WD 02/ 43116 PCT/ US01/ 46210 ETCH NG OF HI GH ASPECT RATI O FEATURES I N A
SUBSTRATE BACKGROUND 5 The present invention relates to a chanber and
met hod of wey@hisiyg @ substrate. In the fabrication of subsidiai®$ueaoprocess
gas or a plasma of the sane, is 10 often used to process the substrate in
a chanber. Typically, material is fornmed on the substrate by, for exanple,
a chem cal vapor deposition (CVD), physical vapor deposition, ion

i npl antation, oxidation or nitridation process. Thereafter, sone of the
substrate material, which is generally in the formof a |layer but nmay al so
have ot her shapes, may be processed, for exanple by etching, to form

et ched features shaped asETCHINGWR HESH ASREUTeRATIChDEASUBESt renches. It is
difficult to etch features having high, agpeginAm@ i 0s into the substrate
material, especially when the features also have small opening sizes.
Generally, as advances in technology require nore closely spaced features
to provide faster or nore 20 efficiemackeRrouUng the aspect ratio of
features, such as trenches, holes or 'vias, Increases proportionately. The
aspect ratf’o is the ratio of the opening size of the feature to its depth.
A hi gh aspect rati o fedtaip@semyntenvien adlates pes charabérandfméthod epstthiageaut 20,
and the penin S|ze of the features nay be | ess than or about 0.18

m crons. V\%{P is difficult to etch high aspect ratio or snall

openi ng features WlthOUt uncontrol | abl e 25 isotropic etching of the

sidewal I s of the featu ' r QR [ el

sidewal I s of the et chelhqf e%{)ll}kitg%aér?ghg?t%g] alrﬁr%o%ésﬁgréls ?E%@i s"%aéf tﬁ%]g%rrqea'
excessi vel@taftennged taprosessthatsibeirate in meharaber dapicaly magriabisdaimed o thehe
features, wypkirigy f%?klkémbl@ a Hrﬁléiﬁ@!alrv%labb’dééb%ﬁ%ﬁ (699?1%?§cal%9 pdius, it is

desirable to ani sotropically_ etch features havi ng asSpect ratios or
smal | openi rﬁ?é’os't'?rt‘ iprs implaniatipns pxigation eranitgdatipn oy C‘?SéatTGP@ﬁﬁﬁ g#@me of the

cont rol | abl euastate 1na\/e£?|£2\ma1 ﬂngeﬂeﬂuyJSO&{e%rzﬂef a raqam&h&rytalsb mtﬁ@ﬁ

across the sybsirat ey I c ftor exampl?z'br al?c':h?ng}, ?o F orm etche% feaL{ursetsrs aped gg
product i on WOPPRY &R P\Q ?%ﬁe 5"

15 cavities, channels, holes or trenches.

It is difficult to etch features having high aspect ratios into the substrate
material, especially when the features also have small opening sizes. Generally, as
advances in technology require more closely spaced features to provide faster or more

20 efficient circuits, the aspect ratio of features, such as trenches, holes or vias, increases
proportionately. The aspect ratio is the ratio of the opening size of the feature to its
depth. A high aspect ratio feature may have an aspect ratio of at least about 20, and the
opening size of the features may be less than or about 0.18 microns. However, it is
difficult to etch high aspect ratio or small opening features without uncontrollable

25 isotropic etching of the sidewalls of the feature. By isotropic etching it is meant that the
sidewalls of the etched features are etched in a horizontal direction at excessive etching
rates relative to the vertical rate of etching of the features, which may resuit in
undesirably shaped features.

30 Thus, it is desirable to anisotropically etch features having high aspect
ratios or small openings . It is also desirable to etch the features with controllable and



SUVMMARY 5 The present invention satisfies these needs. In one aspect, the
present invention conprises a substrate processing chanber conprising a

gas supplﬁ,ot@@hgvi de a gas to the chanber, first and se%q%s%lclﬁgztlﬁodes
that may be e(ectri cally biased to energize the gas, the second el ectrode

bei ng adapted to be chargeable to a power 10 density of at |east about 10
watts/cn2, and the second el ectrode conprising a receiving surface to
receive a substrate and an exhaust to exhaust the gas. Another aspect of
the invention is a substrate processing nmethod that conprises providing a
substrate i nconsRtert effeidis, adrods thdgabsigtd Yasuitihdraickigbiptoeer the dibstane,

energi zi ng the s by applying electrical energy to an el ectrode bel ow t he
substrate ataqur%g%?xav@ﬁ@?’te;/m%fgr ®%Y east about 10 watts/cnR, and exhausti ng
the gas. In another aspect of the invention, a substrate etching chanber

conprises a substrate support, a gas s M provi de a gas to the chanber
and an 20 exhaust to exhaust the gas in@@hreﬁsganber, a gas energi zer

conprisingSfirst and second electrodes that may be electrically biased to

energi ze the gas, the pgepRdepl iRGdAtRARtiHIRE MesadRBES N Shdsspebatigabist o a
power equival ent. to .a power of | east .about 3200 watts fgr a substrate

at 3
having a di dMERWPN GPMRESRR @ SHRSALG PCRERIMEEHENREr SPAPHERG ALR8 SUPRIY pPEYideo
provi de a nmagged foahé chaMber, firtt ah@ 8storalettroli®dtHat hag belkldditcanli8EBed to and a
25 tenperature control Sﬁ% em aglalot gd tg .contrql Eot}te ten&%rr es of the
substrate afdedfmasdassHiiF%caed eiRGipeRpeing paarted o he,ehar OFhPL¥FHpri ses
a subst r at® deneity ofgatiedshaboutcidngpatissém?y apd tha skicngd alestnbdd cagrising Arquetvirgs s
zone of a c int, j i S zone, energizing
t he gas by rc;g%% tr?grleg%'(elgtg t@ggﬁatgr%?l;af %ggﬁzgsg@gf{hg%%omr equi valent to a
power of at |east about 3200 watts for a substrate having a di aneter of

about 200 mm applyin hCafft I GHeSSH4 t he
chamber, 2 WO 02/ 4 a1 Rk of e edond %Slslg?%at?ﬁfe&tgﬁg%%turggétgf the

substrat e af@MPAEFHBIOVENNG BEURstralth i 2RIVELET NG mﬁggu%a 92h Bt hEe PAagRSSt  of

the invenig Qan@,@ﬁérr?iﬁiﬂg tife gélsbﬁy BBBIfing @MERfrical éHbrdy BlamhasktiRRibeIRPthBavi ng an

aspect rati %uggtra%é a S %%);[Nezri 8#§ity%9 a?%gstaa%oap ? (51 \I/vgt(ﬂslcszrlnz, eangfexl'lggssﬁng the gas.

In another aspect of the invention, a substrate etching chamber

comprises a substrate support, a gas supply to provide a gas to the chamber and an

20 exhaust to exhaust the gas in the chamber, a gas energizer comprising first and second
electrodes that may be electrically biased to energize the gas, the second electrode
being adapted to be chargeable to a power équivalent to a power of at [east about 3200
watts for a substrate having a diameter of about 200 mm, a magnetic field generator
adapted to provide a magnetic field of at least about 100 Gauss in the chamber, and a

25 temperature control system adapted to control the temperatures of the substrate and
chamber surfaces.

Another aspect of the invention comprises a substrate etching method
comprising providing a substrate in a process zone of a chamber, introducing a gas into
30 the process zone, energizing the gas by coupling electrical energy to the gas at a power
equivalent to a power of at least about 3200 watts for a substrate having a diameter of
about 200 mm, applying a magnetic field of at least about 100 Gauss in the chamber,

2



than about 0.14 ctm DRAWNGS 10 These and ot her features, aspects, and
advant ages of the present invention will becone better understood with
regard towlg®spl! oW ng description, appended clains, ang@GERIREIYI NY
drawi ngs whi c(1 Illustrate exenplary versions of the invention, where: 15
Figures 1 a and 1 b are sectional schematic side views of a substrate
before and after etching of high aspect ratio features in the substrate;
Figure 2 is a sectional schematic diagram of an apparatus according to the
present invention showi ng a process chanber having el ectrodes, a magnetic
field 20 gegsit@liRg theehpirRQrisopkieesibshb@UrR chahtbeR sGfdteEBdricCetiaa i Mhaf
the magnetic field generator of Figure 2; 25 Figure 4 is a schematic

di agram of a¥®ther enbodi ment of a process chanber according to the
present invention showing a chanber |id and fluid circulating Iliners;
Figure 5 is a parti al I I I ew. of I J to the
30 present invention; ﬁﬁ%ﬁéﬁ% egpéfgn%}r@ngbq%o%?%ggggg%é%gtgﬁ%%ﬂéﬁgnber
lid of Figéirefcbedfaatigresdaringa@n dspaet reticof & [a46t about B0 1HdROTEAEBIY AB2d0ess
Figure 7 is @-Rapbisd 14£8f41 onal plan view of another version of a chanber
lid according to t%e'presént invention; 5 Figure 8 is a partial sectional

pl an view of a chanber |iner according to the present invention; Figure 9
is a partial sectional side view of thgrabaNes |iner of Figure 8 along
section line 9-9; 10 Figure 10 is a partral sectional schematic diagram of
anot her enbodi nent of a process chanber according to the present
inventionjoFigure 11 ithesetdnackhetifegiums) adpatts; anp atieintsqdst ofdtieepesog am
according invention will become better understood with regard to the following description,
appended claims, and accompanying drawings which illustrate exemplary versions of

the invention, where:

