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PROCESSES AND METHOD FOR MANUFACTURE AND USE THEREOF BACKGROUND OF THE

| NVENTI ONdFo2aisglsqdof - QG e I nvention 5 The invention rel at esptpyasy gppar at us
for plasma processing of sem conductor substrates such as silicon wafers,
and nore particularly, to an electrode assenbly having a | ow r&silstilVity
el ectrode. The invention also relates to processing sem conductor
substrates with the el ectrode assenbly. Description of e Related Art 10

El ectrodes used in plasma processing reactors for processing sem conductor
substrates such as silicon wafers are digclosed in U S. Patent Nos.
5,074,456 and 5,569, 356, the disclosures of which are hereby incorporated
by reference. The 456 patent discloses an el ectrode assenbly for a

paral l el plate reactor W@g 754 e tnygde i s of

sem conductor purity an on gp c?@gﬁslﬁﬁg%w fmsngégmdhesi ve, sol der,
or brazing layer. THRIBSIHOP FOBR MIANUFAICTDUREYANDCEBSEPEHERBOFapor pressure
nmetal s such as indium silver and alloys thereof and the bonded surfaces
of the support frame and the el ectrode can be coated with a thin | ayer of
nmetal such as titanium or M&é@mﬁgﬁﬁm&@i@and adhesion of the
bonding layer. It. has be onds such as In
bonds cause the 20 electrode to warp due to differential thernmal

expansi on/ contraction or the electrode and the part to which the el ectrode
i s bonded. | Fididsf dleslovben found that these

5 The invention relates to an apparatus for plasma processing of
semiconductor substrates such as silicon wafers, and more particularly, to an
electrode assembly having a low resistivity electrode. The invention also relates to

processing semiconductor substrates with the electrode assembly.

Description of the Related Art

10 Electrodes used in plasma processing reactors for processing semiconductor
substrates such as silicon wafers are disclosed in U.S. Patent Nos. 5,074,456 and
5,569,356, the disclosures of which are hereby incorporated by reference. The
‘456 patent discloses an electrode assembly for a parallel plate reactor apparatus
wherein the upper electrode is of semiconductor purity and bonded to a support

15 frame by adhesive, solder, or brazing layer. The soldering or brazing layer can be
low vapor pressure metals such as indium, silver and alloys thereof and the bonded
surfaces of the support frame and the electrode can be coated with a thin layer of
metal such as titanium or nickel to promote wetability and adhesion of the bonding
layer. It has been found that metallurgical bonds such as In bonds cause the

20 electrode to warp due to differential thermal expansion/contraction of the electrode
and the part to which the electrode is bonded. It has also been found that these
metallurgical bonds fail at high plasma processing powers due to thermal fatigue
and/or melting of the bond.

Dry plasma etching, reactive ion etching, and ion milling techniques were

25 developed in order to overcome numerous limitations associated with chemical



met al | urgi cal bonds fail at high plasma processing powers due to thernal
fatigue and/or nelting-of the bond. Dry plasma etching, reactive ion

et chi ng, wamok/esamsmi | i ng techni ques were 25 devel oped i n perd&o1/koropver cone
nunerous |limtations associated with chem cal WO 02/ 054444 PCT/US01144701
27 JUN 83 n etching of seniconductor wafers. Plasma etching, in 27 JUN25
particular, allows the vertical etch rate to be nade nmuch greater than the
horizontal etch rate so that the resulting aspect ratio (i.e., the height
to wdth ratio of the resulting notch) of the etched features can be
adequately controlled. In fact, plasma efching enables very fine 5 features
with high aspect ratios to be forned in filnms over 1 mcroneter in

t hi ckness. During the plasma etching process, a plasnma is forned above the
masked  surf gggingfoftsBRictAlGS oY aRRedi Pﬁsﬁlaéwghﬁcﬁfar,eﬂﬁfv@ym& Qeficgps at
relatively low pressure, resulting in ionizing the gas. By adjusting the

el ectrical petrkmitead bofmadeenudh moaitet than ¢he orimoné] ctoboiatecdrathgettie serltings i n
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ion 1.5 et chianges czﬁﬁhﬁglﬁﬁsﬁe&eraﬁo@fogﬁa foemed ahfinfs 6¥drectscrofmeteien pl asma with
the chem cal etching effect of the gas. However, many chem cally active

agents have Buedmess.ound to cause excessive electrode wear. It is desirable

to evenly distribute, th asma over the surface.of th fer in._order to
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pressure, resulting in ionizing the gas. By adjusting the electrical potential of the
10 substrate to be etched, charged species in the plasma can be directed to impinge
substantially normally upon the wafer, wherein materials in the unmasked regions
of the wafer are removed.
The etching process can often be made more effective by using gases that
are chemically reactive with the material being etched. So called "reactive ion
15 etching" combines the energetic etching effects of the plasma with the chemical
etching effect of the gas. However, many chemically active agents have been
found to cause excessive electrode wear.
It is desirable to evenly distribute the plasma over the surface of the wafer
in order to obtain uniform etching rates over the entire surface of the wafer. For
20 example, U.S. Patent Nos. 4,595,484, 4,792,378, 4,820,371, 4,960,488 disclose
showerhead electrodes for distributing gas through a number of holes in the
electrodes. These patents generally describe gas distribution plates having an
arrangement of apertures tailored to provide a uniform flow of gas vapors to a
semiconductor wafer.
25 A reactive ion etching system typically consists of an etching chamber with
an upper electrode or anode and a lower electrode or cathode positioned therein.
The cathode is negatively biased with respect to the anode and the container walls.

The wafer to be etched is covered by a suitable mask and placed directly on the



shower head el ectrodes for distributing gas through a nunber of holes in the
el ectrodes. These patents generally describe ;as distribution plates having
an arrangenpodssef apertures tailored to provide a uniforwcfih®orefogas
vapors to a sem conductor wafer. 25 A reactive ion etching system
typically consists of an etching chanber with an upper electrodezqu@pﬂgp
and a |l ower electrode or cathode positioned therein. The cathode’is )
negatively biased with respect to the anode and the container walls. The
wafer to he etched is covered by a suitable mask and placed directly on the
WO 02/ 053444 PCT/ ;sar/a4701 2711iN?;)C3-.3_ cathode. A chenmically
reactive gas such as CF4, Cl-1F3, CCOF3 and SF, or mxtures thereof with
0., N2, He or Ar is introduced into the etching chanber and nmaintained at
a pressure Wahbdd.sAtchpingally Yedddive p@s Bidhl dstCF,; CHMgECIThend!PPesr el ectrode
is provided with gas holes which permt the gas to be unifornmly 5 dispersed
t hr ough -t he @liseresdlierephwishtheNoh rAT iy ieirasiueed it thiej ed¢king shamber shd d

bet we th . and, th t hod i 1. di iate th j f i
o prasmn  TREGaPEd et Brestitt Wil whcdhtRale B Rt T BB on w i b
 Plasma. T . By TSR ion
the active  RBAAIE RIRIEMYS boRISHAL Mlmblife ba0® B Ehithagy the surface

of the wafer. el"ectric ate ctro WIYl attract

the ions5to tdispesad todegh hawiscngdd Gntd hiee ¢chnandet.0Th¢ elekeict ficldesmblaghedi n a
pr edom nant | %gverti cal direction so that the process produces well-defined
vertical ly etbehegnshejenodaland thestavhsrywitirdissogialeNQERREDIE Thfeforminen i on

provides a |low resistivi silicon el ectrode adapted to be nted in a
pl asma react ip%m@ha%eﬁn_r{?g%af {hﬁ‘ggﬁ{ E&i‘é{?ﬁﬁgﬁﬁ?ﬂ@g{ew&?@%@ﬁg enzbc. V€15 The
el ectrode hagoanRlfohbmedtind @Sistdr of thy iodk sy hBRrflcOHMER@ANMTRD RF
driven or electrically grounded surface on one side thereof, the surface
bei ng exposecldcaic field created by the electrodes will attract the ions to the cathode, causing

10 the ions to strike the surface in a predominantly vertical direction so that the

process produces well-defined vertically etched side walls.

