenent for ‘T1nproving uniformty and reducing
etcmraﬁ@b@mﬁlﬂt- at the edge of a wafer during plasma processing of -
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t enper atacoriigOiotRIG! 3 etthé tdcatbstgehere thg caggiapibing ivtharmally coupled to the RF

electrode via a conductive lower ring.

FIG. 5 is a graph showing process drift for a plurality of wafers having a intermediate
15 ring and hot edge ring as set forth in arrangement of FIGS. 3 and 4.
FIG. 6 is a graph showing process drift for a plurality of wafers comparing the hot edge
ring of FIG.1 versus the hot edge ring of FIGS. 3 and 4.
FIG. 7 shows a cross sectional view of a plasma processing apparatus incorporating the
edge ring assembly of FIGS. 3 and 4.
20
DETAJLED DESCRIPTION

The hot edge ring assembly as disclosed herein provides a novel arrangement for

improving uniformity and reducing etch rate drift at the edge of a wafer during plasma
processing of semiconductor substrates such as wafers (e.g. silicon or gallium arsenide (GaAs)),
25  flat panel display substrates, and the like. A temperature-controlied hot edge ring assembly can
achieve improved plasma processing. The temperature-controlled hot edge assembly increases
the thermal contact between the upper ring having an exposed surface to the plasma processing
chamber and a temperature controlled radio frequency (RF) electrode incorporated in a subsirate
support. Thus, by increasing the thermal contact, the hot edge ring assembly can reduce
30  processing etch rate drift.
In processing subsirates, process engineers strive to improve process uniformity, As the

term is employed herein, process uniformity refers to the uniformity of the entire process, such
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achi eve inproved plasma processing. The tenperature-controlled hot edge
assenbly increases the thermal contact between the upper ring having an
exposed surface to the plasnma processing chanber and a tenperature
controlled %ﬁ?r@y&%ﬁﬂ“ency (RF) electrode incorporated in a substrate
support. Thus, Dby increasing the thermal contact, the hobCBUGMIHEE assenbl y
can reduce 30 processing etch rate drift. In processing substrates, process
engi neers strive to inprove process uniformty. As the termis enployed
herein, process uniformty refers to the uniformty of the entire process,
such 3 WD 2005/ 059962 PCT/ US2004/ 041768 as plasma etching across.the
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plasma is in the vicinity of the edge ring, the plasma heats the edge ring and may cause

overheating of the edge ring and result in processing problems with the substrate or wafer.

Upon exposure to a heat source such as the RF plasma, the edge ring cannot cool adequately,
20  which leads to a steady rise of its temperature. This temperature rise can lead to process drifi

(i.e., process non-uniformity) in etch rate at the edge of the wafer when multiple wafers are

processed in close succession. Accordingly, since process drift can be caused by the steady

increase in the temperature of the edge ring over the processing of multiple wafets, what is

needed is a hot edge ring assembly, which allows improved cooling of the edge ring before the
25  next substrate is processed and thereby reduces etch rate drift.

The edge ring assembly may be applied to plasma etching processes to enhance the
density of a plasma near the edge of a wafer in a parallel plate plasma reaction chamber to
produce a mote uniform etch rate across the substrate. Although the hot edge ring assembly will
be described in terms of its advantages for plasma etching, the hot edge ring assembly is also

30 useful for other applications that may require plasmas with uniform densities such as plasma

enhanced chemical vapor deposition and plasma cleaning.



processed in close succession. Accordingly, since process drift can be
caused by the steady increase in the tenperature of the edge ring over the
processing of nultiple wafers, what is needed is a hot edge ring assenbly,
whi ch allows inproved cooling of the edge ring before the 25 next substrate
i S processewoanek/dsbhwp eby reduces etch rate drift. The egqﬁwhh&gm?§§pnbly may
be applied to plasma etching processes to enhance the ensity of a plasma
near the edge of a wafer in a parallel plate plasm reaction chanber to
produce a nore uniformetch rate across the substrate. Al though the hot edge
ring assenbly will be described in terns of its advantages for plasma
etching, the hot edge ring assenbly is also 30 useful for other applications
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plurality of wafers.

FIG. 1 shows a cross-sectional view of a wafer edge region of a standard vacuom-
processing chamber 10. As shown in FIG. 1, a substrate or wafer is mounted on & substrate
suppott 12 preferably incorporating an electrostatic chuck therein. The wafer edge ring

20  assembly typically includes an edge ring 20 and a coupling ring 30. The edge ring 20 can be
bonded to the coupling ring 30 or can be resting flush on the coupling ring 30. The vacuum-
processing chamber 10 also includes a radio frequency (RF) powered electrode 40 beneath the
substrate support, which provides radio frequency energy to the substrate supported thereon.