15 Figures 1a and 1b are sectional schematic side views of a substrate
before and after etching of high aspect ratio features in the substrate;

Figure 2 is a sectional schematic diagram of an apparatus according to
the present invention showing a process chamber having electrodes, a magnetic field
20 generator, and a controller;

Figure 3 is a schematic diagram of the magnetic field generator of Figure

25 Figure 4 is a schematic diagram of another embodiment of a process
chamber according to the present invention showing a chamber lid and fluid circulating

liners;

Figure 5 is a partial sectional plan view of a chamber lid according to the
30 present invention;

Figure 6 is an exploded side view of the chamber lid of Figure 5 along
section line 6-6;



15 to the present invention; Figure 12 is a graph showng the rise in
tenperature of the second electrode for increasing power during an etching
process; Q@ hlgpee 13a is a graph show ng the change in V“##T%d@'i'/%ﬁﬁi tical
di mrension of the etched features for increasing power applied to the

el ectrodes; Figure 13b is a graph showi ng the change in etch rate and
aspect ratio of the etched features for increasing power applied to the

el ectrodes; 25 Figure 13c is a graph showing the change in etch rate and
etching selectivity of the etching process for increasing power applied to
the el ectrodes; Figure 14a is a graph showi ng the change in wi dth and
critical dinmension 3Q.of the etched features for Jdncreasi netic field
strength; Figure 14b iq:ég%{egrgp%ﬁgwgweﬁgoaﬁgﬁgHéer‘{vg%flq%r?{rbe{c\fﬁ%r g{{)g%a‘%& Shect
rati o of t e aetartied té dwt preesntiiventiotr easi ng magnetic field strength; and 4
WO 02/ 43116 PCT/ US01/ 46210 Figure 14c is a graph show ng the change in
etch rate and etching selectivity of the etching process for increasing
magnetic fi el d strengtfigurg @Em%mlmlonﬁhélapw@y\mﬂa ¢haperilioer dcsogingftel f or
processi ng gSpsddtaivenklnh,conprising an underlying substratum 12, which
may conprise silicon, conpound sem conductor, or dielectric; and one or
nore materials 22, 24, 26 on the substratum 12, such as for 10 exanpl e,

pol ysilicon, dielectrifgwe TREpEAscERINRT siad Siewast tHOEh=nsuTher ofifidustg at ed
in Figure 1 a. The substrate 10 may be etched, to form high aspect ratio
features 293°0GSRCUAINELRches, holes or vias, in the materials 22, 24 as
for exanploe illustrated in Figure 1 b. For exanple, holes and vias may be
etched in silicon, polysjli , i i e anot her
exanpl e, trenches may F@réet{c\cﬁg& eognft'%g%%fﬁ@%{%@eﬁgb‘g?ﬂag{ag °§%‘ﬁe§s a 15 net al
or i nter - neeabbdinenbapapragsss thamesraepdrdingdp the preagntdaysptien; and net al
silicides; or in dielectric materials, such as silicon dioxide, silicon
nitride, or lowk dielectric materials. A material such as a photoresi st
material 28 may be usEWW® Yrisadieckdiagramof agompyter soiiwaieRrearal sgrerding
etching i1 @othe Pesdeheveribnlhe invention is particularly useful for etching
features 29 in the substrate

Figure 12 is a graph showing the rise in temperature of the second
electrode for increasing power during an etching process;

20 Figure 13a is a graph showing the change in width and critical dimension
of the etched features for increasing power applied to the electrodes;

Figure 13b is a graph showing the change in etch rate and aspect ratio of
the etched features for increasing power applied to the electrodes;
25
Figure 13c is a graph showing the change in etch rate and etching
selectivity of the etching process for increasing power applied to the electrodes;

Figure 14a is a graph showing the change in width and critical dimension
30 of the etched features for increasing magnetic field strength;

Figure 14b is a graph showing the change in etch rate and aspect ratio of
the etched features for increasing magnetic field strength; and



10, especially when the features 29 have hi gh aspect ratios. For exanple, a
substrate 10 conprising one or nore nmaterials on a substratum 12 may be

et ched towippiselched features 29 having an aspect ratio gty @p1heast about
30 and even at |east about 45. The features 29 may al so be etched with an
opening size of less than about 0.17 mcrons, 25 and which may even be | ess
t han about 0.14 mcrons or even 0.10 mcrons. Etching of the small opening
sized features 29 is especially useful when the opening size is a critical
di rension of the etched feature. The features 29 nay al so be etched to a
depth of at |east about 8 microns. The protective sidewall deposits 30

whi ch may be forned ur i n n_etch ocess,. protect. t si,dewal | s. of the
features 29 fromi sotroBFrceg]s Cd?'lﬁ%aprgﬁ‘ Wgtcﬁaage Wﬁqﬁhratt%a\l?gt&ﬁﬂges are
et ched may beleativityeafshe atvbing fho@ssiidmmaereasing magnelicfield sipgagtiat us 50
according to the present invention that is suitable for processing the
substrate 10 is illustrated in Figure 2. Generally, the 5 WO 02/43116

PCT/ US01/ 46210 apparatus 50 conpri seRESCRIRUEONs chanmber 100 havi ng one or
nore walls 52 that define a chanber volune 110, the walls 52 including for
exanmpl e, an annul ar sidewall 106, a bottomwall 108, a |id assenbly 102
and that may al so conplesRieas inylenfiest is HSP%MPEMSS'”E@@&P%W@10tCﬁE‘Pélﬁ'8§ber

vol une 110 ia Ld\uwlyzlﬁg su&t@t@m ALOGRREH nzéyr&w%}@e aMdord dama@un@ sémioRQuctditor A
r

bot 53 f
bt ace SOREHD £ B RS Gr S kPR 5, S8 o St 365 17 R 88 vt ng

slhi ?Tb val \{‘g)o eda:nple?ﬁolyhlm‘.orpd@leodesora:onmmmrrmaﬂeaalanmlﬂoaExauprfaam@sttafted Ihe

w1 the i LR {80 e SuatifEt u Bt et B ofbdidh, AR Bk edtleS 25 it us
50, it shoukd tieachesdbrlss @odiashiatthe matetietsc2a, Bhiasforlexaamie illostrated mt Figure 1b.
appar at us cegf LAk fiiss WM Gills H%X/ %%H’?e‘?ﬂntsfﬁcgﬁ %Iﬁﬁl@&ﬁ o?'ﬁ%?écrtr"i’é Material,

deposit material on the substrat si cal chenica
deposi ti on, 2B¢ aF APPHRE exaﬁaplérﬁr%nchéﬁ may@esejmlatcenqmmg mpterials @éﬁh asaf or

exanpl e aqspma%snrﬂé\smetaﬂ.d@H@dh@@%ﬂ@éﬁpﬁ@@mmﬁeéopp@é alr{aqnétammsa gas
supply 56 thghdiélcl ydes aﬁas sour c ines 103 wth

val ves 101 SEfHS MARTF!s: SHER AS ﬁgon q*ﬁﬁgﬁa%“c&f’ﬂt}“?%lﬁr AW K HRI8ENE conpri se
a gas di st mdteralnA plaseal 3ch hax |phgtomtmtérﬁl 28%Mayt by aseghtoWhotett regisnsray

cerve as anSurEsEPUIRY R wiEtt e e A EY e used to control the flow
rate of the process gas, the gas pressure
20 The invention is particularly useful for etching features 29 in the substrate
10, especially when the features 29 have high aspect ratios. For example, a substrate
10 comprising one or more materials on a substratum 12 may be etched to form etched
features 29 having an aspect ratio of at least about 30 and even at least about 45. The
features 29 may also be etched with an opening size of less than about 0.17 microns,
25 and which may even be less than about 0.14 microns or even 0.10 microns. Etching of
the small opening sized features 29 is especially useful when the opening size is a
critical dimension of the etched feature. The features 29 may also be etched to a depth
of at least about 8 microns. The protective sidewall deposits 30 which may be formed
during an etch process protect the sidewalls of the features 29 from isotropic etching.
30 The rate at which the features are etched may be at least about 0.8 ®m/min.