SUMMARY OF THE INVENTION

The invention provides a low resistivity silicon electrode adapted to be
mounted in a plasma reaction chamber used in semiconductor substrate processing.
15 The electrode has an electrical resistivity of less than 1 ohm-cm and an RF driven
or electrically grounded surface on one side thereof, the surface being exposed to
| plasma in the piasma reaction chamber dufing use of the electrode. Preferably, the
resistivity is less than 0.1 ohm-cm, more preferably less than 0.05 ohm-cm.
According to a preferred embodiment of the invention, the electrode can
20 comprise a showerhead electrode having a plurality of gas outlets arranged to
distribute process gas in the plasma reaction chamber during use of the
showerhead electrode, e.g., the gas outlets can have diameters of 0.020 to 0.030
inch and the gas outlets are distributed across the exposed surface. The electrode
preferably comprises zero defect single crystal silicon having heavy metal
25 contamination of less than 10 parts per million. According to a preferred use, the
electrode can comprise an electrically grounded upper electrode of a parallel plate

plasma reactor.



plasma in the plasma reaction chanber during use of the el ectrode.
Preferably, the resistivity is less than 0.1 ohmcm nore preferably |ess
t han. 0. &0 odnmms According to a preferred enbodi nent of tpheugayeison, the
el ectrode can 20 conprise a. showerhead el ectrode having a plurality of
gas outlets arranged to distribute process gas in the plasma reqppUngm%
chanber during use of the showerhead el ectrode, e.g., the gas outlets can.
have di anmeters of 0,020 to 0.030 inch and the gas outlets are distributed
across the exposed surface. The electrode preferably conprises zero defect
single crystal silicon having heavy netal-25 contamnination of |ess than 10
parts per mllion, According to a preferred use, the electrode can
conprise an electrically grounded upper electrode of a parallel plate

pl asma reactor. WPh@2{2a8dddantbd inttaldd a of aﬁeleﬂi@deeis@é&hblg% aGslisIRe

installed as part of an electrode assenbly in a plasma etch reactor. For
i nstance, t heickireantorodeorciastaine, horadesdrode can dappoded wendwpottynember by an

el astonmeric joint, the elastoneric jaint conprising an electrically
conduct i ve  ERHOHISHERnhhe FREPMEEE JRIBrComRrung 8t Fhadcally cwf{;wg&%port
menber, the ] ' r.ayl di I.cal rent path
bet ween the gﬁggﬁ%%@g%%%lﬁhg&g%epg?&%@rt:ﬁgIsnﬁ@%ﬁ?@e%ﬁ#éngenent, t he
el ectrode capla@®niegithiteidllprovigingdiRedechicad caHRROPdth BERREH tiRyelecttdRMNdNY

menber. |f desired, the el ectrodée can be a showerbead el ectr_o_de bonded or
cl anped to athesupportnaneber odn apdtherdarrangpiyent,ithe alecirpdeecdnore wshilianghy asnma

Gac. passage. CHEEYIing SHPRATh EETEOLRE o oIHIBE nitHNRSr b4 IBR 0B 00 such
o SRl b S ORI LIRSS ARG auoy ) oo
suppl i es progRsthegds awmteﬁomd@ssmmam thenbafwheeiprth© teniperatp@s si ng
t hrough t he shower head el ectrode.
10 controlled member includes a gas passage supplying a process gas to the
showerhead electrode. In such an arrangement, the temperature-controlled
member can include a cavity and at least one baffle plate located in the cavity such
that the gas passage supplies process gas which passes through the baffle prior to
passing through the showerhead electrode.
15 The invention also provides a method of processing a semiconductor
substrate in a plasma reaction chamber wherein an electrode assembly includes an
RF driven or electrically grounded silicon electrode having a resistivity of less than
1 ohm-cm. The method includes supplying a semiconductor substrate to the
plasma reaction chamber, supplying process gas to an interior of the plasma
20 reaction chamber, energizing the process gas to form a plasma in contéct with an
exposed surface of the semiconductor substrate, and processing the substrate with
the plasma.
In a preferred embodiment, the semiconductor substrate comprises a silicon
wafer and the method includes etching a dielectric or conductive layer of material
25 on the wafer. Alternatively, the method can include depositing a layer of material
on the semiconductor substrate. The electrode can comprises an upper electrode in

a parallel plate plasma reactor. In the case where the upper electrode is grounded,



15 The invention al so provides a nethod of processing a sem conductor
substrate in a plasma reacti on chanber wherein an el ectrode assenbly
includes an RF driven or electrically grounded silicon el ectrode having a
resi sti visMoyo2alssd4€ss than 1 ohmcm The net hod incl udes spgplgéng @&

sem conductor substrate to the plasnma reaction chanber, supplying process
gas to an interior of the plasma 20 reaction chanber, energi zi ng ’hﬁ e
process gas to forma plasma in contact with an exposed surface f I
sem conductor substrate, and processing the substrate with the plasma. In
a preferred enbodi ment, the sem conductor substrate conprises a silicon
waf er and the nethod includes etching a-8ielectric or conductive |ayer of
material 25 on the wafer. Alternatively, the nethod can include depositing
a layer of material on the sem conductor substrate. The el ectrode can
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case where the upper electrode is grounded, WO 02/ 054444 44701 27
JUN 20d _s_prdeessingwefrthesestraigde can be supplied RF energy of at |east one

frequency during rocessi of the. substrate. |n a preferred pl
et ching process, lhbDEIEgd BRSNE SROLGHRIPTSE G CREUOM FARLFOEPIGIA RY yst al

silicon showgl: :
t enper at ur e?@gﬂ%@ég%@ﬂﬂ%g}cgﬁEﬁ%gﬁ@%%l%eﬁo%pg%ggglaén sd |I°sa supplied to
the shoger heatheedteRtdondelled henfRer dirbi@nwalcBahé prR e sTioEupplibe tpthasma by
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grounded, non-powered single crystal silicon showerhead electrode bonded or
10 clamped to a temperature-controlled member through which the process gas is
supplied to the showerhead electrode. The grounded showerhead electrode can
provide a ground path effective to confine the plasma and the substrate can
comprise a silicon wafer which is subjected to etching by the plasma.
In use, the electrode according to the invention can couple RF power into
15 the plasma more efficiently and with less heat-up compared to a conventionél
electrode having an electrical resistivity of 10 ohm-cm or higher. Further, in the
case where the electrode according to the invention includes gas outlets through
which the process gas passes into the chamber wherein the gas outlets have
diameters of 0.020 to 0.030 inch and the process gas comprises an etchant gas, the
20 electrode can exhibit less build-up of polymer byproducts within the gas outlets
and on a backside of the electrode during etching of the substrate with the etchant

gas compared to a conventional electrode having 0.033 inch diameter gas outlets.

BRIEF DESCRIPTION OF THE DRAWINGS
The invention will now be further described with reference to the figures,
25 wherein:
FIG. 1 is a schematic illustration of a plasma reactor system in which the

low resistivity electrode according to the invention can be used;



provide a ground path effective to confine the plasma and the substrate can
conprise a silicon wafer which is subjected to etching by the plasma. In

use, theyweBrkiQgde according to the invention can couple RRWELZbtO 15
the plasma nore efficiently and with | ess heat-up conpared to a

conventional electrode having an electrical resistivity of 10 chi h-JEinik
hi gher. Further, in the case where the electrode according to the i

i nvention includes gas outlets through which the process gas passes into
t he chanber wherein the gas outlets have dianmeters of 00°0 to 0.030 inch
and the process gas conprises an etchant-ggas, the 20 el ectrode can exhibit
| ess build-up of polynmer byproducts within the gas outlet, and on a
backsi de of the el ectrode during etching of the substrate with the etchant

gas conpared to a L : i i i gas

gas compar ed, L0 AERIY B LD A RhBEAE 1BV A0 MR o P iR B 02
further descadsbRblydcbrdi®f @ £i£€ eb®ollivgent bfthegfresen2mvehgsei n: FIG 1 is a
schematic illustration of a. plasma reactor systemin which the |ow
resistivity el ect Ffde3 acxsideisengional vipw af mlewttesistiignstoavenbend; elaadod2/ 054444

PCT/ (759} 1144701 -6 FIG 2 is a side sectiopal view of a.lowresistivity
shower head efSSERPIRCCOLIRE P §FCSE€Spgpa‘&‘%og&‘ﬁﬂrgstenbmﬁﬁ?%nt of the
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present invepiGom;, 5 FICA is a side sectional view of a detail 14" of the
arrangenent shown in FTG 3; FIG 5 is a side sectional view of a | ow
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FIG. 6 shows details of the electrode assembly shown in FIG. 5; and
10 FIG. 7 is a side sectional view of a portion of the arrangement shown in

FIG. 3.

DETAILED DESCRIPTION OF THE INVENTION
The invention provides a low resistivity silicon electrode which has
advantages over conventional higher resistivity electrodes used in plasmé reactors

15 by providing improved impedance to ground which improves plasma confinement,
improved plasma processing such as increased etching rate while maintaining etch
rate uniformity, and/or improved temperature control by minimizing heat-up and
reducing ohmic losses whereby power can be more efficiently coupled into the
plasma.