. A suitable RF impedance matching circuit capacitively couples RF power into the

25  chamber 10 via powered electrode 40 so as to provide high-density plasma. If desired, other
plasma generating sources can be used (e.g., inductively-coupled coils, eleciron-cyclotron
resonance (ECR), helicon or magnetron type). The chamber 10 also includes a suitable vacuum
pumping apparatus for maintaining the interior of the chamber at a desired pressure (e.g., at 50
mTorr, typically 30 - 1000mTorr). A gas distribution plate, commonly called a showerhead,

30  may be provided and includes a plurality of openings such as circular holes (not shown) for

delivering process gas supplied by a gas supply to the processing chamber 10. However, the gas



support 12 preferably incorporating an electrostatic chuck therein. The

waf er edge ring 20 assenbly typically includes an edge ring 20 and a
coupling ring 30. The edge ring 20 can be bonded to the coupling ring 30 or
can be resgﬁ %)gb aﬁ on the coupling ring 30. The vacuu /Broce33|ng chanber
10 al so includes a radio frequency (RF) powered el ect r otfe4BWEHESE h t he
substrate support, which provides radio frequency energy to the substrate
supported thereon. A suitable RF inpedance matching circuit capacitively
coupl es RF power into the 25 chanmber 10 via powered el ectrode 40 so as to
provi de high-density plasma. If desired, other plasma generating sources
can be dieibulien late dan G Ghviitve aﬂd@ﬁwﬂésfgis @@ﬂﬂe%up;ﬁieﬁ% fiRRhEMBr O/ @3r r esonance
(ECR), helicon or nagnetron ty The chanber 10 al so includes a suitable
vacuun1aﬁﬂ%ﬁnﬁeméhéb¥%¥@§mg%ﬁCnalntalnlng the interior of the chanber at a
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can be made from conductive elecirode materials such as silicon carbide (SiC) and silicon (Si) or
from dielectric materials such as quartz, It has been shown that, besides shifting the chemistry
in the immediate neighborhood of the edge ring, by changing the edge ring material, the degtee
20  of coupling through the plasma can be tailored to provide a desired localized "edge" eich rate at
the outer portion of a substrate being processed. Silicon carbide having a lower capacitive
impedance, will generally produce a faster edge etch rate than silicon oxide. Quartz and other
dielectrics with low dielectric constants will tend to lower the edge etch rate due fo a reduction
in RF coupling at the wafer edge. Typically, the coupling ring 30 is made of a dielectric semi-
25  conductive material such as quartz, silicon, silicon carbide, or aluminum oxide.

FIG. 2 is a graph showing the etch rate profile in a blanket oxide etch using a parallel
plate arrangement with a dual frequency power supply. A run of seventeen (17) wafers was
processed. A silicon edge ring 20 and quartz coupling ring 30 were used and etching was
carried out under the following conditions: 2000 Watts RF power at 27 MHz; 2000 Waits RF

30  power at 2 MHz; 150 mTorr chamber pressure above the wafer; 400 scem argon gas; 80 scom

CFg gas; 8 scem O, gas; and 60 second process time.



processing of a substrate and thus is referred to as a hot edge ring (HER
The hot edge ring 20 can be nade from conductive electrode materials such
as silicon carbide (SiC) and silicon (Si) or fromdielectric materials such
as quartz. It has been shown that, besides shifting the chemstry in the

i mredi at e W) WaBe¥HGod of the edge ring, by changi ng thecedgeesisigs materi al,
the degree 20 of coupling through the plasma can be tailored to provide a
desired localized "edge" etch rate at the outer portion of a substrate
bei ng processed. Silicon carbide having a | ower capacitive inpedance, wll
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such as quartz, silicon, silicon carbide, or alum numoxide. FIG 2 is a
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(17) wafers was® process st licon edge ring 20 and quartz coupling ring
30 wére used and etchi ng was [(Eax-Mief2‘Aueragelded0%he fol | owi ng conditi ons:

2000 Watt t. 27 Mz, 0 Watts RFE 30 2 Miz; 150 nil
chanber HRESUaRe B afaintin Vil of st ol B in B RRgHGm Bl e dbas, s
sccm 02 dyihSratedidt dBRnAREQ BYnREALIAE thelthifRhesSo\he PIYISHEASIAR2 ofPfoh/ dTR0PAE04 1768

The graph shows the Photoresist etch rate in Angstrons/ mnute as a function

of | ocathete anfl afis eighmgusivg pramacrraly v aitebie thin plEHeRY SYSM: he wafer. As
can be seen f r . r i es
cabstant a1 FIETS MRS G0 sedtbf of € Witk biiotedlin S ELAFolle MRaphBELES |

t he ool | 1®Bihaving guehpeoatureSoprdlied-Hot edge 2haamembly]110008teddosnaodvbbda substtake
maxi mum val ue of etch rate, and 1S the, mni val.u f etch rate. The
Coah T atsbohatacGriein nehmyo st s letnd erempeLD ot s uReript e | ayer
on top Gingtihe, NedRhic iﬂ@frﬁ’dd@at@ﬁ% 830, edd Léonbhdlige UsidR 8ing 130T icdhbdiatavai | abl e
thin-filmnetrol ogy system FI 3 shows a cross section of a wafer edge

regi on dfngd3gdeann wwepsusfase b lappraveiaaesi 341 vherop thanlpivegsusface 134 of the
t t. - . . i
enper aty s GORL i‘nﬂé h?&s%;{rxggﬂfgougleﬁ% m%%?&gﬁgﬁagémeﬁ@o HhOKRE: 2

substrate "support-accord ne e edge ring assenbly 110

i nclijdesimgriddpper hot edge ring 120, a ceramic internediate ring 130, and a
conductive | Qﬁ\grup{)érr}glgjlﬁ} is g;'gferaibg} nelgc{g%?ia ?ﬁe?mally and electrically conductive material
such as silicon, catbon (e.g., graphite), silicon carbide and the like. As shown in FIG. 3, a lower
surface 128 of the upper ring 120 is preferably bonded to an upper surface 132 of the
intermediate ring 130 by a thermally conductive elastomer. Details of suitable elastomers are
20  described in U. S. Patent No. 6,073,577, which is hereby incorporated by reference.