An exemplary apparatus 50 according to the present invention that is
suitable for processing the substrate 10 is illustrated in Figure 2. Generally, the



20 and ot her process chanmber functions. Spent process gas and byproducts
may be exhausted through an exhaust 114 connected to one or nore exhaust
punps 109 @Bt hrottl e valve 60 that may be used to coRldilsol g i6as
pressure in tﬁe chanber 100 to a suitable level, typically, fromabout 5
mlorr to about 1000 mforr. 25 In one aspect of t he present invention, it
was di scovered that the punping rate affects the formati on of process
resi dues formed on sidewalls of etched features (comonly known as
sidewal I polyner) and chanber walls, which in turn affects the quality of
et chi ng of hé;g:l’ar@tﬁnp%tcolhﬁiri'sés fa@addel’sﬁshémbérm@OS‘lde@rﬁbearhﬁbreI\Atallé 52 lredtiderwesl

h hi gh ' |
Speci o5 wi ¢ N AEHEEHOTERA RS Slhe2 THEFRER T Siar i S oidein ofos
excessive prlmmmswnaégﬂau@hd essenttey 162 dredhtiiak magfalaommchedefoemom rgrs 104,
Deposition ofg e@P%é*’éf‘»aMé%lﬂﬁﬁ&%|s%ﬁ&§‘oslﬁtor§gtogg$%loer%”mtzhﬁ Iﬁiﬁﬁt‘}@'nlgs of

the freshly etc 'features ows etchin rtica t he
substrate &izaneut!de i eabsot 62 (showtriogiaghast 'tﬂ¢"P‘ ﬁ’gFlﬁﬂrec?iéﬂ%Y eussd to tiﬂnsfqii@

features. 6 yBsBefeAlihtaridlit UPHAS? Y80 tH‘r'@M‘@'V@rsht d%éﬁ%@sl'%%aﬂ/fﬁ@'adé!@valve

formati on can hanper’' or stop etching, ecj a

e
ratio feat ur‘tB%"r\Z{;hﬂEt%t Hﬁﬁ‘(l@e%?rﬁp‘l‘t'%‘ﬁéﬁ?ﬂ@l %@C%ﬁgthﬁr‘:@aﬁ‘aﬁf éo%@@pthagﬁ
one version, vet:ﬂ%nﬁéb@méd vid 4 pﬂﬁMnﬁQ@ﬁfoltdiG'ZOWhl[érthaﬂ’fvénmf‘de%&‘rﬂiedhﬁvﬁ a

Fosi due. ont Jetee L BLE sramBEhtARRRA R Hit oSS BRS tah Hihstiec r%%ceiir
;axarrplt ﬁ,e té ﬂeamdéattscbthéﬂéppmatusmnﬁgm:onpwmm\ rﬁ@;@?eawd)ioeatdi ottehsubstrateg, gas
o heoc " BSE PO A AR 0 BAEbE Dol Bl ot e A

exanpl e, i n roateriglgarsthersubstrate 3Gnps 109 have a total punping capacity or
rate that is equivalent to a punping rate of from about 1600 to about 1800

liters/second for a 10 chanber vol une of about 25 liters. An energi zed gas,
such as a plasma, nmay @age‘i@aaséarwﬁeplegayoc‘@ﬁéea Jeintregycediato tB%GB@@Qer

el ect r omagnefooch@UGhaYg assswib f& et AElugdSa @wy@r@*@gv Qbhe dranoreh@s Gings 16r
exanpl e, the e Cgll zer (fa?( conﬁ{}l S@] alaﬂ cond el ectrodes 15
115, 105 t hav'MV%e | 8B¢ A 9851 SIS eaﬂﬁ St’f BhEl MY AYPPRSE @ gas
ener gi ze t heligaisution platee 1c3hwvb1grgak(&ﬂtlet'§m thiough walchgdasoney &ittheggs be a
ceiling or ber. ) r 5|sbelow
t he substr atdésqq%ﬁ% n1 ‘g{ é@%g?‘fgﬁg:gg{ﬁ%rbggrg% T%Qﬁ a?%g ?ggglaﬁ%ﬁﬂ' ‘?i%&rsoégo d
el ectrode 1@8nirgllerd®6 maybe gsedloarontrpithé Flgwcatadi the prgcerstgasi thie gas pressure
20 and other process chamber functions. Spent process gas and byproducts may be
exhausted through an exhaust 114 connected to one or more exhaust pumps 109 via a
throttle valve 60 that may be used to control the gas pressure in the chamber 100 to a
suitable level, typically, from about § mTorr to about 1000 mTorr.

25 In one aspect of the present invention, it was discovered that the pumping
rate affects the formation of process residues formed on sidewalls of etched features
(commonly known as sidewall polymer) and chamber walls, which in turn affects the
quality of etching of high aspect ratio features in the substrate 10. It is believed that a
higher pumping rate effectively removes excessive residue forming species within the

30 chamber volume, thereby reducing the formation of excessive process residues on the
sidewalls of the etched features. Deposition of an optimal thickness of process residues
on the sidewalls of the freshly etched features allows etching to proceed vertically into
the substrate without excessive isotropic etching of the sidewalls of the features.
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such as a netal, for exanple, alum num copper, gold, nolybdenum tantalum
titanium 20 tungsten, and alloys thereof. Ml ybdenum has a good t her mal
conduct i Viylop2@8fhe " €Si stance to corrosion in non-oxidizi NG@ENYhERTENT S.
Generally, the second el ectrode 105 is planar and shaped and sized
according to the shape and size of the substrate 10. For exanple, the
second el ectrode 105 may be a nesh of electrically conducting wire (not
shown) extendi ng bel ow substantially the entire substrate 10. The second

el ectrode 25 105 is covered by a dielectric 55 that is perneable to

el ectr orragnenbcveeé}eé%ss%%-slaﬁe foﬁ%ﬁat@ﬂ%axhanwér at k@wewmgg)éswww the the
el ectrode 105 go coupl e t w\g to sustaln %lg% in

energi ze a plESASPBF r?%feé%es ich Ea&% sgalbgpqql%s%?s ?'Pﬂearecﬂ“ét? SEER:
covers the ebestempe, He%exhadstat defaympriee Snewy npm bumbk ¥has Haveod Bdffidiently

irel 4 h 105, he f.i 115,
e o ne B u B b5 sl 3 el RO oPl B PSR
vol t age suﬁph@amﬂiﬁthﬂrauraacasrqﬁ#waam«mmaﬂmu Ror example, tthe @8tauahl ©hmay comprise

i | i | d
P00 02 4511 8BRS TOEEa s PRARES b HoRFERLaREE, TUPR efolial R iR
sel ect ed fr elpueraly of alrierst alppet 1608 djtessiegcond foraheharpber yplugtreofabpHt 2llitets. t he
el ectrodes 13§, exja%lé”?ry ok€ Vérrsfam m@%hp‘é.q O§|'FVavE Q ta@pwmp.ﬁg c%gcltyyf'?att!@rllét@e

supply 150 may al so be used to provid q
el ectrode 10%ql{'¥?'$’8rt?rﬁéw€tpdf?9)r§‘fea@fff9”&H'&‘P‘ﬁé6p9 tct Aeoud 1869 Pfsaﬁ%wﬁa@ fcﬁ@! ds the

substrat e1b dfambeEreoldme/el dbageedrmerrg typically from about 10 to about 2000
volts. The voltage supply 150 can also be controlled by a controller 160

whi ch may control the operation of the electrode 105. Wiile an exenpl ary
gas energizer is ill usAnanedizediyast hieh astapibena, mey be gaseraediyd gede

apparent 1o ggaol: P1OHIREN Rl dcphihbfienalloral 160088 REIBTALARE d Alordl

i ncl ude ot he? Ve hown
more 10 coi Iti;etglaat Fpnebcampleethy ge® apergizRF14hmay gompriss rst athrbrnond elegtrodes

m crowave, gengy a}bﬁ’f}l}]atﬁ%ee%e&ﬂ?éllg%}ag‘ga'Fggﬁvex%%ng agﬁ'gﬁ'L dr?er%‘@¥ ﬁ}%@’ébsgﬁ

(al so not showng
el ect ri cal | ythelshrmeanh! Q0. tU‘%ﬂ'@tﬁ'?Qf@Ld&ﬂ15&!‘%&/"%6%'““@ ﬁés@%@f)qfa@%cfmﬁw

typically a {5 vild #48nd dlectrBdNo8 RYelcwsPEULSatt MO iPE.EBStEaté su 'm t he
second el ectyode di.el ectric 55 a}l | ow

t he second yé)&qllbotge f@gor{doen%(grogﬁglrﬂb é%made from an electrlcaal y congu lng maten

such as a metal, for example, aluminum, copper, gold, molybdenum, tantalum, titanium,

20 tungsten, and alloys thereof. Molybdenum has a good thermal conductivity and
resistance to corrosion in non-oxidizing environments. Generally, the second electrode
105 is planar and shaped and sized according to the shape and size of the substrate 10.
For example, the second electrode 105 may be a mesh of electrically conducting wire
(not shown) extending below substantially the entire substrate 10. The second electrode

25 105 is covered by a dielectric 55 that is permeable to electromagnetic energy, such as
RF energy, to allow energy applied to the electrode 105 to coupie to the gas in the
chamber 100 to sustain or energize a plasma of the gas. At least a portion of the
dielectric 55 covers the electrode 105 and other portions may partially surround or
enfirely enclose the electrode 105.