20 It has been found that the silicon electrode according to the invention
provides unexpected improvement in plasma processing of semiconductor
substrates such as silicon wafers, particularly during plasma etching compared to
conventional electrodes. For purposes of explanation, the electrode according to
the invention will be described with reference to a showerhead electrode useful in

25 plasma processing of semiconductor substrates.

According to a preferred embodiment of the invention, a low resistivity

electrode is used as an upper electrode of a parallel plate plasma reactor for



10 FIG 7 is a side sectional view of a portion of the arrangenent shown in
FIG 3. DETAILED D SCRIPTION OR "rHE;, |INVENTION The invention provides a

| ow resi §id yidsyss5i | i con el ectrode which has advant ages oyg@nggpxﬁgflonal

hi gher resistivity el ectrodes used in plasna reactors y providing

i nproved i npedance to ground which inproves plasma confinenent, % | ﬁgﬁd

pl asma processing such as increased etching rate while naintaini gpé-

rate uniformty, and/or inproved tenperature control by m nim zing heat-up
and reducing ohm c | osses whereby power can be nore efficiently coupled
into the plasma. 20 It has been found t-fiat the silicon el ectrode accordi ng
to the invention provides unexpected inprovenent in plasm processing of
senri conductor substrates such as silicon wafers, particularly during
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supported on ectrostati c chuck having a a e on

whi ch tae waélettrode orsglpqde asseinblyisZnomtédimavnianeerufapiditatiag eemovglefrothn such
systens, the electrode can 5 be part of an el ectrode assenbly which nust be

repl aced per édlesana ghampigris For n@tanéfr be pl@e@dﬁ— cagl hecpaicaly slampgdite a

mounted in a urf)%gptet;y z];.n%lcslulltlagla qru% gﬁch as thap scribed in commonly owned U.S.

Patent No. 5,569,356 to Lenz et al., the disclosure of which is hereby

10 incorporated by reference. Alternatively, the electrode can be metallurgically or
adhesively bonded to a support by any suitable technique such as that described in
commonly owned U.S. Patent No. 5,074,456 to Degner et al., the disclosure of
which is hereby incorporated by reference. Still yet, the electrode can be bonded
to a support by an elastomeric joint such as that described in commonly owned

15 U.S. Patent No. 6,073,577 to Lilleland et al., the disclosure of which is hereby
incorporated by reference.

The low resistivity electrode according to the invention can be used in the
plasma etch system illustrated in FIG. 1 wherein an electrode assembly 10
including an upper electrode 12 is located in a parallel plate reactor system 50

20 having a chamber 52, an inlet load lock 54, and an outlet load lock 56, details of
which can be found in commonly owned U.S. Patent No. 4,340,462, the
disclosure of which is hereby incorporated by reference. The chamber 52 includes
a lower electrode plate 58 which is adapted to receive a single wafer substrate on
its upper surface. The electrode assembly 10 is mounted in an upper housing 59

25 which can be moved vertically by a mechanism 60 whereby the gap between
electrode 12 and electrode 58 can be adjusted. '

The load locks 54 and 56 include transfer devices to transfer wafers from a

wafer supply 62 through the chamber 52 and out to a wafer receptacle 64. An



t he plasma chanber. For instance, the el ectrode can be nechanically cl anped
to a support by any suitable technique such. as thdt described in commonly

owned U. g oigigpt No. 5,569,356 to Lenz et al., the disc ) ichis
hereby 10 i1 ncorporated by reference. Alternatively, the ekgiwﬁgﬂg@ﬁﬂ be

metal lurgically or adhesively bonded to a support by any suitablyg JuN 2t%Hh
techni que such as that described in comonly owned U S. Patent No.

5,1) 74,456 to Degner et al., the disclosure of which is hereby

i ncorporated by reference. Still yet, the electrode can be bonded to a
support by an elastonmeric joint such as ghat described in commonly owned 15
U S Patent No. 6,073,577 to Lilleland et at, the disclosure of which is
hereby incorporated by reference. The low resistivity el ectrode accordi ng

to the inventj ' p ySt: ' ed in FIG
| wherein ante%ﬁ‘{ehé?rg gé’g’%éi Zggso{:%géd i“’g(k:‘i%a‘g’uﬂ%‘glh §§ tépggielr%?e‘%dé%#? gésgfoltgei S

| ocated in acpakédd Rkertbigt1®. rg%&M§@%& edntAVinathtAns haBiid 52, an
inlet load | ock 54, and an outlet |load lock 56, details of which can be
found i n conwamiun ivthe dhamisr, Pat e8100Ndo 14 T340, Acholinpevateli mutasid 88 of whi ch
i s. hereby incorporated by reference. The chanber 52 includes _a |ower

el ect; ode pFaRIECKs W Hedipper ang ipsrelecirgdessiognaiatasn fierypicdaiiedr substrate

L ! g !
nousi ng 56" oterrs and fdoft FE R AREERe A plo BNl ot BV 1
gap between pelsaatiRdR 162 RRts 5haal 5ade pEweAsREe 28 pusii@s radlderéqatcy ocks

54 and 56 include transfer devices to transfer wafers froma wafer supply
62 t hrough t KRFrpewmdrep thoupped andiortlower eledftendes é2@pd &8l e 64. An WO 2/ 034444

PCTttJSO /44701 -8 et t ly 70 i t t he .h i 50 t
del i ver et chant g%et"?ﬂécqqﬁlge elgglé elr%g‘?éx@&l@:?_g? ggg‘ggﬁhﬁPQagﬁ@??%%SI " >
zi(r)r fli_g?‘r':'”em %gelcm@é\gftenﬁz f dle "Tbﬁ:‘;gf fl‘sd?sﬁ‘ié‘ﬂbﬁd%dttg% &BpoRG g fr By a sBiefi}d tO

A cool'I ng er source
10 bonding technique such as brazing, soldering, adhesives or the like. The electrode

comprises a showerhead electrode which includes apertures 16 to distribute a
reactant gas therethrough. The ring 14 includes a flange and extension sized to
engage the upper surface of the showerhead 12. The ring 14 is secured to an
electrically conductive backing plate 80 such as an aluminum plate via fasteners

15 (not shown) and a cooling channel 84 covered by plate 64 forms a cooling duct for
circulation of cooling water supplied by source 74. RF power from source 78 can
be supplied to the plate 80 and conducted through the ring 14 to the plate 12 for
energizing plasma in the chamber 52. Alternatively, the electrode 12 can be
grounded to provide a ground path for plasma generated in the chamber by the

20 lower electrode 58. Reactant gas from source 70 enters the plate 80 through
passage 86 and then passes into a baffle arrangement which includes baffle plates
87 and 88. While two baffle plates are shown, any suitable baffle arrangement can
be used or omitted. Surrounding the ring 14 is an inner insulating or conductive
ring 90 and an outer insulating ring 92, both of which protect the ring 14 from

25 direct contact with the plasma.

The low resistivity electrode according to the invention can be used in the

captive electrode system shown in FIGS. 3-4 wherein the electrode assembly

includes an electrode 130, a support member 132, and a plasma confinement ring



connected to the upper and | ower electrodes to nmaintain themat desired 5
tenperatures and a | oad | ock punp arrangenent 76 provides a desired vacuum
pressure in the |oad | ocks 54 and 56. A power source 78 provides radio
frequencWO @2/054+dwer to the upper and/or |ower el ectrodesPCPUSHULEEL
Details of the electrode assenbly 10 are shown in FIG 2 wherein an

el ectrode plate 12 in the formof a disk is bonded to a support r'zr?g iqzl)
a suitable 10 bonding techni que such as brazing, soldering, adhe iv“gJ
the like. The el ectrode conprises a showerhead el ectrode which includes
apertures 16 to distribute a reactant 935 t heret hrough. The ring 14

i ncludes a flange and extension sized to” engage the upper surface of the
showerhead 12. The ring 14 is secured to an electrically conductive

backi ng plate 80 such as an alum num plate via fasteners 15 (not shown) and
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FIGS. 3-4 wherein the electrode assenbly includes an electrode 130, a

support nenmbeB4Bayidenaresilisnaelampingrioreseagainst an pgfergprtion pfse exppsed N
T U80114167a1 sujf{acé] of the electrode 130. The confinement ring 134 is preferably fabricated

Ry
:

f!
or

from a dielectric material such as a heat resistant thermoset polymer (e.g.,
Vespel™ made by Dupont) which is stable in a plasma environment or the ring can
be made from ceramic materials such as alumina, zirconia, titania, silicon nitride,
silicon carbide, etc. or a dielectric coated metal can be used for the ring 134. If

15 the ring is of an inelastic material, the bolts 135 can be made of an elastically
deformable material such as Vespel™ to provide the resilient clamping force on
the electrode 130. Alternatively, the ring 134 and the bolts can be made of
elastically deformable material. Details of suitable clamping arrangements are
provided in the Lenz et al. patent incorporated by reference above.