In one embodiment, an inner portion of the upper surface 126 of the upper ring 120 is
beveled to form an angle with a plane perpendicular to the electrostatic chuck 112. The beveled
inmer surface 126 of the upper ring 120 allows a portion of the upper ring 120 to extend under
the substrate when the substrate is located on the substrate support. The upper ring 120

25  preferably has a substantially rectangular cross section, with the exception of the beveled inner
surface 126. It can be appreciated that the upper ring 120 can have other cross sectional desigus
or shapes.

If desirable, a diclectric outer ring 138 can surround the upper ring 120. The dielectric
outer ring 138 can be formed of aluminum oxide (Al;Os), silicon oxide (quartz), silicon nitride,

30 silicon carbide or other suitable materials and provides added protection to the plasma reactor

chamber.



ring 130 has an upper surface 132 and a | ower surface 134, wherein the | ower
surface 134 of the internediate ring 130 is thernmally coupled to a radio
frequency (RF) electrode 150 via the lower 15 ring 140. The upper ring 120
S preferaQ*g &%ﬂﬁm f athermally and electrically conductive material such
as silicon, @% g., graphite), silicon carbide anBCTNB2004Q4768As shown
in FIG 3, a Iomer surface 128 of the upper ring 120 is preferably bonded
to an upper surface 132 of the internmediate ring 130 by a thermally
conductive elastonmer. Details of suitable elastoners are 20 described in U
S. Patent No. 6,073,577, which is hereby incorporated by reference. In one

embodi ment ,  aFheiineRlicdnHs ﬁm%)IB m{astaia@osmﬁmy BHEAATR clodfs@tioh B WPRFEraBIY NG 120
is bevel ed to forman an% e wth pl ane £erpend| cular to the electrostatic

chuck 11p2aden{a maigral with bi ?nr@beqné&téwﬂzen 3 sipler thees! expangion poefhicipvg a
por tion f LAGLRRE 0N Hﬁ%&@é) Igﬂngﬁoﬁé‘ thalDA8 of sﬁIJE(ﬁl SR St g t he

substrate 1s ocatec% on the su ate support. e upper ring
pr ef er abdlyminas axideubstmiv),isdicoy, mlamnawyldb,aar abmassmsigdite. ofn, onwemlbodlhmntexcept i on

of t vel ed i.nner rfac | t reci ated that the u er ring
190" dan BB e oY L84 bt B bt Rlr B B et b e

di el ect ri49 a8 iSirefetby tbl8d Gdh B EEaHTAY 1§®ﬂamﬁﬁrefm([)gh4b20 The di el ect ric
outer ring 138 can_be forned of al um num oxi de silicon oxide

(quartz), silfhesAndyctiys lgwer ring14) is prefmablnmpdeiel eocronéwérp mptariahich aqat eri al s

2885}0 Bg‘éd ‘ggaf}’@‘#%%ﬁ %9%1%%%% E%EP‘E?#H rrg;gl atgtgﬁ1 ?ﬁgige%?,gmgée%g%%gﬁ antially

rect ang thatover deg 1 4keltsiacnbsimdially Lhafed cedst ;ectmdmchﬁ nmaderaf dumalumaM t h hi gh

ther onduct|V| and t her I’ISI on coefficient.,as the
rmt o e B sl ot fed i 2 fqniel BB T4 GEAEHEE SiholbRabirer S o

mat er | als%ctmyorbﬁler&lomeagma@mags (ceramc), si I icon, silicon carbide, or
alumnumnitrid one enbodi nent, 5 the internediate ri ng 130 is nmade of

al unina. The & ﬁt ‘%%Sr?é‘dﬁ’%ts%ﬂt#oﬁﬂéﬂlf@ég%%%@ll’ AED pier 3rwhegeln e and i s

f f/\ﬁ@%
E{)ﬁdﬁgﬁ%enﬁ%&lv%f@gn% @ffkgﬁ?@"g% %@%%21%?@1 con %%qqugl%"r?g gl al such
as al urthmmhqnmtlmtmrmgrwaltd thy RPtnimde hiﬁpppreferaiﬂppafornﬂeﬁa’yapiurahtjmfnl ess
iﬁ gglls‘i s ngi;a' ]Jéﬁs ﬁﬁ g‘eﬁgg éssgpl%g[ {}%uﬁl&g‘a setgof 1133'1?5 @%ﬁst%oﬁliga 2 .;[1 ée%lollu%/ boIIt_ shaped

170) extending through a plurality of holes in the lower ring 140.