30

The first and second electrodes 115, 105 are electrically biased by an RF

voltage provided by an electrode voltage supply 150 via an impedance matching circuit
151 which approximately matches the impedance of the voltage supply 150 to the load



to a high power density which is the electrical power applied to the
el ectrode 105 per unit area of substrate 14 to provide good etching of

hi gh aspeglp f»aki@ features in the substrate 14. The el ectl,rd-,??oll,mqbased
second el ectrode 105 generates at |east some 20 electric fi vect or

conmponents whi ch are substantially perpendicul arly relative to the plane
of the substrate 10. The charged plasnma ions of the energized gas are
accel erated by these vertically-oriented field conponents to energetically
i mpi nge on the substrate 10. The hi gher the magnitude of the electrical
power densi tiphpeliahdeofthe sacbndadiecttadedi®5i0a séleetehifglqeéndyhﬁn@mpafeeﬂnéqd@'rm?b'r c
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especially at elevated processing tenperatures of from about 50 to about
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car bi de, car cord I um OX i con,
sili con car lsibsiratei1@i dba etedatiidally biased seeand electrode 105 generates at least some

20 electric field vector components which are substantially perpendicularly relative to the
plane of the substrate 10. The charged plasma ions of the energized gas are
accelerated by these vertically-priented field components to energetically impinge on the
substrate 10. The higher the magnitude of the electrical power density of the second
electrode 105 the higher the apparent kinetic energy and directionality imparted to the

25 charged plasma ions. The higher kinetic energy plasma ions can more efficiently etch
the high aspect ratio features 29 and with better control of the dimensions of the features
29. In one version, the second electrode 105 and covering dielectric 55 are adapted to
sustain a power density of at least about 10 watts/cm?. For a substrate 10 having a
diameter of about 20 cm (200 mm), a suitable power level to be applied to the second

30 electrode 105 is equivalent to a power level of at least about 3200 watts; and for a
substrate having a diameter of about 30 cm (300 mm), a suitable power level is at least
about 7000 watts.



oxi de, titaniumoxide, titaniumboride, titaniumcarbide, yttrium oxide,
zirconi um oxide, and mxtures and conpounds thereof. For exanple, alum num

nitride pyeyiA8se¢d high thermal conductivity of from aboyl-@&etQeakpout 240
Watts/ m K, good heat transfer rates, and good erosion resistance. The

resistivity of the alumnumnitride may be tailored to 20 the desired
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of dopant materials, such as for exanple, ceriumoxide or yttrium oxide.
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20 the desired levels by adding small amounts, e.g. from about 0.5 to about 5.0 weight%, of
dopant materials, such as for example, cerium oxide or yttrium oxide. The dielectric 55
may also be fabricated as a monolith enclosing the second electrode 105, by freeze
casting, injection molding, pressure-forming, thermal spraying, or sintering. For
example, a ceramic material may be formed into a coherent mass having a porosity of

25 less than about 10% by applying a pressure at an elevated temperature. Suitable
pressure forming apparatus including autoclaves, platen presses, and isostatic presses,
as for example described in U.S. Patent Application Serial No. 08/965,690, filed
November 6, 1997, which is incorporated herein by reference in its entirety.



enhances etching of the high aspect ratio features 29 in the substrate 10.
It is believed 20 that the magnetic field strength affects the protective
si dewal | deppsiig 30 formed on the freshly etched featuresd9udonaéif
substrate 10. For exanple, in certain processes, as the nmagnetic fiel
strength is increased, the protective sidewall deposits 30 fornmed in the
et chi ng process becone thi cker, thereby resulting in |less bowng in the
profiles of the etched features 29. Thus, the magnetic field strength nmay
be controlled to optimze the 25 profile of the etched features 29,
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eIectronagnd?gweiﬁﬁ?mﬂgmmp 295 and 300 to control the nagnet tenperatures.
The heat transfer fluid maintains the electromgnets 305, 310, 295 and 300
at const ant tenperatures and 15 circulation of the fluid can al so reduce

over-heating of the el@FerIAAHIFetengiesf the magpetic fiel indhe chambgs 0P ddrthasr ough
the el ectr ospigaries etchgSoﬂ tA€ h@h%%eéthﬁh@fﬁakdr&yZan thE Sub =€ 10 ONRIFSReFed O

sustain azo' ﬁ']ra? %ecr%ragr;ﬁe o] flae?cfj stFer?'\egrthe laij{eégt)s protegtlve s%]ewn?l%%posﬂs 3f0I fg}ngjed on the
freshly etched features 29 in the substrate 10. For example, in certain processes, as the
magnetic field strength is increased, the protective sidewall deposits 30 formed in the
etching process become thicker, thereby resulting in less bowing in the profiles of the
etched features 29. Thus, the magnetic field strength may be controlled to optimize the

25 profile of the etched features 29, especially as the depth of the features 29 increase or

their opening size becomes smaller. For example, it has been discovered that in the
etching of features 29 such as trenches, it may be desirable to provide a high magnetic
field having a field strength of at least about 100 Gauss, or at least about 120 Gauss.

30 The magnetic field generator 292 can comprise an electromagnetic coil or
permanent magnet. For example, Figures 2 and 3 schematically illustrate a version of a
magnetic field generator 292 comprising electromagnets 295, 300, 305, 310 that are
adjacent to the chamber 100. The magnetic field formed in the chamber 100 is the
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strength to the chanber 100. The increased magnetic field strength is
desirable to provide enhanced etching of the etched features 29 in the

substrat e\af%poz/@ﬁd n one version, the magnetic field genergi@Qiywkdscdgnerates
a multi- directional magnetic fi el d having an angul ar orientation and

magni tude which are changed over tinme. Such a magnetic field may be
generated by a plurality of electromagnets 295, 300, 305, 310 (or

per manent rotating magnets) which are 25 positioned adjacent to the chanber
100. An el ectromagnet power source varies the current applied to the
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havi ng conpaestiomagheito austafLdbirgnturadnt gngtheeddygirovide a high magnetic field
strength to the chamber 100. The increased magnetic field strength is desirable to
provide enhanced etching of the etched features 29 in the substrate 10.
20
In one version, the magnetic field generator 292 generates a muiti-
directional magnetic field having an angular orientation and magnitude which are
changed over time. Such a magnetic field may be generated by a plurality of
electromagnets 295, 300, 305, 310 (or permanent rotating magnets) which are
25 positioned adjacent to the chamber 100. An electromagnet power source varies the
current applied to the electromagnets 295, 300, 305, 310 to generate a multi-directional
magnetic field in the plasma zone. The electromagnets may be paired to one another
and positioned to generate a magnetic field that is substantially planar to the plane of the
substrate 10. The power source energizes the paired electromagnets in a predefined
30 sequence for generating a magnetic field having independently varying angular
orientation and magnitude. Instead of being positioned adjacent to the sidewalls 106 of
the chamber 100, the magnetic field generator 292 can also be disposed above the
ceiling of the chamber and/or below the dielectric 55 having the second electrode 105
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to the surface of the substrate 10 and symmetrical about an axis orthogonal
to the substrate surface. In this version, the E x B drift velocity

inmparted {@ @l8flrons in the plasma is azinmuthal and urggef®18L861 T ons
in the plasma sheath to travel in a circular path in a plane parallel to,

and i nmedi ately above, the processing surface of the 20 substrate 10. The
magnetic field generator 292 provides nutually perpendicul ar nmagnetic
vectors By and Bx, respectively, which are generally parallel to the
support and substrate 10, as for exanple, disclosed in commonly held U S.
patent no. %h&E, &igorexaimmé\dﬁsslokettiurm(ﬁrlaa&dtrhrera'ezaﬁ,(mﬁwmtre'rs&Mpcbrateids
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changed if the
g magnetic vectors B, and B,, respectively, which are generally parallel to the support and

substrate 10, as for example, disclosed in commonly held U.S. patent no. 5,215,619,
which is incorporated herein by reference in its entirety.

25 The magnetic field generator 292 may be operated by a controller 160
that applies control signals via lines 315, 320, 325, 330 to conventional power systems
335, 340, 345, 350 to control the magnitude and direction of the currents supplied over
conductors 355, 360, 365, 370, respectively, to the electromagnets 295, 300, 305, 310.
The associated currents determine the direction and magnitude of the field generated by

30 each electromagnet. Altemnatively, the controller 160 can be used to control oscillation of
a set of permanent magnets of ferromagnetic material positioned in an armature that can
be rotated in a circular/elliptical form or oscillated in a linear direction. The perpendicular
field vectors B, and By generated by the magnetic field generator 292 are defined by the
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15 process conditions or chanber configuration require a constant field
strength. For exanple, the nmagnetic field nay be rotated at a slow rate of
2 to 5 seg@ypsiigvolution to increase etch uniformty 36G&@sndedihe
substrate 10. In another enbodinment, the nagnetic field generator 292 is
adapted to 20 provide a magnetic field that has major conponents which are
substantially orthogonal to the plane of the substrate 10 (not shown). In
yet anot her enbodi nent, the nagnetic field generator 292 may be adapted to
provide a magnetic field that has conponents which are at an angle to or
curved acr ostintlionsspadecosi2; and GyreB gin 2t Kaven tbe slesirecefgequired vatgsHh diecfialthe

pl ane of theg S&t&sﬂigaﬁgﬁn&%r{&\%&.oﬁapwe)con@oﬁlek Re GBS W\%Epé}?d%%ﬁ;f/ s&\fle Héeeq%ﬁér%“

i nvention, a t enper atUre contr ol syst I s used

subst ant i al | QP#F'T‘ Shnrsosifiehmagealicdieldoestar ﬁ@y 30 8¢ WB'LCB Pi@”%fﬂe d§é'f‘?¢hces of

t he chanber s'lt%gtrﬁofg‘leld BRE ofidHtatidrodndabh c&ﬂroﬂiaﬁplﬁ:ﬁf $rﬁ§ﬁﬁe ﬂé@éﬂsaﬁy@ectnc
substrate su achi eve good et chi n

ort as tio
Foaturos. b rouEatiodis pialamagneer IOtk FNEmBH AP N E S CaiRe 1R
et chi ng rat esrolide tied dédiregl ragndiic gbldaeprecs Byaid B, features 29 are highly
tenperature dependent and may vary consi derably when there are non-uniform
or inconsistent tenperatures across the substrate 10, across conponents in
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gas source tran gas out
di fferent zomrga%etca L@ﬁoﬂmﬂb’ cafound e sipstralec!Oof the dielectric 55. The
heat transfer gas facilitates heat transfer between the