20 Pressure in the plasma reaction chamber can be monitored via gas passage
154 in ring 134. O-ring 144 surrounding passage 154 provides a seal between
member 132 and ring 134. To enhance thermal conduction between electrode 130
and member 132, process gas can be supplied through passage 155 and maintained
under pressure in an annular channel (not shown) in member 132 and O-ring seals

25 142 and 143 can be used to maintain gas under pressure in the channel.

With reference to FIGS. 5-7, a low resistivity electrode 210 according to
the invention can be bonded to a support ring 212 by an elastomeric joint 246. As

shown in FIGS. 5-6, the electrode 210 is a planar disk having uniform thickness



-9 134 clanping the electrode to the menber 132. The ring 134 is attached
to the nenber 132 by bolts 135 threaded into nenber 132. The nenber 132

i ncl udesyopapmspassage 136 to provide process gas to a recgéﬁ/ygg.ﬁ“%)lnt ai ni ng
three baffle plates 140. A |ower surface 1.32a of nenber engages

el ectrode 130 to supply S RF power thereto and a radially outer surface
132h of nenber 132 contacts an upper surface of ring 134. A fl ahgellld6hof
menber 132 allows attachnent of the electrode assenbly to the interior of
a plasnma reaction chanber. Cooling channels 152 in nmenber 132 allow
cooling of the, electrode assenbly. A flLamge 150 on ring 134 provides a
resilient clanping force against an outer portion of the exposed 10 surface
of the electrode 130. The confinenment ring 134 is preferably fabricated

froma diele i teri esi . | ymer
(e.qg., _Vespg[b{d &rlrla etgt%gg%ﬂ%gn )?&mg?l?ﬁﬁ%nsé%@aﬁbgaﬁ%sga%@%%y gfr?lvi r ot ui hent
or t he\ ring ﬁl@ﬂnm@ﬁ c'lmﬂﬁnﬁ 13 X18't3 b GG t%fn%eﬁd&ﬁ@,—c@ﬁtr@héﬁﬂn@ﬁber 214
zircon =.a, titania, silrcon nitride, silicon carbide, etc, or a

di el ectric cbatieg watertcablicgiohdmelssdad. fWatet iecirdubayed 8dtheldoolitg thamnelsng i s of

an inelastic_material, the bolts 135 can be nmade of gn elastically
def ort uabl e A&t BY i%ater @i?é/ﬁug‘%t 0QBBEFAIOPS 2137 pARIAIRA sodinement 1B 216l anpi ng

force ong th rade %H ved ' | s can
be nade %f g?@éﬁgéga@ﬂ‘ys e %fréijé‘%fdé mat erl alr.ui %ESP é‘:opgd%@ésowggﬂﬁh%?éﬁpi ng
arrangenent s eRt@odeP2 10/ i WRE piadmhRenfifdider ringl 21708 bONREd td8 aleRRtral Athuby
reference above. 20 Pressure in the plasna reaction chanber can be

moni t ored vi aing2d 8pulssladfeturn Suiboltedrtp nglidlgatric onsing 2184 Jhe porpedt agd passage
conduct | on' bEEER Of FORRTGHS" 188 214 tiHENBeR PIRureH HeeOutga TR |
S L e SO BSS LR B0 DURGAETERS S 0 9B
used to10ui npaisthaghsrebn deiififihg Ssuplesthnbdtiveeie tirRnipper aMl Idwearedeetreaee Ao Pl G
5-7, alowresistivity electrode 210 according to
radially inwardly extending flange of clamping ring 216 engages the outer flange
of graphite support ring 212. Thus, no clamping pressure-is applied directly
against the exposed surface of electrode 210.
Process gas from a gas supply is supplied to electrode 210 through a central
15 hole 220 in the temperature-controlled member 214. The gas then is distributed
through one or more vertically spaced apart baffle plates 222 and passes through
gas distribution holes (not shown) in the electrode 210 to evenly disperse the
process gas into reaction chamber 224. In order to provide enhanced heat
conduction from electrode 210 to temperature-controlled member 214, process gas
20 can be supplied to fill open spaces between opposed' surfaces of temperature-
controlled member 214 and support ring 212. In addition, gas passage 227
connected to a gas passage (not shown) in the annular ring 218 or confinement
ring 217 allows pressure to be monitored in the reaction chamber 224. To
maintain process gas under pressure between temperature-controlled member 214
25 and support ring 212, a first O-ring seal 228 is provided between an inner surface
of support ring 212 and an opposed surface of temperature-controlled member 214

and a second O-ring seal 229 is provided between an outer part of an upper surface

of support ring 212 and an opposed surface of member 214. In order to maintain



the invention can be bonded to a support ring 212 by an el astoneric joint
246. As shown in |ISTGS. 5-6, the electrode 210 is a planar disk having
uni f orm two okomsst ' 4vo 029954444 PCTATS01/ 44701 10 from ¢ert®orifroedge
thereof. An outer flange on ring 212 is clanped by an aluninun1cbagﬁbqﬂw
ring 216 to an al um num tenperature-controll ed nenber 214 having 00
cooling channels 21.3. Water is circulated in the cooling channels 213 by
water inlet. outlet connections 213a. A plasna confinenment ring 217 5
conprised of a stack of spaced-apart quartz rings surrounds the outer

peri phery of electrode 210. The pl asna ddnfinenent ring 217 is bolted to a
dielectric: annular ring 218 which in turn is bolted to a dielectric
housi ng 21.8a. The purpose and function of confinenent ring 217 is to

cause a presse&adininh eidfinn@dnt iMcHangher 224! fdditidRANOLAEEEBBEE 2Bhare! ectri cal
resi stance between the reaction chanber walls and the 10 pl asma t hereby

confining t heprpwi;bdﬂ)etymemﬂ@nperaﬂuee—umpmlledrmbmm;éMené(cylimﬂé@l m&mbeadi al | y

i nwardly extending flange of, ¢l.anping ri 216 engag the outer flange of
graphite sup bq;qd,{&t\ﬁep_cyhﬁ ¢ ﬁ%eng'?eér;ggh@n g gfgas applied directly
agai nst the expose 0 I gas supply
is supplied to el eg{éf'%é@‘%oﬂ E‘H&o‘g‘%ﬂ%&%“eﬁf"&ﬂ féa?%@%%bg?%@ “ﬁ{é}ﬁe

t enper at @ e- cgladticel 20 ivBoRRA t%fbotrﬁ&ﬁy@aﬁdﬁdﬁe@s@oeﬁ sig 2b2bedn t hrough one
or nore vertically spaced apart baffle plates 222 and passes through gas

di stribution ¢tlestemexiaintdiéwbich nan he lashiedtin adece2s 248,tas sbownlip FiGsder se t he
Conduct i on- 1 r SHF BIeER HEGBBIY BxeBfantumsiCunbRe HecUPReREBE Do, pr ocess
O e at s, BUBED et o 060, SREEEROE T O e en O
passage 227 Eatiheell 260 tan Be goamipaspegbld, og. HoovE) mils wite, whiehladowsi ng
21.8 or confinement ring 217 allows pressure to be nonitored in the
reacti onl0 chatigelasporaer tcrgorm a thin layer (e.g. about 2um thick in the case where the
elastomer includes 0.7 to 2 um sized filler such as conductive particles of
aluminum, silicon, silicon carbide, or the like) in the area in contact with each wall
250 and a thicker layer (e.g. about 0.0025 ihch) in the recess 248. The recess
formed by the walls can be extremely shallow, e.g. about 2 mils deep, which
15 provides a very thin elastomeric joint having enough strength to adhesively bond
the electrode to the support ring yet allow movement of the electrode relative to
the support ring during temperature cycling of the electrode assembly.
Additionally, the walls of the recess can protect the elastomeric joint from attack
by the plasma environment in the reactor. It should be noted that the recess 248
20 can be omitted and the elastomer bond can be provided as isolated or continuous
thin beads of elastomer between mating planar surfaces of the electrode and a
support member, e.g., the elastomer can be deposited as one or more thin annular
beads between the electrode and a support member.
Conventional showerhead electrodes have been made from single crystal
25 silicon having a resistivity of 10 ohm-cm or higher. While such electrodes have
performed well in plasma etch reactors, it has been discovered that performance of
such electrodes can be unexpectedly improved by lowering the resistivity of the

electrodes. For instance, according to the invention, the resistivity of the electrode



mai ntai n process gas under pressure between tenperature-controlled nenber
21.4 25 and support ring 212, a first O-ring seal 228 is provided between

an i nnerwgf@ens of support ring 212 and art opposed sur
tenperature-controll ed menber 214 and a second O-ring seg??@fgicmml