As shown in FIGS. 3 and 4, the conductive lower ring 140 is preferably L-shaped in
cross section having a first plurality of holes 142 for bolting the lower ring 140 to the RF
electrode 150 and a second plurality of threaded holes 144 for boliing the intermediate ring 130

20  to the lower ring 140. The first plurality of holes 142 is preferably located in the inner portion
of the lower ring 140 whereas holes 144 are located at the outer portion of the lower ring 140.

In one embodiment, the first plurality of holes 142 has a taper 162 for receiving a taper
head of the first bolt 160. The bolt 160 extends from the upper surface of the lower ring 140
through the lower ring 140 and into the RF electrode 150. Preferably, the bolt 160 has a tapered

25  head 162 at one end and a screw thread on the other end 164. The RF elecirode 150 receives the
screw thread 164 of the bolt 160 in a threaded hole 152, The bolt 160 is preferably stainless
steel, however it can be appreciated that the first bolt can be aluminum, aluminum alloy, nickel,
brass, copper, copper alloy or other suitable materials.

The bolting of the intermediate ring 130 to the lower ring 140 is preferably performed

30  through a second plurality of holes 144 in the intermediate ring 130. The second plurality of
holes 144 extend preferably into the outer portion of the lower ring 140. In one embodiment, the

intermediate ring 130 has a plurality of bolt receiving holes 133 for receiving a conductive

8



10 However, it can be appreciated that the lower ring 140 can have a
substantially rectangul ar cross section or other cross-sectional shape.
FIG 4 is a cross section of the edge ring assenbly 110 of FIG 3, wherein
the internediate ring 130 is bolted to the RF el ectrode 150 via the | ower
ri ng 140. by3g Oof the internediate ring 130 to | ect rode 150
IS preferammgge}!r]%gdr}ned at a plurality of 15 | ocations #@F%M"d&gsri ng
assenbly 110 using a set of bolts (a first bolt 160 and a second bolt 170)
extending through a plurality of holes in the lower ring 140. As shown in
FIGS. 3 and 4, the conductive lower ring 140 is preferably L-shaped in
cross section having a first plurality of holes 142 for bolting the | ower
ring l4@vasherB@ardha scedrechialiolfd. T6Obaelntllehas @homil 72l atipad értdyandfa stiewdhdat! hol es

144 for [tinag,the.inte di at to the ring 140. The
first p|13‘?3‘i 41? 3"18‘? %Icggé%ﬁ‘ée Y"@%ﬁ@%ﬁ%’b‘%al‘:ﬁ‘@g‘? hol\fgﬁgz i ““ég?t ion of
the | owgsoelvie ik Hed@ 1 76N B Bol0 0T (Rind Hbhok! 190 higslat Bitk Rhdidiioe Mdkiek 18®rtion of the
| ower ri n% 140. I n one enbodi nent, the first ]gl urality of holes 142 has a

taper 16teierably restsdn heijuality o5 belt m@wmsﬂwkﬁéﬂr difign.tit qagde appisciplsit 160
ext egds Eﬁp@ nggﬁ e lower ring
140 gnd ﬁ#\?{gcﬁﬁﬁ‘ Sél%ﬂgo Eg&ahg era S/%It e %loﬁrm}@sa#agﬁa t aper ed
25 head cdier,abpmen ellen ciabuisis sieslor eny sultatdachatxiak he ot her end 164. The RF

el ectrode 150, recei.ves.Lhe scr, read.164 of  the t 16 hr eaded
ol o 152, ThabBiE L1aat e Spran Bl bit S Bpuenea B e budibtvo bdst it can be
appr eci akefdsithagh the idtbrnsddidantitg BBANY @b Ndwes Fingd 4O MTRe acahd Bt 170iig kel |,
brass, copper, copper alloy or other suitable materials. The bolting of the

i nter rre@lsameff?rpbi@ staindesg éte@lhléowedweﬁ can; hggppLeeiated ﬂw W&oHBW cHEPT WREYT, 30

t hr h, ate ring 130. The
secggg plu Qﬂo)plf'dékﬁ 1Ia¥s gé‘m)glgk(ﬁ}z)nléé}fbye?era y |nto t he outergportion of
t he | ower r| ngsﬂm 1nIEiGoﬁethceu;imtbmn@m0 has hpluralmy ef lndeh ]&Q(—forﬁemqjvimgéhm a
pluralit eivin les, 133 for L yin ductive, 8

D005/ 058983 s 0% BAed 2 Iuiier = Yol 26 rdtne TR s i g o
170 has @ E@%ﬂxbﬂyﬁa oatrh@ @@%&*Mk AP R ApBftBIY febik 624 liphd Roldt1 2t hemeith@ichinghe
conductlve washer udes a counter-sunk hole 182 conflgured to

r ecel ve thefep pEbalt 1172?2 leﬁ etimrtgﬂap 13415 psaferablyanage of thesame mataripl asthirpshduct i ve
133.
gg " h% 126” &&aﬂ@g thséa cgg?ygp rb@kﬁa}gx o%hgﬁé%rl @ﬁ@@gﬂb&gca%h@s

can appr at t he condu e washer 0 can be
made of aadl Bmy mthensuﬂdbl&mnatenala IAltamatxmly;ltm edgbriag sap 124 can be made of quartz.