In another embodiment, the magnetic field generator 292 is adapted to
20 provide a magnetic field that has major components which are substantially orthogonal
to the plane of the substrate 10 (not shown). In yet another embodiment, the magnetic
field generator 292 may be adapted to provide a magnetic field that has components
which are at an angle to or curved across the space or volume of the process zone 112
and above the plane of the substrate 10 (not shown).
25
In another aspect of the present invention, a temperature control system
400 is used to maintain substantially uniform temperatures across the substrate 10 and
surfaces of the chamber 100, e.g., the interior wall 52 and surfaces about the substrate
support 124, to achieve good etching of high aspect ratio features. It was discovered
30 that both the etching profiles and the etching rates for etching the high aspect ratio
features 29 are highly temperature dependent and may vary considerably when there
are non-uniform or inconsistent temperatures across the substrate 10, across
components in the chamber 100, or from one substrate to anothér. Etched features 29
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substrate 10 and the dielectric 55. In one version, the space between the
backsi de of 15 the substrate 10 and a receiving surface 147 of the
dielectrigopdi@ divided into two zones - an inner zone RYuRdsAR Out er
zone 990. Separate flow controllers 1070 and 107i are used to provide

i ndependent control of the gas flowrates to the outer and inner zones,
respectively. In addition, the separate gas flow controllers 107i and 1070
allow the gas in each zone to be nmintained at the sane pressure or at
different pressures. 20 For exanple, the inner zone nay be maintained at
10-16 Torr whdYieg mﬁ@nw?efrdeptmeondﬁferw.sma@sn@ayaqsui_ictrcnbwch tempeRgre

processing, {AatisHOSI letpldy ra@atsuagu.%re yubsns@ttsﬁhpeaéﬂref?s @5@%{5@1 in
t he chanber 100 agg &he dual fﬁ% g{ at transf ere?%?s control can be used to
render the s¥PRUFAPECABARG WAPLY RdhetemneraibrpsAcrensdng pbsiigisshisidisdess.

For gxarzrgl edthbh@bge%}a@ rfansfaeiple ase surbwawﬁ) déa"h Mlﬁlalrifaflﬁ?d iarujteﬁtpbﬁitu@ﬁﬁée
may be sted so yre renc romt center fo
the peri phg é\fub g\ﬁfﬁp 8?0"{th & %SQ{%{E)% Iasprletegr tIR5H '586?[?’3%'% e {NgeHai ns
near |y constabdut 200éo almeR4@ES. out er heat transfer gas zones 99i,0 can al so
be operated to induce any thermal gradient that forns across substrate 10

during processing. For 30 exanple, the heat transfer gas pressures in the
i nner and outer zones BOvneoversign,iee temparsiuesicantrot systern HEO nainjainatioifeni n t he

center of th?eawlaﬁgfreata@esl&crb& tﬂé%@BQFaté 'i‘@'BK?)FoJuﬁﬁéheétht%ﬂsftepgaé% FLature at

t he peripheral edge of the substrat Is version iIs | e when
the subst f&thelivg, ?&a pttts?"%szfa?fﬁf%!resew%&ter sstptesto. ¢ frr exampley as gagwvi ife 14

WO 02/ 43116 ﬁ@de@ﬁﬂ%l@anﬁ@fgéﬂtﬂéﬁbe Qﬂﬂﬂjedeom\’QQ@aitF@ts%#@%E 's8liRe 1O7itS

hot t t th t t t |
Cyst em 400 IR TIeat Brarorsas DREIALS by TBSRDt zangs SBER OB i eED ¢
di el e](c:t ri ¢ Surfane ofithe\dielectdtpP.oThe hastarapfer has fatilitdies heginiansfer b&dleen the

t t

ransier 28 ek RED NE ST S LSRR BRI
energy tolorthe sutmttat@to gndgtre@mngeumac& i eof dheedlieleciric 6556 dividediimtg tvbe

el ectrode 105no¥hibflhde? Fbﬁ'e ééﬂ%rna%ln &f?é}tzgﬁ& gg¥! §gp§%?]ém&vtteorﬁtb§étsrﬁ78 g%ﬂ and

conductor 62. For exanp hown 1 n ure uct or
conpri se oné0dt arﬁdt%ddﬁam@eénctepematt C@ﬁﬁfdblﬂf thegas flovaraips te the owlenped | titnéfe

control | ed hepgs trés’;\fé?cfu@élyf |dhdiiltfoh0fﬁe%e98fé‘t’é1§é§ﬂovfl Eb’rhtﬁbllé@ufd??ar‘ﬁilﬂy?@alw or
more fluid Iét? | eLs, 66380h zone to ge maln?alneg at t“elélame ressure or atOJlfferent ressureas
mxture of &PRIPSRG p P
20 For example, the inner zone may be maintained at 10-16 Torr while the outer zone is
maintained at 20 Torr. During processing, the substrate 10 may be non-uniformly
heated by the plasma in the chamber 100 and the dual zone heat transfer gas control
can be used to render the substrate temperatures more uniform across the substrate 10.
For example, the heat transfer gas pressure in the inner and outer zones may be
25 adjusted so. that the temperature difference from the center to the peripheral edge of the

substrate 10 is less than about 5EC, or remains nearly constant.

The inner and outer heat transfer gas zones 99i,0 can also be operated to
induce any thermal gradient that forms across substrate 10 during processing. For
30 example, the heat transfer gas pressures in the inner and outer zones 99i,0 may be
adjusted so that the temperature in the center of the substrate 10 is greater than or less
than the temperature at the peripheral edge of the substrate 10. This version is
desirable when the substrate 10 is, for example, etched faster at the center than the
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gl ycol and de-ionized water, circulates through the channels in the
conductor 62 to nmaintain the tenperatures of the conductor 62 at constant
|l evel s. Fgip @x3MR! €, when 15 the conductor 62 is heated t p4n®sisEAR! Y high
tenperatures during processing of the substrate, the heat transfer fluid
supplied to the channels 71 cools the conductor 62 to lower its
tenperature and thereby provide nore uniformheat transfer rates fromthe
substrate 10. The heat transfer fluid nay al so be tenperature controlled by
the controller 160 before it is supplied to the conductor 62, to nmaintain
t he subst r atgeribberd edfe, tdnevheashe subdtratetd mthotter, atftbe centantpke at it pexipheral

t enperature &j fromabout 80 to about 100 EC during the etching of
trenches in ysilicon. The conductor 62 nay al so be bonded or joined to

t he dlelectrlc 55 by a bond layer 73, as shown in Figure 2, that is nade
froma material havingrge hingl ﬁee%t»énsjs@érﬁub@ﬁ{mhnm%%hgé@ 4 Yonductor

Attaching the dielectric 55 to conduct or maxi m zes heat transter
rates frorﬁtef?edléﬁ"éﬁeé’cqqk?v&tW'?'Sth'ﬁé5faP9|3€°YehaﬁH@PQ%%?fﬁ?eao 14 figthef gentrol heat

clonduct or  Gansfteates betietrnahe Z@bft@k G0&Rd b@@oﬁ]m avf@rthau@orr@z @lan such as
al um num co n-1e e ayer

honpgeneous ‘ﬁ% %nypﬂﬂuﬁwﬁﬁte'e%‘?’ﬁﬂaagg Rk)ﬁr%"stﬁﬂ”?%mrﬁélaetn qyatﬁsolr gP”}tQFes
across the swubstratati® vid trendleleettdio 58<od€ringethe atactrode i1 06, Widetnialin thepeal aoomcat

B e T

capabl e of0 alosdudibm@R triayrcoElpriseé vee Semons t@mgISfmdhafanqy béreuppiied @ipansi on

The ai el ect nrt PEBU SoflrSls5ligt GarReilfilsin LaRAUERphy<olics BY Ml GRIRG! N9
joi nt provi derediicinigs $3r e beat tanafes fidid, supheas, for example. remixture ptethyleng or

such a j oi ntgnicQ) dhd B@ﬁ&%meﬁ Qﬁelmatbs%b #e cﬁéhﬁél@ﬁmtﬁé@ﬁhdﬂcﬁr%&qaces in
t her mal expan5| on coefficients mat er

Sim|l.ar
s oA taie ToTPERIIE o BE CANICCNEs S aPRE ARt IO, SRE kAR mat Tl
stresses. 1A thelcdhiceoreampheaet tduhdsxiiablg m@rttempafatmgﬁumszyﬁrozféwmftm@ h

Ton2 (I commerseaha el Bl Mid Mo CROBRERE R ML eod P e BhHASH 27 e
with titani u::vweh itsdemgersdure amdhéretly povide respamifenn heatrtiansier rates frorerthe The

{her el Per BhApAE 00N aPRILAAKR mEj ke BRARE il e

conbi nation 0 expan nboss sur
controller 160 before it is supphed to the conductor 62, to maintain the substrate 10 at

20 the desired temperature, for example, at a temperature of from about 80 to about 100
EC during the etching of trenches in polysilicon.