: [ 2 7p§{PNVfﬂged
bet ween an outer part of an upper surface of support ring 212 and ’ar™ &%
opposed surface of nenber 21.4. In order to maintain WO 02/ 054444
PUFAI SO1i 44701 the vacuum environment in chanber 224, additional O-rings
230, 232 are provided between tenperature-controlled nenber 214 and
cylindrical nenber 218b and between cyl-ipdri cal nenber 218b and housi ng
21.8a. FiG 6 shows further details of a showerhead assenbly 240 wherein 5
el ectrode 210 is bonded to electrically conductive support ring 212 by an

el ast omeri c jw}éahc&fg,4rg§y§§%?g§%g?§rnégtfe§ﬁﬂlyi0‘.0@5 £$6 85 ohafBm. APneSHaNial N

FIG 7. The recess nds“conti1 nuously around the support

ring 212 betofeignelactrodenie pravetably(4206 dsfeovsinglaneysad sidicoe rwhiet s W faf t he
support ring 212. Each wall 250 can be as thin as possible, e.g. about 30
mls wide, winahngsilieoswaters.hén eddisern miirertpategalmnsach a oW wyskviesicombout
2iimthick in tthg cas%?l \A,Bere#?e ella%t mer includes 0.7 to 2 an sized
filler such Z&AChEttE Yy CB§ o&f.lgse%cf & uni num silicon, silicon carbide,
or the Iske) in tNgRE&Rs it ofOBLBGHmAhL §F BEERVNBbA, thé @R cADEe Sorhbriskar | ayer
(e.g. about 0.0025 inch)~“in the recess 248. The recess formed by the walls
can be extr erpebyndeliahbwerhead gleciaduizlin a2plasmas redewp whebdin thelplasmpa Gvi des a very

thin. elastorneric joint having enough strength to adhesively bond _the
el ectrode to BeR@ # lovysripdeciiete HICORRT#BY anEie: substrate supnosk t slgeired| at i ve

to the supp [ i [ re..C j C assenbl y.
L VP % BB P By SPGEL e e
from attack f@éqdbﬁ%f Blasdeo géﬁé'rafte B Bistdif tHeSladBRAGEeArto Proces@walleibmdnpt ed
that the recess 248 20 can be onmtted and the el astoner bond can be
provi dedOas ilewknfrequency donsedriaapply at desired Bddsiapfo bk astfemeCompareddn amat i ng
pl anar surfaces of . t hF iﬁl ectrode ang a.
conventional silicon electrode and using the same process parameters, the low
resistivity electrode according to the invention can provide an etch rate which is
unexpectedly increased by 5 to 10% while maintaining etch rate uniformity.
The improved etch rate achievable with the low resistivity electrode in
15 accordance with the invention may be the result of an improved low impedance
path for RF grounding/coupling in the plasma reactor. Also, the confinement
window (i.e., process conditions such as chamber pressure and power supplied to
the electrode) can be improved using the low resistivity electrode. For example,
in the Exelan™ and Exelan HP ™ reactors manufactured by LAM Research
20 Corporation (the assignee of the present application) wherein the low resistivity
electrode is a grounded upper showerhead electrode, the low resistivity electrode
can improve the confinement window significantly compared to the previously
used electrode having a resistivity of 10 to 20 ohm-cm. The improved etch rate
can also be achieved when the electrode is used as a powered upper showerhead
25 electrode in reactors such as the 4520XLe™ manufactured by LAM Research
Corporation.
Low resistivity electrodes absorb less power from the RF current passing

through them due to I’R losses than higher resistivity electrodes. This results in



support nenber, e.g., the elastoner can be deposited as one or nore thin
annul ar beads between the el ectrode and a support nenber. Conventi onal
shower head el ectrodes have been nmade fromsingle crystal 25 silicon having
a resi st iwobdyo0i4410 ohmcm or higher. Wiile such el ectrodpgrhaypss7per f or ned
well in plasma etch reactors, it has been discovered that perfornmance of
such el ectrodes can be unexpectedly inproved by |owering the resi gt/ Wit 300f
the electrodes. For instance, according to the invention, the resistivity
of the el ectrode WD 021054444 PC 71JS01/44701 L JUN 2':)x''7 -12 is
reduced to less than 1 ohmcm, preferably 0.005 to 0.(92 ohmcm The
material of the electrode is preferabl yl3ero defect single crystal silicon
which is used for making silicon wafers.. In addition, other materials such
as lowresistivity silicon carbide can also be used for the electrode. 5
According to Rae ppweedeiBiivaiibld ftEbd 4b6Hel O, thé BRs@hE6E & @flen EneF S0y @
grounded shower head el ectrode in a plasma reactor wherein the plasma is
gener at ed by mwepwetpuel dbe addiconal pompeo patpetidélivetdidetoshd plasme enayulppport . | f
desired, the |ower e|ectrode can be sug) I.i ed dual frequency power wherein

a higher fr JGROREYIE for ReMmnreveskatel rikacieyed iy hs lowaepshaveelertender o

process a waf . f USNCH. .J j.red RF bias
to the wafer .a%é%@pﬂ]%rtg&ﬁ ?oul Vgﬂﬁcgc%négﬁt ﬁéndaéf}eéf#@&h&%%%ﬁ%%@ugﬁgkusi ng the
same progess dkhdae t@hSoratiftewhRW cah Bfils Sedutetweaelog gitd Qle@rqieGRl ¢xiad e t he
invention. can provide an etch rate which is wunexpectedly increased by 5

to 10% whi | e usefuhii& of thg elctohde antd itngelde trbe yeplakied. | nproved etch rate
achievable with t |l ow resistivity electrode._i ccor e with the
i nvention may be t ‘F‘E’é’ﬁﬁ‘qonéielﬁ‘ﬁr({dr?ﬁl?ﬁ%‘& tﬁ%@"aﬁﬂé‘gaﬁ@&n Iggﬁi“fdor_ RF
groundi ng/ couphhg 1R OL lﬁﬁﬁg%ﬁondéh $& sugpdft ﬁﬂg&fdnﬂ‘%‘ﬂ&iﬁted iﬂl @§°¥Vo

(i.e., process conditions such as ¢ er pressure and power supp
reactors as replaceable electrode assemblies. The low resistivity electrodes

10 according to the invention can be mounted in the same manner or they can be
mounted by other suitable arrangements such as by mechanical clamping
arrangements or other bonding techniques such as adhesives, solders or brazing
compositions.

The following exemplary embodiments are provided for purposes of

15 illustrating suitable low resistivity electrodes in accordance with the invention. It
will be apparent to those skilled in the art that other electrode designs will also be
suitable for the electrode in accordance with the invention.

During manufacture of a low resistivity showerhead electrode according to
the invention, it is desirable to remove damage inside holes created during

20 ultrasonic drilling of the holes. Such damage can be removed by etching in a
strong acid and polishing the electrode. This allows faster conditioning of the
electrode after installation in a plasma reactor. Also, the electrode can be cleaned
faster during a periodic wet clean recovery process, i.e., after processing a certain
number of wafers. Another advantage exhibited by the electrode is that it exhibits

25 improved wear characteristics compared to a conventional electrode.

In order to reduce polymer deposition behind the showerhead during
plasma etching, the through holes can be made smaller than in a conventional

electrode whereby the back pressure behind the electrode can be increased to



the el ectrode) can be inproved using the lowresistivity el ectrode. For
exanple, in the Exelari TM and Exelan |lp TMreactors nmanufactured by LAM
Resear chygPyfRiper ati on (the assignee of the present applhe§gkgplnwperein
the lowresistivity electrode is a grounded upper showerhead el ectrode,
the low resistivity el ectrode can inprove the confinement w ndow/ JUN 208
significantly conpared to the previously used electrode having a
resistivity of 10 to 20 ohmcm The inproved etch rate can also be

achi eved when the electrode is used as a powered upper showerhead 25

el ectrode in reactors such as the 4520XLgy4." 1 manufactured by LAM Research
Corporation. Low resistivity el ectrodes absorb | ess power fromthe RF
current passing through themdue to PR | osses than higher resistivity

el ectrodes. Thi,s results i.n 02f0544-t1 tYi) .at,d87ar i.i JUN2uO5_ -13
mor e pover bt pBiiE o THERED 47 Hodics iaenilos Sftesiths bR A rr
gener at or pgmgsr : it : i

pl asma nmay b r‘%ﬁgfgﬂis%%‘? y@gﬁﬁeﬁ?%pgg%@%%?%dédgiﬁg@gg Hv?ﬁstﬁgtﬁhe | ow
resistivity edlsctgdadepolaaredddperitidroon hdafflevest iadjacestl the shdvehegicandased