Since, the edge ring assembly 110 surrounds a subsirate in a plasma reactor, the boliing

of the lower ring 140 to the RF electrode 150 is preferably performed at a plurality of locations
in the edge ring assembly 110. In one embodiment, the number of holes 144, 152 is about 6 to

20 18 depending on the size of the edge ring assembly 110. For example, a plasma processing
chamber for processing wafers having a diameter of 8 inches (200 mm) may have a different
number of holes 144, 152, than a processed wafer having a diameter of 12 inches (300 ram). It
can be appreciated that any number of first bolts 160, second bolts 170, and edge ring caps 124
can be used to affix the edge ring assembly 110 to the RF elsctrode 150.

25 FIG. 5 is a graph showing the effect of the hot edge ring 110 to the embodiment shown
in FIGS. 3 and 4. The same process conditions as shown in FIG. 2 were used and were as
follows: 2000 Watts RF power at 27 MHz; 2000 Watts RF power at 2 MHz; 150 mTorr
chamber pressure above the wafer; 400 scom argon gas; 80 scem CyFg gas; 8 scom O, gas; and
60 second process fime.

30 As shown in FIG. 5, the temperature-controlled hot edge ring assembly 110 greatly
reduces the etch rate drift near the wafer edge. During a process run of a cassette of wafers,

wafers mmber 1, 2, 5 and 17 showed very little variance of etch rate at the outer portion of the
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copper, copper alloy, stainless steel or any suitable material, The head 172
of the second bolt 170 is positioned in the conductive washer 180 and
extends through the internediate ring 130 and into the | ower ring 140. The
second bol 0%ﬁ§¥ al so preferably stainless steel, however it can be
appr eci at ed X AE ™2 bolt 170 can be aluminum 10 aIu#KﬁﬂﬁPﬁMWﬁVﬁgnickel,
brass, copper, copper alloy or any suitable material. As shown in FIG 4,
the upper ring 120 has a plurality of holes 122 for receiving an edge ring
cap 124. The edge ring cap 124 includes a vent hole 126 for venting of
pressure in the edge ring assenbly 110. The edge ring cap 124 preferably
rests ORvaferbbrbus the ROUIR uhR thY A Ho%'déa g as Eﬁb%mt;ﬁﬁqef 1 l%ﬁﬁlhnglzl@a faﬂg/e edge

ring cap 124 is preferably made of the sanme naterial as the upper ring

120. Ac Qmﬁgmyﬂﬁﬁhﬁﬂﬁd@beﬂfﬁg“@ﬁpa&ﬂw“mamFbmﬁﬁhde of silicon, graphlte
silicon car ny. nativel e edge
ring cap 12212@}39 ggag)%& o1 rg%égt?t#é&ﬁge§%ﬁg‘% VFF@“ ‘ﬁé“&”' NIREE Eﬁ’ﬁ%ﬁ‘ 110

sur r ouneandard gt courding Ring ahleiEn FEA.CH ©ith tHeldn thﬂeragn@élleﬁfeﬂgdmger ring 140
to the RF e 1§iectrode éﬂg i s preferabl Bﬁ%forne t a plurality of |ocations
in the BUFGEIREIREGEY i g & F it G fréntWhergns th sigwarddot edgees 144,
152 is ﬁﬁgkgsulﬁdtlﬂac@l&mjegab@@cﬁﬁﬂﬁi dch At fBP@ai‘éfs%ﬁm@gr f 5396w ctdidatd ge bl Y

110. For eéxanpl e, plasma processing chanber for processi ng wafers having a

di arret emafsts @17, ﬁhdi@at gupb honedee ning rasuliest in agivch digber etchnuatdehiclovahol es 144,

152, th er .h | 300 It can
be appr S&P@“H gﬁmgﬁ%%%?%é?g%ﬁp?ta vyag"?rs g@f‘ thf%‘ﬁa E@%n%%&a%et(ﬁufgs T;% and
edge ri egnma@aﬂﬂegmcemm euaﬁdtetsﬁoxaxiﬁymetsfaﬁde@ag@t ddg@gin@ssenbly 110 to the
RF el ectrode.  150. 25 FI G is a graph shomn(gﬁ%he effect of the hot edge

ring?110 to Eg& l&ﬁ@aﬁﬁcmth%tﬁlaﬁmmwﬁmm esgirotiedol cdge nmﬁeas btbraads
condi ti g g@émﬁﬁ@%cﬁlﬂnvgfo%ss% %&ﬁbéﬂé&%%@@&iﬁ ghst mr% roceiy Vatts RF

power at 2 ;2000 ts power anber “pressure
above th@mMnﬁﬁopﬂwﬁﬁadnmhbéﬁg@ﬁhgagﬁmﬁ@gSﬂbn1C4F8 gas; 8 sccn1CZ gas; and

60 second pr 3 shown in FLG the. t er.at ure-control |l ed
ot edge. | i ks rered Ba R et syt B weRio L e P Har ¢ ho
waf er edos; thdmtehfidglife AH©THR and the 1@ fer 2ing 436 fhy @argidepeiiticson thayatfeemeanber 1,
2, 5 and 17 showed very little variance of etch rate at the outer paqrtion of

t held wef dgk sabstrals 2ndorptbesodhsolore 88 cxagphape pEthe gings prarquadipe the dhidskng ¢ he
standar ¢, 1els. 984 koo f7 TR afidh JokfseslodiPatd dd A8t Hinibtiflg fuhnl Why.