The conductor 62 may also be bonded or joined to the dielectric 55 by a
bond layer 73, as shown in Figure 2, that is made from a material having a high and
25 uniform thermal conductivity. Attaching the dielectric 55 to the conductor 62 maximizes
heat transfer rates from the dielectric 55 to the fluid in the channel 71 of the conductor
62. The bond layer 73 can comprise, for example a metal, such as aluminum, copper,
~ indium or tin-lead alloys. The bond layer 73 has a homogeneous composition that
provides more uniform heat transfer rates across the substrate 10 and reduces
30 variations in thermal impedance at the interface between the conductor 62 and the
dielectric 55. The bond layer 73 may also be compliant to provide a ductile interface that
is capable of absorbing thermal stresses arising from any thermal expansion mismatch
between the dielectric 55 and the conductor 62 without damaging the dielectric 55.
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The tenperature control system 400 may further conprise one or nore |liners
104 that cover at |east a portion of the chanber walls 52, as illustrated

i n Fi gurepgy g24sfugone version, the chanber [iner 104 conprimqsy@difibdist
(upper) liner 134, a second (lower) liner 118, or both a first liner 134

and a second liner 118. Disposed within each 15 chanber liner 104 is a
passage 119 to hold a heat transfer fluid provided by a tenperature
controlled, fluid supply system such as a liner fluid source 121. The
liner 104 may al so be a unitary or renovable structure to facilitate

cl eani ng or nwen®yahetafbdnided jdimtpesvidé¥morEhmifoat heat tedrasfdraatespit mai®@ ditfisult

apertures 1 only. o 0 ' ' | jqur.e 4). oy access
to the seco%r l(’lf%]e JOTTSO Wlt%yh{géigm}e@? @ﬁ@‘gﬂe%%é}t%fesﬂtéﬁg) éwtep%egg‘bﬁ%ﬁalc}ri ng
122 di sposecexpansiogcoefiicienB@f dissiolssmakdsiats. #hes) tagendiagerlidmayhe madeer s
104 may al S G oNEAREnl RabAEAS ARRBIOL!AEMR sPEQEESH suiBBleUstrfint e
liners 104 to control the anpunt of process residues that are present in
the chanbe? brodingwnaterialigemAiisps Ahereatiach 13 (B eammercially @valRDE free hi gh
aspect rati QCEomdiRAt tee ThifndthRh SRS babAsdda high HAE s¥BRGthOpresie sBRtive
transfer fluid fromliner fluid source 121 néalg be passed th og%h the liner
104 to heat a9ndic|adhesive,aixed Wit Hiantusy dibardsand pepliegite 6R %Pa?f{e@ EINUBY| dues
f)_n thelloi4nerca1x¢h4l.. TRe dherrzg pﬁﬂﬁﬁnﬁﬂﬁ@&fﬂw%%nﬁﬂaybh%m@bbh@mr}]agnbid !cajiethkehan?fer f
i ner m .Sq. reduce the unt_of process residue ic ake o 0
the |iner 10‘)@‘:’”21‘1?33%88;9%%“ W@Qg%%ttﬂlﬁgdfﬂg?ﬁ%ﬁ%u € 30 The tenperature
control system 400 nmay al so conprise one or nore heaters adjacent to and

oo s Por e hmmte. snihe tiitberdile GRGPY Sionf RO a0 RuArEE RPAREBne BFIOIDT, |
16 WD 02/ 431inersPiOH thsbaqvasatileast adeirtianef tag chamber walls&2nas ilstrated imEigHEA-

transfer flyhdne Rasiid thdradtber ifg 104Nmplkid8s a tidd (udpery IpBHH84 & ddt8ngei | 1 ng

68 tenperature. In one version, the heater 67 ma%_conpm se, for _exanple,
coil's or hedlomes lieeeiEdies both & firshlinarria4 med @ se0pe line 148. Rishased wWiibeachhe
: id asiﬁ’fSWc{lgirﬁgr Iirﬁﬁﬁl_ohﬁﬁé PaSs#3é 1MeM)o h@ldcbd)l?éaﬁrﬁﬁlsfefj)ﬂm_é@h\ﬁdbﬂ e | ing $8 gr

i ners , to hi r, fenperatures before or rin rogessing. of the
Substrate 109TEeRuIR BN B MATBERRY FITET RN e e e B THB TRl hae
been found ti@4beayalsd be ul ity oradmavdtdeg siouturedo feclitate vt anaid armgmb2alwif the t he
heater 67 a |4 I r i | at
transfer fl lﬁ}ﬂ%rf ﬁ%’oug%gﬁgﬁ%anr}é%ggﬂiwaﬁg a@éﬁ?ﬁeﬁgﬁgﬁnl?ﬁng of &'H!Cﬁtié SHowl

in Figure 4) that provide access to the second liner 118 from the exterior of the chamber
20 100. An O-ring 122 disposed in a groove 120 circumscribes each aperture 116.

The liners 104 may also be heated to reduce deposition of process
residue on the liners 104 to control the amount of process residues that are present in
the chamber 100, which in turn affects the quality of etching of the high aspect ratio

25 features in the substrate 10. In one version, the heat transfer fluid from liner fluid source
121 may be passed through the liner 104 to heat the liner and thereby reduce the
formation of process residues on the liner 104. Reducing the deposition of the residue
on the chamber liner 104 may also reduce the amount of process residue which flake off
of the liner 104 and deposit back onto the substrate 10.

30

The temperature control system 400 may also comprise one or more
heaters adjacent to and abutting the liners 118, 134, for example, abutting the chamber
ceiling 68, as for example, shown in Figures 1 and 4. The heater 67 may be used in
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this version, the tenperature of the ceiling 52 -- whose tenperature may
fluctuate 10 between when a substrate 10 is being processed in the chanber
100 and t{ig @ng{@ zed gas heats the ceiling 52, or when quﬂ§%Q§&ﬁ@te 10
is removed fromthe chanber 100 in between processing steps - may be
regul ated nore precisely using the dual heater and fluid control nethod.
15 The ceiling 52 and liner 104 may conprise alternate versions, for
exanple, in one version, as shown in Figures 5 and 6, chanber ceiling 52
conprises an openable |id assenbly 102 conprising a first liner 134 and a
l'id 202. Theatiditis ot &nem altdativieas tienheattrsasil fluie pbesedi theubh &rgmes428 t 1wt

rests upon t ass edtothe

si dewal | 106 ?ageg\gﬁfe Cegr ﬂglwwﬁpg@gﬂe hﬁ%@hlé@ﬁhéée% PLpoleY SBEPHRRACE he
si dewal | 106exarndplei eails or haemnglaamemf@r sushasghe heating®oil$ 6g rrwated:ﬂbzve theslpbsed
in a groove h
first ) i nerg%gﬁﬂz;yngb%ehzhgﬁé\%\%\g #@&Bé%g&ﬁ%ﬁg\é@%a% %‘asea?q % fa4
exanpl e, af ©Wghgy tavperagirepbeior Prrﬂlﬁmgrpcﬁ‘éﬁﬁéS'BQinhﬁ Sluhétratﬁdoifv)ﬂ%du@%t ween
the lid 202 @Mbetrélaréﬂuoiiatioh@ﬁnhé%ﬂa;mb@rvuybeat @asg@e%ntfb&huto%%admwn those
conmponent s. |id asse %%thq?%l s general bi ased downwar dl y when the

lid 202 is cPAANERISPHS M B ling 3¢ Wik %?tei@z a@ﬁééwﬁfgeréon%m king

pressure on teh@esﬁgm d:ltdlu%mné hgamfermlatdahdo@gh tarthramel sem@ﬂ*@saemgg shanper
100. Theflr |ner&ﬁ§4|s br| ted. f g?atherrra %tconu

mat eri al , IS V56°18% Iteé“p%{ﬁ e&FUPr‘? WIA3SE tANRE "g?é'@ycf“%‘?&?m c or

ot her suc hO cb&twaém bihen armlbetrataHQ is Eblegfplrmcsﬂsséd indhe &i%MioeyMOOiand sSheaemmargized
section 341 - , 316.
The. di oh- shepar e a0k e RHEHACIO RrfRaoh b U THE A’ ]

t he out war dl Betegerpicagsing siege -39y bfmgellﬂﬂedw@omr prarisaly upng i 4l heater and
PCT/ US01/ 462404 thverdraidusyg. surface 316 is a cylindrical wall 318. The bottom
surface 316 and wall 318 have exposed surfaces 343 that are exposed to the
process volunme 112. In another aspect of the present invention, the

deposi tionsof process Phé eéiii:@bJszsaﬁ@méraoﬁirﬁ@}cdmmgé akSrhatesvdraigng @t by
provi di ng an a(rgo sed surfaces 343 co surface

Do ha a2 S T e ety 78 SRoT T M TES 53, Chay ey peTIng Satbomprises an
has- been di smxremebledndtdsaémbryelme:iomprrseﬂgw fimtioieh 1341amda éid 282 d&ke figblirerbiégause

't reduces the AMOHRL RS REQERS AarBl 547 At ASRAPOR %L QBehdP1dd. MHe 34 T O

reduce excesslve
assembly 102 is clamped to the sidewall 106 by a pair of clamps 206. A first seal

20 disposed between the sidewall 106 and first liner 134 (for example, an O-ring seal 302

disposed in a groove 304 in the sidewall 106) provides a vacuum seal between the first
liner 134 and the sidewall 106. Additionally, a second seal (for example, an O-ring 306
disposed in a groove 308 in the lid 202) between the lid 202 and the first liner 134
provides a gas tight seal between those components. As lid assembly 102 is generaily

25 biased downwardly when the lid 202 is clamped in place, the lid assembly 102 exerts a
downward pressure on the second liner 118 when installed in the processing chamber
100.