power | oss may reduce the 5 el ectrode tenperature which can thus reduce

wear of the edeterhsgesidmeal Grishowerhgad. (wipared) tpfaccomyentienabpayrarbeed until it
ds t | . Th tj.onal el.ect d.in,the.Exel anTM

el an 1 ani B gk e PP HE PR FOiE P ETE T dnbvEs e

rings and noupbedwif Ho sxﬂa?l@?ﬂﬁhsl).@%{nﬁﬂjégeqpbﬁ)?d@%%%,%?éf@ﬁ%l es. De

low resistivity electrodes 10 according to tHe I nvention can be nounted in
t he sane mann@026nindbhdjancaer ides. mount ed by ot her suitabl e arrangenents such

as by nechani cal clanping arrangenents or other bondin? t echni ques such as
adhesi ves, sol der s TefugheiAedgce RAYHEEbuildypsthe number of holes can be reduced

compared to a conventional showerhead. For example, the number of holes can

10 be reduced by 50% or more, e.g., by 20 to 40%, preferably by 25%. Thus, if a
conventional showerhead has 2000 to 4000 holes, the low resistivity showerhead
can have 500 to 1000 holes in the case of a showerhead for processing a 200 mm
wafer. As an example, a conventional electrode may have around 3250 holes
compared to the low resistivity electrode which can have around 830 holes. With
15 the reduced number of holes, the showerhead can be expected to last longer in that
it will take longer times for the plasma to erode the electrode such that the holes
are bridged.
The low resistivity electrode can reduce center-to-edge temperature
variation across the electrode and thereby obtain better process uniformity. Such
20 reduction in temperature variation can be enhanced by making the electrode
thicker than conventional electrodes or by assembling the electrode into an
assembly which achieves better heat conduction to a temperature controlled
member. For example, the electrode can have an increased thickness of 0.375 or
even 0.50 inch compared to a conventional 0.25 inch thick electrode. Also, the
25 electrode can be backed with a backing member and attached to a support
assembly of a support ring such as a graphite ring and a baffle arrangement. With
such an arrangement, the electrode can be backed with a backing plate made of a

suitable heat conducting material such as aluminum or alloy thereof, SiC, graphite



The foll ow ng exenpl ary enbodi nents are provided for purposes of 15
illustrating suitable low resistivity electrodes in accordance wth the
i nventi owo bt/ossmid | be apparent to those skilled in the amicr/gdatisoi her
el ectrode designs will also be suitable for the electrode in accordance
with the invention. During manufacture of a low resistivity shower hgadll
el ectrode according to the invention, it is desirable to renove danage
i nside holes created during 20 ultrasonic drilling of the holes. Such
damage can be renpved by etching in a strong acid and polishing the

el ectrode. This allows faster conditioningdof the electrode after
installation in a plasnma reactor. Also, the electrode can, be cl eaned
faster during a periodic wet clean recovery process, i.e., after processing

a certain nurgeelie ike iatiehs backigy plate cdwarjokee teitleisipped abienibe ghect r ode
is that it exhibits 25 inproved wear characteristics conpared to a

conventi onal dlagking piate camaler geavideothe sthgredpwiithrgeod Rdpeosiductvithhi nd t he
shower head during . pl asma et chi the throu hol es, can be nade_smal | er
Shon i e ad o meihinish A SeilBiraiet ot Pealomeiness ERLaPE FRRPEDIE he
el ectrode can i d %\%Q fx{%qla/ i N 2U 5
-14 reduce ba %ﬁ%ﬂfﬁaﬂnﬁﬁ’g‘e g?}retb er,gi)ﬁagém{%&}ém ze tﬁ%ﬁ%&uﬁ%ﬂ%ggﬂ he
possi bi | i 5y ofsuitphlasmmnel sichdingebondiigheuchak bg aarthstueheriebnihe shower head.

The smal | er holes can al so reduce pol yner deposition on a baffle plate
adj acent the shower REA@WaiaISHGEY elgpiredeccap R efea betier Phecopdagiontyaih

Compat ed o, 2 ASNEE G P PURVG! DGR S REL T IBREIA e R
et o St (BB SR e pLefrSL)Y 0,075, 1
be reduced conpar€ea ﬁxofcdlcxvdng,emtdvomlstisiﬁy)mcﬂnedﬁjﬁl deoordaranwithk the he nunber
of holes l%an invention having gas outlets 0.025 inch in diameter is compared to a conventional
single crystal silicon electrode having a thickness of 0.25 inch, a resistivity of 10
to 20 ohm-cm and gas outlets 0.033 inch in diameter. The low resistivity
electrode had a thickness of 0.25 inch and was made of single crystal silicon doped
with boron to achieve a resistivity of 0.005 to 0.02 ohm-cm. Such low resistivity
15 silicon can be obtained as grown single crystal, zero-defect silicon from Bullen
Ultrasonics located in Eaton, Ohio. Whereas a conventional electrode has several
thousand gas outlets, the low resistivity electrode can be provided with fewer gas
outlets (e.g., less than 1000) of smaller diameter thus extending the life of the
electrode in terms of the time over which the holes are bridged due to erosion by
20 the plasma. Such holes can be drilled ultrasonically using a slurry and the
electrode can be cleaned in strong acid to remove drilling damage, lapped with SiC
abrasive and polished to reduce conditioning time normally required prior to using
the installed electrode to process wafers in a plasma etch chamber.
The following table sets forth test results comparing the low resistivity
25 silicon electrode according to the invention having a resistivity of less than 1 ohm-
cm to a higher resistivity silicon electrode having a resistivity of 10 ohm-cm or
higher. In the tests, features such as contacts, vias and spacers were etched using

the same gas chemistry and reactor conditions.



10 be reduced by 50% or nore,

if a conventi
shower head

processi W @/lsmm waf er.
have around 3250. hol es

can have around 830 hol es.
shower head can be expected to | ast

onal

e.g.,

As an exanpl e,

shower head has 2000 to 4000 hol es,
can have 500 to 1000 holes in the case of a shower head for
a conventional pelgghs L9 MaY
conpared to the low resistivity el ectrode which
Wth 15 the reduced nunber of hol es, 9
| onger in that

it

by 20 to 401, preferably by 25;x.
the lowresistivity

will

times for the plasma to erode the el ectrode such that the hol es
bridged. The low resistivity electrode can reduce center-to-edge
variation across the electrgde and thereby obtain better
process uniformty. Such 20 reduction in tenperature variation can be

tenperature

enhanced by making the el ectrode thicker than conventional
assenbling the electrode into an

conduction tag

2

rat iy o

nt LQJ_J ed

I:nv —eX

L@

take

higN 2005

onger
are

F

heat

e al ect+

Thus,

el ectrodes or by
assenbly whi ch achi eves better

de

can have an i

L onn
™ T CTTPT

Feags ed

L % L = B

Ghd ckne

TP TTO71

5 CEERO. 3

mTeCTToCTTT

VENER. 50 Imqm cE)r

P15

ERAd to

a

conventi onal
backed with
support ring

~

(¢

V. 25 I U
doataki ng
such as

| PR W P 1
UL LI 24N

/

aNm)aphl 1

] +
C1T CTUL T UOUG.

60134t t 3
e ring 4

anesl to
and a baf

I‘I’CL?U

a5 dppor

fle arra

baeal

l Ub[ I UUC

2.3sem
gerrent

| y50f a
Wth su

an arrangene
sui t abl e heat
graphite \ %0
pl ate can 'be
provi de the
potential dif

t—the—e
vimnduct
02103344

alt ad

6(F, frat/e
chi/o FIUS

5882 such
3010/@14701

haoort o

Ladl v ai
atcKet—Wr
1284 al un

-15 or

I
nm a vauv

a8h.®r
the lik

hacl
C II(IGI\

FIIU IJI (IL
alll.ey the
e, and t

’,

re8fg Si
e backin

oA,

o al
CaAart (J.I 9

dll spatarode

JUT Lt CTu 't

ferences

chanber . The

sui tabl e manner
resistivity el ectr

10

15

20

25

LIIC ou

GiR hAgoo
on the 3

VMU L
n

aoxadal
CIIIJI _y

DGORI

hower hedad electr

cqritinct i VI L9540 m

pde ar ea

g pl at
ni.fn ze v
of the

ol-Tage
pl asma

Uabr\l

i neFi

Budn

al. C.Ldl

B esioe

I ] +
a.—bllctr LU T CTIrTul

1S

a better

h as by an el astoner

e o
'OucT Uy

Pk

ER: etch rate (A/min)
U: uniformity (%)
ERA: change in etch rate (%)

DC conductivity path

-
alty J

The electrode according to the invention can be used as a showerhead

electrode for etching semiconductor wafers. If desired, however, the electrode

assembly can have other arrangements wherein the electrode is not a showerhead

electrode and/or the support member can be in forms other than a ring. For

instance, the electrode could be a showerhead electrode bonded to a backing plate

having gas distribution holes communicating with those in the electrode. Another

possibility is where the electrode is bonded to a support member in the form of a

plate, cylinder, projections on a base member, etc. Further, the electrode can be

free of gas outlets in the case where the electrode is a grounded or powered

electrode in a plasma chamber.