FIG. 7 shows a parallel plate plasma processing apparatus 200 incorporating the edge

-‘

ring assembly 110 according to one embodiment. The plasma processing apparatus 200 forms a |
processing chamber 210 having a top electrode 220, and a temperature controlled lower

20  electrode 150 incorporated in a siubstrate support 230 having an electrostatic chuck 240 for
clamping the substrate S. The RF electrode 150 energizes a process gas in the interior of the
processing chamber 210 into a plasma state for processing a substrate S. An edge ring assembly
110, including an upper ring 120, a ceramic intermediate ring 130 and a conductive lower ring
140 as shown in FIGS. 3 and 4 surrounds the substrate support 240. A preferred plasma reaction

25  chamber incorporating the edge ring assembly 110 is a semiconductor plasma etching apparatus.

In operation, when sequentially processing a plurality of substrates in the plasma

processing apparatus 200, the temperature of the edge ring assembly 110 is substantially cooled
to an initial temperature after a first substrate is removed from the electrode and before a
subsequent substrate is placed on the electrode. As shown in FIGS 3, 4 and 7, the edge ring

30  assembly 110 incorporating the upper ring 120, the ceramic intermediate ring 130 and the
conductive lower ring 140 provides an improved thermal path between the upper ring 120 and

the temperature-controlled RF electrode 150. Thus, it can be appreciated that by cooling the

10



| arge etch rate drift at the edge of the wafer as shown in Figure 2. FIG 6
graphs the etch rated at the edge of a wafer versus wafer nunber, conparing
the standard quartz coupling ring as shown in FIG 1 with the tenperature
controlledwsq&%0 &QQ 5 according to one enbodi nent and _as shown in FIGS. 3
and 4. Wereas {Re°'standard hot edge ring resulted i nPSTEERYHAE7%0l e dr op
in etch rate for wafers nunber 1-5, and a low etch rate for wafers 6-17,

t he heat sunk hot edge ring resulted in a nmuch higher etch rate which was
substantially constant for the entire batch of wafers. Thus, the heat sunk
hot edge ring elimnated the process drift in etch rate shown by the

st andar gigieingQe@mbly NG to 19 iifial hiheRRurd RRE @d‘%e@fn%cﬁsgeﬁﬁly 1 10 an reduce process
tenperature-controlled hot edge ring assenbly I10 can be installed in new
vacuun1§¢%cessing chanbers or used to retrofit existing vacuum processing
chanbers to ' j Abi L J Walom . uld be
appreci at ed ‘gt]%\ﬁlgﬂ ﬁiﬁgé%gi@%nlg blré §ass?°f§ %Il H‘%‘%ﬁ%‘%@g‘é géwgtl%nﬁglp%ﬁ%%ﬁ? e upper ring
120, t hembolimentethiesbf it willhebBfxeciated by Hmsé shilbsd in ithregartl et sddifious yledapendi ng on
the arrangenent 1 f chuck, substrate and/or others. Therefore, .the exact
Shapo. oogEstosd st sny Seemiioe eetbraepels Moo i dr PR R  or

11 ust r fleispidit M RESEST (RS nverdidd a@ AR tn i Bpichddl dilin@Ny Way. FIG 7 shows a
paral |l el plate plasma processing apparatus 200 incorporating the edge ring
assenbly 110 according to one enbodi nent. The plasma processing apparat us
200 fornms a processing chanber 210 having a top el ectrode 220, and a
tenperature controlled | ower 20 el ectrode 150 incorporated in a substrate
support 230 having an el ectrostatic chuck 240 for clanping the substrate S
The RF el ectrode 150 energizes a process gas in the interior of the
processi ng chanber 210 into a plasm state for processing a substrate S. An
edge ring assenbly 110, including an upper ring 120, a ceramc internedi ate
ring 130 and a conductive lower ring 140 as shown in FIGS. 3 and 4
surrounds the substrate support 240. A preferred plasnma reaction 25 chanber
i ncorporating the edge ring assenbly 110 is a sem conductor plasnma etching
apparatus. | n operation, when sequentially processing a plurality of
substrates in the plasma processing apparatus 200, the tenperature of the
edge ring assenbly 110 is substantially cooled to an initial tenperature
after a first substrate is renoved fromthe el ectrode and before a
subsequent substrate is placed on the electrode. As shown in FIGS 3, 4 and
7, the edge ring 30 assenbly 110 incorporating the upper ring 120, the
ceramic internediate ring 130 and the conductive |lower ring 140 provi des an
i nproved thermal path between the upper ring 120 and