The first liner 134 is fabricated from a thermally conductive material, for
30 example, anodized aluminum, stainless steel, ceramic or other such compatible
materials. The first liner 134 comprises a center section 341 having a dish-shaped top
surface 312 and a bottom surface 316. The dish-shaped top surface 312 has a
perimeter 314 that is connected to the outwardly extending flange 342. Extending from
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process residue formation on the liner 134 and thereby inprove etching of
hi gh aspect 10 ratio features in the substrate 10. It is believed that the
excessi veygreuiifgat i on of  process residues near the substg@tgolQszifsul ts
in the generation of higher concentrations of process residue formng
speci es around the substrate 10, which causes the. deposition of excessive
process residue anmounts on the etched features of the substrate 10. The
excessive residues result in poor etching of the high aspect ratio
features. 15 Figures 5 and 6 show a version of a fluid passage in the first
liner 134. Ithe bohom sugfasé 8MQ isaa peinidrieal wall 318. dhe bhtloroesutface sHTancbwalBa18

contains a f d.,p8 Y RBefi LSS drilling a
nunber of mﬁéeyrese t?%(ggﬁf%%g%gg%aetgc )g?) \?\ﬁui cﬁgqberlresseaﬁlh%gl)y a plug 210.
Each end of the fluid passage 322 is connected to the top 20 surface 312 by

a bore 324. Two bossesm?»a'%ﬁ;tr(é?ralswe@@etr@fpr@éuxﬁhweﬁn&th shiod af sro@éss
protrude from

center, secti ss 326
Do L Cont brresi e eBa it el 254 I%IFGFSP%P@H'“Q@W%B%?‘%MF L3882k,
the respectiyeldioel shcbth SheacefHavirg a)p@eﬁ@g@eamm&s@faoeso@dmneds bf l@m; tHae.

i fluid d the fl | at.es th f
R T T A M s e T ey
25 As the flitieduces thieramduat efiprobessughtetifiedeposited on thedindB3134 tooedudeesXceswve

fluid sour ce% %ge]ss r&?ﬂgu? f&?&‘éﬂ%n 8h Héelﬁ'{er ﬁ’é&’gh&jﬁ%é%tlmgo%' Jta%inéaéﬁr}g@w é%pdéc't S

controlled erm mal nt
pr edet er nithadtia @ﬁt&&'ﬁatmﬂ@s&%ubﬂtfﬁieﬂﬂw [bis batievad thatthe exeesgivedecymdaton gfaseous

fluid, is fld?&@éistr&xe&@néé?%é &ws@a@ﬁ%@am?mhé geﬁé?ﬁﬁdrpéfrﬁ r ESnaRAkaksHL
of theflrst l1ner 134. The fluld may such |on|zed wat er

and/ or et hylG5REPCS8S FRSIAUS for%'ﬂgﬁpa¢la§ar°§uem%§u sfratmp &hcﬁ’a{@éﬁ‘iﬁs Ri trogen or
Erc%v B S(() B\/I46 B&lgﬁeomgﬁlse prdeébmésgiu@ramdaﬂtsawafr@ etdidWeatdris4s lﬁle6substrate

e of .ordin evi se
Conf Fgur at i ohs WS SGSFIEe [stib Aeitip Bo i Tndphink MorCeeatiaf feahtgs.
depicted 1:, Figure 7, a lid assenbly 202 may conprise a first fluid

passage 322a and a seqand LIl PARARGeARRE:r aflf bhisibe PP sRRGABIAY Uhd

passages 322a,b nmay share -a comnon n ou
i || ustrat ed thia VEisipu, @ Peringien Jdaf ithe cenderi sectiomP41 eondeins adlyidnaskaass32dipabe

utilized. The pd forheay B8GRIGH drillitgth RARBSHUR hiterdectg@otbsT fAch 3P walcho
doubl e back inatw tu ass configuration. Additional tube passes may
al ternativeld® 5@!1&%5@5@&&1%?2@ Each end of the fluid passage 322 is connected to the top

20 surface 312 by a bore 324. Two bosses 326 (only one of which is shown in Figure 6)
protrude from a top surface 312 of the center section 341. Each boss 326 has a center
hole 328 that is fluidly coupled to the fluid passage 322 via the respective bore 324. The
fluid passage 322 receives fluid from the liner fluid source 121 and the fluid regulates the
temperature of the first liner 134 by transferring heat from the fluid to the first liner 134.

25 As the fluid is circulated through the first liner 134 from the liner fluid source 121, the
amount of heat provided to the first liner 134 is controlled, thus permitting the first liner
134 to be maintained at predetermined temperatures. The fluid, which may be liquid
and/or gaseous fluid, is flowed through the fluid passage 322 to control the temperature
of the first liner 134. The fluid may be a liquid such as de-ionized water and/or ethylene

30 glycol, or fluids, such as liquid or gaseous nitrogen or Freon (TM Dupont de Nemours,
Wilmington, Delaware.
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Returning to Figures 5 and 6, quick-connect fluid couplings are utilized to
10 fluidly connect the liner fluid supply 121 and the first liner 134 to

facilitatgdpasi@pid renmoval and replacenment of the firstpdy g d3g from
t he chanber 100. Typically, a quick- connect 336 having a na(e pi pe

thread-formis threaded into a female thread-formin the center hole 328
of the boss 326. The mating coupling 332 is affixed to the termnal end of
a fluid supply line 334. The fluid supply line 334 coupl es the passage 322
to the liner 15 fluid supply 121. One advantage of this configuration is
t hat when repl aci ng t Hend pirardinaiyraill in tevant hen devisedaltanppe gonfigusat®®s using be

easily di scenn &'l h | ¢ : or
134 10 the T acags PROPIGerdh"ehr BRI be Herlckt i Fidide 12 e dssbr

ni ppl es, co|zpatmayo¢9mtser%ﬂrawaﬂq H@saasﬁéﬂ@rag}d arseePnsfiuics eassaeaﬁ@RbC 8 AR detts

are COMEr ghalskyordVlid 99&@9@@@2% B nga_tlyw a0d A Yomflopahietsdmsend a%nﬂﬁcﬁﬁ ogticte
(thread-formand sized to.slip

i nsi de the §?9%\ﬁ/§l”‘%'5tiﬁt§d\)\ﬁ‘ % WBFﬁ e f'oné'ﬁfea?%lﬁ%@\p’a“i%aﬂgHaﬁetwmy ‘ét”'ﬁﬁ?r
vary in hei ghe,ﬁrﬁladdméyondl\ﬂwm pasdewBRA ALUNdB226X cantlalsd idoetsle bexk naltviotubbe

[imer 118 aPBoETOYAIOR ASHRA e aapa ey Rt HEbe P aReRed ana

sized to fit inside the chanber 100 to provide the conpressive force

required by the O ringg, FIL?I’ s 5tah@SSﬁ\ﬁafgod'HeEPﬁw%%@thﬂgézgfe &tﬁl

bottom 108 around the
i n pl ace.10THeidlyi Cﬁ’éﬂevtéh? “fﬂ’gluwpabm%ﬁﬂﬁ’éh? jirst inardith tafaqlisge the @P'Cbt her

ports for V?émmaﬁalwéfe‘men%f@séamlnﬁe:ofsﬁmtr@m?na@eﬁbg rr§p.aa|ﬁ/uaahrcﬁte
30 access port to_al |%n with the slit openin %‘jeac; he chanber 10 Ret ur ni ng

to Figure 4CoRngst3gRBAUNY ?rﬁ‘éﬁ'e pipg threapderat is in{p %Eﬁm%laﬁasagfcr{@ BdRe om
portion of t:&ﬁeﬁthtaaizee of tHelites 826. The naaiudgtcbommgtd:se iSeffiredltd theesrmiima dae 19

WD 02/ 43116 S01/ 462 0OV | t I

O el HSohe 164 Loy o HRLER BB SRl Bl Bt Sl P EY s
r oughnessisofluid 2upply ri@du et duyadiage oF thisoconfijunatiot sdbat wietnenepkakcingrine fiest linarer
118. Th | d I :

provi deg fS (raggn@ﬁh dmgwﬂ%ﬁ%%ﬂ%gegi@?%ﬁg& conduﬁh\ﬂq}fgrbt%%%r‘bas of

regul at es t beuing dgpénstiingr d 3é o thediuicbsupmty llf\en3§|4 fp1 8xayypler pips tepads darhesk

fromthe fl Hi{oeleeocdugtac&%ems hhdi‘ﬁfe nkéL%ay éeotba@séauududkscofahéaslla?é ed through
the second |1 ner fromthe liner flu source @{munt of heat

provi ded toc‘?rﬁ@%‘e@%ﬂi’a!l?q‘{%?nQE? 9%"%’5@%5‘5@49&?’35?&% pﬁé‘rﬁ‘ﬁec rRgd-form and
20 flow capacity).