The electrode preferably consists of an electrically conductive material such

as a planar

silicon (e.g.,

single crystal silicon) or silicon carbide electrode disc

having uniform thickness from the center to the outer edge thereof. However,

electrodes having nonuniform thickness, different materials and/or without process

gas distribution holes could also be used with the electrode assembly according to

the invention. In a preferred embodiment, the electrode is a showerhead electrode

provided with a plurality of spaced apart gas discharge passages which are of a

bond. The | ow



conpared to a conventional electrode. Thus, by inproving the DC
conductivity path, plasma confinenent can al so be inproved. In the

fol | owi ngvo sdsawsr esi stivity el ectrode in accordance w t hpichashpsifgyenti on.
having gas outlets 0.025 inch in dianeter is conpared to a conventi onal
single crystal silicon electrode having a. thickness of 0.25 inch,) 2y 00
resistivity of 10 to 20 ohmcm and gas outlets 0.033 inch in dianeter. The
low resistivity electrode had a thickness of 0.25 inch and was nade of
single crystal silicon doped wth boron to achieve a resistivity of 0.005
to 0,02 ohm cm Such low resistivity 15-§74icon can be obtained as grown
single crystal, zero-defect silicon fromBullen Utrasonics |ocated in

Eat on, Chi o. Wereas a conventional electrode has several thousand gas
outlets, the ah& Histuioh 17 I Vi 1V [{?@éd

outlets (e.g. I,Sﬁ}é/egggtsﬁgur?ﬂfo%)égﬁhgfs ‘2%??@?‘%?2&?&@%@%&5{%5 i ng ?bﬁglel ife
of the el ect eledodmandédomanodier teheetrpierer enazgy whirch inthe fiasnessinahe réaciidged due

to erosion by 20 the plasma. Such hgles can be drilled ultrasonically using
a slurry and pﬁ%mb@- JUPVBHS BaFIGsEORs askoEding 0 Sier igvention; (@ntbs usedrgy any
drilling dama ' i abrasi ' eduece

condi tioning ?ﬁ&éﬁe@?&ﬁl@ﬁ%&%}%@&%%c D??éngE) g’?g’é?‘ﬁl&& %{iﬁgo n%'{thﬂégd el ectrode

to process wakRkfolds iaclRdiag ¥puedrcllectiddeder . The following table sets forth
test results conparing the low resistivity 25 silicon el ectrode according

to the invention haherigcirodesteording iy thef invessiontdanbe nsed fon wafer procasskiggher

resistivity sili.con electrode having a resistivity of 10 ohmcm or. higher.
In the tests, SPEhfUPAYNAEIC ﬁsd‘iﬁﬁ’ﬁ’cng& gtc- .V ppuldplg %ﬁthi‘? YL PEOESEAE usi ng

t he sane gas ] Iitd ; 4 :
Tt sar adgon o Tk, @O IEEAS Bin P RENbP REpnt O Hep (L BPEE, oxides
CcFY/ Ar/ 5513 siiclRasl thdrmad 3Qicén Aid3deor PYroRtic oxides and photoresist materials. The

10 apparatus can maintain desirable levels of submicron contact profile, CDs and low

particle contamination. With respect to etching BPSG, etch rates on the order of
about 3000 A/min can be achieved and etch uniformity can be maintained at
around 3%.
The foregoing has described the principles, preferred embodiments and

15 modes of operation of the present invention. However, the invention should not
be construed as being limited to the particular embodiments discussed. Thus, the
above-described embodiments should be regarded as illustrative rather than
restrictive, and it should be appreciated that variations may be made in those
embodiments by workers skilled in the art without departing from the scope of the

20 present invention as defined by the following claims.



via CXFa/ Ar/ 5092 L94 5531.3 1.61 +8.8 Coto spacer CxFY/ Ar, 895 2.7 959
1.57.1 05 CE conventional electrode IE inventive electrode ER etch
rate (Amtx) U wuniformty (% ERA: change in etch rate (n) 10 Fhe UN 2005
el ectrode according to the invention can be used as a shower head eH grode
for etching sem conductor wafers. If desired, however, the electrode
assenbly can have other arrangenents wherein the electrode is not a

shower head el ectrode and/or the sugqgrt menber can be in fornms other than
aring. For instance, the electrod oul d be a showerhead el ectrode bonded
to a backing plate 15 having gas distribution holes conmunicating with
those in the el ectrode. another possibility is where the electrode is
bonded to a support nenber in the formof a plate, cylinder, projections
on a base nenber, etc. Further, the electrode can be free of gas outlets
in the case where the electrode is agkdIM8ed or powered electrode in a

pl asma chanber. 20 The el ectrode preferably consists of an electrically
conducti ve niat er iAalowsasibtivitgsilmopklactarde sildptaion b enagintedsn aglasma repsstiad

silicon) or silicon carbide electrode disc having uniformthickness from
the cengmbeOinth@in@utceifiRa@a: ifpewrieh is tlerRMemicon@lcattsitiat fiaasdisk,
nonuni form thi ckness, different materials and/or w thout process gas
dIStrlbﬁhmg ol es coul d al so be used with the el ectrode assenbly according
to 25 t ntion. In a preferred enbodi ment, the electrode is a

shower head. ctr rovi ded th I|t % art S

di schar ge pd%g ﬂﬁﬁ?% CONPEISEE 4 m% ’%?ﬁd%% ﬁ 7gpaSOM%%
arranged to distribute process gas in the plasma reaction chamber during use of the showerhead
electrode, the electrode having a thickness of about 0.25 inch to 0.5 inch and an electrical
resistivity of about 0.005 to 0.1 ohm-cm, the electrode having an RF driven or electrically

grounded surface on one side thereof, the surface being exposed to plasma in the plasma

reaction chamber during use of the electrode.

2. The electrode of Claim 1, wherein the gas outlets have diameters of 0.020 to

0.030 inch and the gas outlets are distributed across the exposed surface.

3. The electrode of Claim 1, wherein the electrode comprises single crystal silicon

or silicon carbide having heavy metal contamination of less than 10 parts per million.

4, The electrode of Claim 1, wherein the electrode comprises an electrically

grounded upper electrode of a parallel plate plasma reactor.



i~B1'C -17 size and distribution suitable for supplying a process gas
which is energized by the electrode and/or another el ectrode or energy
source into a plasma in the reaction. chanber. However, the el ectrode
according to the invention can be used as any type of el ectrode?7usgfiulilti n
a plasma reactor or vacuum environnent, such 5 el ectrodes including sputter
el ectrodes. The el ectrode according to the invention can be used for wafer
processing such as plasma etching, deposition, etc., in nmultiple or single
waf er processing. For instance, the electrode can be used for etching or
depositing BPSG oxides such as therrtg silicon dioxide or pyrolytic

oxi des ‘and photoresist materials. The 10 apparatus can nai ntain desirable

| evel s of subm cron contact profile, CDs and |low particle contam nation.
Wth respect to etching BPSG etch rates on the order of about 3000 A/ min
can be achieved and etch uniformty can be majntained at around 3 % The

f oregoi ng has dedé¢ FB‘é‘()OdFWéCM“i“HmVﬁ‘F@én ths elee e lgas B VHY Of Fsiplestradfd’s 15 nodes
of operation of the present invention. However, the invention should not

be conslessubah @G82hedimgml i mited to the particul ar enbodi nents di scussed.

Thus, the above-described enbodi nents should be regarded as illustrative
rather than restrictive, and it should be appreciated that variations my
be made in those enbodinents by workers skilled in the art wthout

departing fr@mth%e%ﬁ:@d?@de@f dlzhﬁl 12QNH€F6¢1§ﬁl@tele'cm(ﬁlnrreé1§W1@%f%fél&ﬁ'gdé)ﬁé the
follow ng clains. - . AlowresisStivity silicon

el ectrogg mg)gg}\k#‘_mﬁe m)unt ed |n a pI asma reaction chanber including a
conf i nenen ich is used in sem conductor substrate processing,

7. A plasma etch reactor comprising an electrode assembly which includes the
electrode of Claim 1, the electrode comprising:

a graphite backing ring elastomer bonded to the electrode; and

thin beads of an electrically conductive elastomeric material between the electrode and
the graphite backing ring, the elastomeric material including an electrically conductive filler

which provides an electrical current path between the electrode and the graphite backing ring.