11



the tenperature-controlled RF el ectrode 150. Thus, it can be appreciated
that by cooling the 10 WO 2005/059962 PCT/ US2004/ 041768 edge ring assenbly
110 to its initial tenperature, the edge ring assenbly 110 can reduce
process drift. Although the present invention has been described in
connection wth preferred enbodinents thereof, it will be appreciated by

t hose skiVHeH ISCEABMEPHISt hat additions, deletions, 5 nodifications, and
substitutions not specifically described can be made w thout departing from

the spirigt an e of t.he,i.nvent.ion as,defined in the, appended clains. 11
Wit 1St AR aRE e Sl P po e b OB R S ST o b A RRR IS G )
adapt ed tsobsitate @ppet i SElMEORAGDhChambethbt AakMbBURRGDsingn @ pl asma reaction

chanber, the assenbly conpri _sipg: a lower ring made of an electrically
conduct i VOV R mpde of angtestcally pendpptieimateriali ng, the internediate ring

over |l yi ng, LReil B ekl int edi i ﬂﬁﬁ% to. be attached via
the | ower rihﬁrglglhto ar?ailgF&gpé %?ﬁrlgﬂggﬁg?ﬁgg?ggfear%%&}l% t eﬁggb@%rate support;
and an upplemnediatgring hdaptgape be pitavhed viathe/lowgr tiletoi antRdF eleclicalte ri ng, wherein

t he upper. ring has .an upper surface exposed to an interior of the plasm
reaction IBWﬁﬁtF&lWEP@SHQ&eﬁBPP%M ring is in direct contact with the RF
el ect r odem upper ki, ﬁé%ﬁﬁ&*r&g@ve@dﬁ% MelntcHh&QiAb Ang Renckdih BlBPEALR HakNg 1S made

of alum numoxide. 3. The assenbly of Claim1, wherein the internediate
ring is readepersutfaceaxposeditp pe interior of thie piasme aedsiideclombet, ovhiemimthexi de. 4. The

assenbl y P . A Ilgyvgr ing is made of alum num or all oy
t her eof . lg&e%%lg}s%(g%\gp(;&g%&étgﬁhn% ) l\%téérdé}i n the lower ring is nmade of
al um num al um num alloy, brass, copper, copper alloy or stainless steel.

6. The asyanbhie@bly@i@liminli, wikesiethe iReindRfte Sh fsaeRle OF aluifnippgite. i Ng 1S
bonded to an upper surface of the internediate ring via a thermally

conductive elastoner. 7. The assenbly of Caim1l, wherein the |ower ring has
a pluralix gl‘hgﬁsshmbb@f&aatifrj bm’}@cbim the intermediate ring is made of quartz, silicon,

silicon carbide or aluminum oxide.

4. The assembly of Claim 1, wherein the lower ring is made of aluminum or alloy
thereof.

5. The assembly of Claim 1, wherein the lower ring is made of aluminum, aluminum

alloy, brass, copper, copper alloy or stainless steel.

6. The assembly of Claim 1, wherein a lower surface of the upper ring is bonded to an

upper surface of the intermediate ring via a thermally conductive elastomer.

7. The assembly of Claim 1, wherein the lower ring has a plurality of holes configured to

bolt the lower ring to the RF electrode.

8. The assembly of Claim 1, wherein the lower ring and the intermediate ring have a

plurality of holes configured to bolt the intermediate ring to the lower ring.

9. The assembly of Claim 1, wherein the lower ring has a substantially L- shaped cross-

section.
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bolt the lower ring to the RF el ectrode. 8 The assenbly of Claim1, wherein
the lower ring and the internediate ring have a plurality of holes
configured to bolt the internmediate ring to the lower ring. 9. The assenbly
of Claiml, wherein the lower ring has a substantially L- shaped cross-
section. 12 10. The assenbly of Claim7, further conprising a first bolt
havi ng a tOapbs esderbly@f §laiwne lurdwticamiptisingschirshbalHraeing separtdheatiabencend, t he
first bol [ I ' t t-he, RF .el.ectrode. 11. The
assenbl y e?)lfl %%F'Iélg%g\g%ﬂ]@ %ér)%tﬁg‘i'réﬂc%ljr}e%?ii tgix\ﬁléﬂ é&lgg%n(gf)ﬁaregg? P aﬁgl\?il%‘ﬁeran%ggd at one
end and the RErkwtrdde. ead at the other end, the second bolt configured to bolt
the internmediate ring to the lower ring. 12. The assenbly of Caiml,
further caonprising a conductive washer configured to receive a bolt having
a head at!lohte SHEEN@T §13E o RIEF eaeprising hiscendHhalt harig alived af aneehe

cad : i’ e _ e
ing. 15 P ASRE LR ARy SAPOR, RS MPR oRiEo BRI bR R E R, T ol e

i n the uppertotherilgwer nperein the plurality of holes receive a cap, the cap
having a vent hole configured to release pressure fromw thin the edge ring
assenbly. 14 The ass |y of aim1l, wherein the upper ring is nade of
silicon, ]é-’a]fb‘b?ﬁﬁefa‘ﬂé(ﬁﬁgﬂ’é{nl &rﬂ?@r FOTRRS LA fpngective syashes sonligussiiy of O aim 1,

wher ei N tR&i HPPSIt }{aivﬁ% NR3d 3t BR'hll A4 SXLEV KBS éﬂgﬂ:ﬁﬂthé} end UWREGALR when the
d 16. A pl

substrate 1s |locate n the substrate support. asme processing

appar at uscoodurpive siashgr ispogitiooebisitwieenchamiyer ringl apt thd intenpdotegsg. a
sem conduct or substrate; a power source which energi zes process gas in an

interior Qf the processing ch er into, a plasm state for processing the
substr at o3 The sbubly @%@d&%@ﬁﬂé%ﬁ&%@ﬂmﬁgﬁw SUBPHIPE n t he
interior xﬁ’ﬁeréiﬂﬁlve\gﬂl‘ﬂﬁﬁ@%fﬂaes cRaR & Cap, tNEcap WRSHE @ bvEnHORPQtighg kd!di ng an RF
el ectrode; a lower ring made of an €electrically conductive nmaterial; a

cerani ¢ imleasepeeisat érom wighinttheedgntimgaesdinhtye ri ng overlying the | ower ring,
t he

14. The assembly of Claim 1, wherein the upper ring is made of silicon, carbon, graphite,

or silicon carbide.

15. The assembly of Claim 1, wherein the upper ring has a portion extending under a

substrate when the substrate is located on the substrate support.

16. A plasma processing apparatus comprising:

a processing chamber adapted to process a semiconductor substrate;

a power source which energizes process gas in an interior of the processing chamber into
a plasma state for processing the substrate ;

a substrate support which supports the substrate within the interior of the processing
chamber, the substrate support including an RF electrode;

a lower ring made of an electrically conductive material;

a ceramic intermediate ring, the intermediate ring overlying the lower ring, the
intermediate ring adapted to be attached via the lower ring to the RF electrode, wherein

the lower ring is in direct contact with the RF electrode; and

13



internediate ring adapted to be attached via the lower ring to the RF

el ectrode, wherein the lower ring is in direct contact with the RF

el ectrode; and 13 an upper ring adapted to surround the substrate, the upper
ring overlying the internmediate ring, wherein the upper ring has an upper
surface exposed to an interior of the processing chanber. 17. The apparatus
of Claim16, wherein the upper ring is bonded to the internediate ring by a
thermal |y conductive el astomer. 18. The apparatus of C aim 16, wherein the
lower ring is made of alumnumor alloy thereof. 19. The apparatus of C aim
16, wheregj - i i i -um num. oxi de.. 2Q. , The

appar at ugh g?ﬁ%?lg? %H%%g%rg?ﬂﬁf tﬁ % (Sadbﬁtﬁ%g&ﬁ? ]?l;rPge iElhrslg Pr‘é%gmfgr Hfﬁeﬂ?ﬁg@ﬁ al

sel ect ed rinfrehmreih ¢hegrppaprigpinsiaatubpg soffauapsed t@id int@ior obihk ipesRBssgar bi de,
graphite En al um num 21. The apparatus of C aim 16, wherein the plasma
chanber 43 %eni conductor plasma etching apparatus. 22. The apparatus of
Claim 16, further conprising a quartz outer ring surrounding the upper

ring. 23. i : i.f1. luraljt f._ substrates in
{ho ol asig TS HERARuE Ll CRENTH] e aRERRR s il B il 8" 6"t e
chanber ; bj etimrmgllpcomphatbreml@adinecent t he upper surface of the substrate
support; and sequentially processing a plurality of substrates in the

pl asma processi ng apparatus, wherein the tenperature of the wupper ring is
subst ant il& T8 a@pgrwg of Glayn 10nwherain treleper Hegisanage oé pluginym et allaybst rat e i s
renmoved @kg%Ethe substrate support and before a subsequent substrate is

pl aced on the substrate support to reduce process drift. 24. The nethod of
Claim 23, wherein the substrate conprises a sem conductor wafer and the
processi ng. Bieappaaip bf CRéma6CRhéginttheinfeRbdng g tonadwd fRluintii dhe. pl asma.
25. The apparatus of Caim 16, wherein the lower ring is made of al um ni um

alum nium alloy, brass, copper, copper alloy or stainless steel. 14
20. The apparatus of Claim 16, wherein the upper ring 1s made from a material selected

from the group consisting of quartz, silicon, silicon carbide, graphite and aluminum.

21. The apparatus of Claim 16, wherein the plasma chamber is a semiconductor plasma

etching apparatus.

22. The apparatus of Claim 16, further comprising a quartz outer ring surrounding the

upper ring.

23, A method of reducing process drift on a plurality of substrates in the plasma
processing apparatus of Claim 16 supplying process gas to the chamber; forming a
plasma adjacent the upper surface of the substrate support; and sequentially processing a
plurality of substrates in the plasma processing apparatus, wherein the temperature of the
upper ring is substantially cooled to an initial temperature after a first substrate is
removed from the substrate support and before a subsequent substrate is placed on the

substrate support to reduce process drift.

24. The method of Claim 23, wherein the substrate comprises a semiconductor wafer and

the processing step comprises etching the semiconductor wafer with the plasma.

25. The apparatus of Claim 16, wherein the lower ring is made of aluminium, aluminium

alloy, brass, copper, copper alloy or stainless steel.
14