8. A plasma etch reactor having an electrode assembly which includes the electrode
of Claim 1, the electrode being resiliently clamped to a support member by a clamping

member.

9, A plasma reaction chamber including the showerhead electrode of Claim 1, the
showerhead electrode being bonded or clamped to a temperature-controlled member in an

interior of the plasma reaction chamber, the temperature-controlled member including a gas



conprising: a silicon electrode conprising a, showerhead el ectrode having a
plurality of gas outlets arranged to distribute process gas in the plasm
reacti on chanber during use of the showerhead electrode, the electnggﬁ@
havi ng a thickness of about 0,25 inch to 0.5 inch and an electrlcal
resistivity of about 0.005 to 0.1 ohmcm the electrode having an RF driven
or electrically grounded surface og[fne side thereof, the surface being
exposed to plasma in the plasna ction chanmber during use of the

el ectrode. 2. The electrode of Claim1l, wherein the gas outlets have

di aneters of 0.020 to 0.030 inch and the gas outlets are distributed
across the exposed surface. 3. The electrode of Caim1, wherein the

el ectrode conprises single crystal silicon or silicon carbide having heavy
metal contam nation of |less than 10 parts per mllion. 4. The el ectrode of
C ai m 1passele pupph ingheprokess groddhacnprinsekeletirodt abe rimparatyre-contotlisded upper

el ectrode of a parallel plate plasnma reactor. L ! 9 5. The el ectrode of

G ai m | membrerisdndiige colitgahd aicladst beshastld plate fomfedtih ehealaeiot, ndgasipassageess t han
0.025 ohmctrl. 6. The electrode of aiml, wherein the electrical

resi stiyipblyilfprédess £k86hE RARs! SrovkBe% Bah?é"pl@te PBioP R YhassifMhrdhighli@s e et ch
reactor conprising an el ectrode assenbly which includes the el ectrode of
Gaiml, e conprising: a graphite backing ring elastomer bonded
to the gP&??F%%QQ&&Bg thin beads of an electrically conductive el astoneric
materi al between the el ectrode and the graphite backing ring, the
etastoneric material including an electrically conductive tiller which
provi des an electrlcal current path between the el ectrode and the graphite
backi ng ringl0-8. Anloy msisavigtslifop slgereie adariehiy berneinisdtip apdasaid easHPy whi ch
includes the electrode of Claiml, the electrode being resiliently cl anped
to a supporer mehidmg ab:pn&nm;rleanpng]ghich is used in semiconductor substrate processing,

comprising:

a silicon electrode comprising a showerhead electrode having a plurality of gas outlets
arranged to distribute process gas in the plasma reaction chamber during use of the showerhead
electrode, the gas outlets having a diameter of about 0.025 inch to 0.030 inch, the electrode
having a thickness of about 0.25 inch to 0.5 inch and an electrical resistivity of less than about
0.1 ohm-cm, the electrode having an RF driven or electrically grounded surface on one side
thereof, the surface being exposed to plasma in the plasma reaction chamber during use of the
electrode; and

a backing ring elastomer bonded to the electrode.

11.  The electrode of Claim 10, wherein the backing ring is of silicon carbide or

graphite.



menber. 9. A plasnma reaction chanber including the showerhead el ectrode of
Gaim1l, the showerhead el ectrode being bonded or clanmped to a 77 jyN2i5
tenperature-controlled nmenber in an interior of the plasma reaction ’
chanber, the tenperature-controlled nenber including a gas 20 passage
supplying a process gas to the showerhead el ectrode, the
tenperature-controlled menber incl@dding a cavity and at | east one baffle
plate located in the cavity, the gas passage supplying process gas so as
to pass through the baffle plate prior to passing through the showerhead
el ectrode. 10. Alow resistivity silicon electrode adapted to be nounted in
a plasma reaction chanber including a confinenment ring which is used in
sem conductor substrate processing, conprising: a silicon electrode
conprising a _showerhead el ectrode having a plurality of gas outlets
arranged t o ldi st fhpeleerqsie o Edamga gvhersin ?g‘nlé gp el coBRERg WHavREAbedridadr i ng
use of the showerhead electrode, the gas outlets having a dianeter of
about OhdX®5 inch to 0.1130 inch, the electrode having a thickness of about
0.25 inch to 0.5 inch and an electrical resistivity of less than about 0.1
ohmcm the electrode having an RF driven or electrically grounded surface
on one side thereof, the surface being exposed to plasma in the plasm
reaction chagber i) RS Aot bR tr&ie%%ﬁa%;bemnédbﬁﬁ I\ kédGorP! ast omer
bonded to the el ectrode. 11. The efectro e of (aim 10, wherein the backing
ring is_of silicon carbid r. or ite 1~ 17 JUN 12. The .el ectrode
of "3 a HAmo Rk igie Al ne L BRN e Posh ol oo Ry i fG ot s,
13, Alowresistivity silicon electrode adapted to be nmounted in a plasm
react i offPMprising:

a silicon electrode comprising a showerhead electrode having a plurality of gas outlets
arranged to distribute process gas in the plasma reaction chamber during use of the showerhead
electrode, the electrode having a thickness of about 0.375 inch to 0.5 inch and an electrical
resistivity of less than about 0.1 ohm-cm, the electrode having an RF driven or electrically
grounded surface on one side thereof, the surface being exposed to plasma in the plasma
reaction chamber during use of the electrode; and

a graphite backing ring elastomer bonded to the electrode.

14.  The electrode of Claim 10, wherein the backing ring is elastomer bonded to the
electrode by thin beads of an electrically conductive elastomeric material between the backing

ring and electrode, the elastomeric material including an electrically conductive filler.

15.  The electrode of Claim 13, wherein the gas outlets have diameters of 0.020 to

0.030 inch and the gas outlets are distributed across the exposed surface.



chanmber including a confinenent ring which is used in sem conduct or
substrate processing, conprising: a silicon electrode conprising a

shower head el ectrode having a plurality of gas outlets arranged.to )
distribute process gas in the plasnma reaction chanber during usee%ﬁnggmb
shower head el ectrode, the el ectrode having a thickness of about 0375 inch
to 0.5 inch and an electrical resisgpvity of |ess than about 0.1 ohmcm
the el ectrode having an RF driven or electrically grounded surface on one
side thereof, the surface being exposed to plasna in the plasma reaction
chanber during use of the electrode; and a graphite backing ring el astoner
bonded to the electrode. 14. The el ectrode of Caim 10, wherein the backing
ring is elastoner bonded to the electrode by thin beads of an electrically
conductive el astoneric material between the backing ring and el ectrode,
the elastoneric material including an electrically conductive filler. 15.
The el ectrode of Caim 13, wherein the gas outlets have dianeters of 0.020
to 0.010 inéh aiite tlhergasf Glaimetss waereindhe gasi dutitte dhaaca dismetehef axposed
surface. 27 JUN 2005 22 16 The el ectrode of Claim 15, wherein the gas

out | et "o.bavRcRtodiban®d.e28 @fh.about 0.025 inch to about 0,028 inch. 17. The
el ectrode of Caim7, wherein the gas outlets have a dianeter of about
0.025 inch to about 0.028 inch. |8. The electrode of Caim13, wherein the
gas outlets have a dianmeter of about 0.025 inch to about 0.028 inch. 19.

fosi stivity 01 8vbo6liestgr S A el B SER B TP R sl & i 15

wherein_the el ectrod s an electrical resistivity of 0,005 to 0.02
ohn}cn109%§mﬁ‘ﬂﬂ%@h@ogfﬁﬁhTeactor conprising an el ectrode assenbly
i ncluding the el ectrode of

18.  The electrode of Claim 13, wherein the gas outlets have a diameter of about 0.025

inch to about 0.028 inch.

19.  The electrode of Claim 10, wherein the electrode has an electrical resistivity of

0.005 to 0.02 ohm-cm.

20.  The electrode of Claim 13, wherein the electrode has an electrical resistivity of

0.005 to 0.02 ohm-cm.

21. A plasma etch reactor comprising an electrode assembly including the electrode of

Claim 1 and a confinement ring.



Caiml and a confinement ring. 23 22, A plasnma etch reactor conprising an

el ectrode assenbly including the electrode of Cairn ;3 and a con nﬁ
ring. 23. A plasnma etch reactor conprising an el ectrode assenbl y inc udl ng
the electrode of Caim13 and a confinenent ring.

23

22. A plasma etch reactor comprising an electrode assembly including the electrode of

Claim 13 and a confinement ring.

23. A plasma etch reactor comprising an electrode assembly including the electrode of

Claim 13 and a confinement ring.