The liner wall 318 is sized to slip inside the sidewall 106 with minimal
clearance. The liner wall 318 may vary in height, and may, when used without a second
liner, extend to the chamber bottom 108. Generally, if both the first liner 134 and second

25 liner 118 are utilized as shown in Figure 4, the liners are shaped and sized to fit inside
the chamber 100 to provide the compressive force required by the O-rings 122 to seal
the second liner 118 to the chamber bottom 108 around the apertures 116 when the lid
assembly 102 is clamped in place. The liner wall 318 may additionally contain a number
of other ports for various purposes. An example of such other ports is a substrate

30 access port to align with the slit opening of the chamber 100.

Returning to Figure 4, the second liner 118 at least partially surrounds
the bottom portion of the chamber volume 110. In addition, the second liner may be
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the second liner 118 to be maintained at a predeterm ned tenperature. 10
Figures 8 and 9 show a version of the second |iner 118 conprising a base
section 5Q¢ @nd;@n outer wall 506. The interior surfaces ﬁQgﬂﬁjlhgﬁObase
section 502 and outer wall 506 are exposed to the punping volume 114. The
second liner 118 may be fabricated froma thermally conductive materi al,
for exanple, anodi zed al um num stainless steel, or other conpatible
material. The base section 502 contains a fluid 15. passage 119 that my be
formed by, for exanple, casting or by mlling a groove followed by

pl uggi ng anyadapéer fecprovide 2 reletieaiy et @Pgth surfapelwihisdagyehanigervalunise T tinsd

by drilling nddy Béaﬁ@fbtdéé@l slalfsaeuiRI\}@ @8ig Rk sRIF 499 F&uke%@@@das@eﬁl%f Blockhe

holes as illustrated in Fi gjure . I'n"one enbodi nent, gassa ge 119
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change out o UIC fect o 1 ond couplTngs ar
utilized betthesacartlireedddib be m@intaimad aMp@dE&rmMUeme@Bﬂe hat f luidly
coupl es the passage 119 to the liner fluid source 121. Typically, a

qui ck-connect 512 having a nale pe thread-formthreaded into a fenale
thread-fof®n in the boSigums® and gﬁh%ﬁ VBEHQN efghpseepngilingr A8 compiifig 3 based.
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uid s us ur| S | is
P bed b et cevall HE arb, s B e RMDEAIRLS T The eandpar 16 may
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suppl y aterntlv e
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outer wall %chlGJ F @(ﬁ # éﬁlaﬁdy&%g%%aélﬁ%rﬁa@ﬁgpﬂ& &% rg%ﬁé Fﬁﬁ@gﬁ:@%ﬁm\% th
the punpi ng ipersectiEBblinthrolescnd ritogee theswnrwspfﬁmql%a @%/"'éﬁtaé?ﬁ)@s"ggtﬁe
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of gases in the pu he throttle val ve and F‘FEPS 1009.

g vol u
The outer vv&np'r@(ﬁﬁjr?ﬁ%? éq ‘P%ﬂ 22thihat s disega® drouah theseronsd

vari ous 20 Each end of the fluid passage 119 terminates in a boss 510 that protrudes from an

exterior surface of the base 502. The boss 510 interfaces with the apertures 116 in the
bottom wall 108 and ensures the proper orientation of the second liner 118 in the
chamber 100 (i.e., all ports align). To facilitate the rapid change out of the second liner
118, quick-connect fluid couplings are utilized between the second liner 118 and a

25 conduit 123 that fluidly couples the passage 119 to the liner fluid source 121. Typically,
a quick-connect 512 having a male pipe thread-form threaded into a female thread-form
in the boss 510 or an SAE port coupled with an O-ring is used. A mating coupling 514 is
affixed to the terminal end of a conduit 123 coupled to the fluid supply 121. Thus, during
when the second liner 118 is changed or replaced, the conduit 123 can be easily

30 disconnected. However, other means of coupling the second liner 118 to the liner fluid
supply 121 may altematively be used.
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pur poses. An exanple of such other ports is a substrate access port 526
that aligns with a slit opening 139 in the sidewall 106 to allow transfer
of substr 2M814¢n and out of the 10 chanber 100. An advat@@®621bhe

| i ner contiguration described above is that chanber down tinme for liner

cl eaning can be mnimzed by using a pair of liners 134, 118. \Wen I|iner
repl acenment is desired, the clanps 206 are opened to release the |lid
assenbly 102. 15 The respective liners are disconnected fromthe fluid
source 121 by disconnecting the respective quick-connects. The Iid 202 and
gas feedthrough 212 aréhsep’ara&aéﬁ% isoganehaly ciylindsitallandes siz8d tcagefinememfnimsit

i 134 | i i 134, |
removed. t neoRblEfieritaatber 1aFs. cFATARR: drlbs0CREr vad o bl palyBery i
m ni mi zed bylineepBads alep uihieeﬂ ianglescribed, abm@ Tneuter walp506 additinedy tertdinisr ough

212 are 20 Hﬂ%u&hmgpm@a tﬁé}%u%ﬁﬂvmm@wn |r‘ndﬁc§rt|13£§‘e'[] el%aum?orpéﬁmﬂ%

are cl osed, ressing the seals and sealin nber vol une” 110.
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conpl eting thRebd HegasehHGR puPHindVAGRE YN £ to thaehiotRDMER 80 wmﬁﬁmww be

| d |

oo netal |t ThsPutan wal 508 By Stiflondly BHBMHE Rempefl olhat ebr 58 VBl S erent i s

ggg [ rfed. t Ihn pwpowsgwlmeéxaaqqm@oﬁsmh dtfesTiporta ise mmtdadcesysbreaz&@m alﬂdif&lvhﬁz e
(0] e s or 0] S r ul

Condui ts 207 HRBEENRd AR T Ehe B0l 3B ) Bfaf Bongtr F3URDRE ol APRE " { e

t enper at uteschambehéO@hanber. For 30 exanple, the conduits 201 nay be

di sposed about the perineter of the base 200 to transfer heat between
surfaces of the support 124 and the heat transfer fluid within the
condui ts 201. In addi tAmadtantagsefitos linergontigysetioatdasedbadahaye iphatehsmber

chanber, th%oanedm@fo@‘hHéreclé’éHHg’ & S‘&'nﬂﬁ:ﬁ%s@@% éTae;B’a‘iMf?né&aﬂSd 768, When
terrperatures of surfaces about 1 WO 02/ 431 t he support

124 remai n HNgheRIRSEEEN § deshed. é’Pﬁ Flampy 28f é‘\r/%?ﬁe"(eﬁéo HRIpRRS e 43 agterphln d84s
resi dues mﬁtrmetrbgpeﬁsﬂr/é as&rs ard B@c@ﬂ%&%ﬁlfmm fHe fRiid SOUPEY B2 LB ediecurineslinge@e! i ner
o gL e A doni R b d B LSRRI LSS L84 o e
134 and secdinst lihemt34 dridBtharfiestdioet 133 ik diffedyutfdf twd crganibdenit00. Ohnce thgfirstimer
passages 1193300, Jeqel 1Y RcbAFidFSRE G Lifaly Rifcved 1 BnaRBelddvn i8R t he
minimized by replacing the liners 134, 118. The lid 202 and gas feedthrough 212 are
20 positioned upon the replacement first liner 134. The clamps 206 are closed, thus
compressing the seals and sealing the chamber volume 110. The respective
replacement liners are reconnected to the fluid source 121, completing the liner change
out procedure. The removed liners can now be cleaned to eliminate accumuiated by-
products and then prepared for re-installation into the chamber 100 the next time liner
25 replacement is desired.

In yet another aspect of temperature control system 400, the base 200 of
the support 124 may also comprise one or more heat transfer fluid conduits 201 through
which the heat transfer fiuid may flow to control the temperatures in the chamber. For

30 example, the conduits 201 may be disposed about the perimeter of the base 200 to
transfer heat between surfaces of the support 124 and the heat transfer fluid within the
conduits 201. In addition to controlling temperatures in the process chamber, the
temperature controlled base 201 may ensure that the temperatures of surfaces about
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liner fluid source 121. Upon exiting from passages 119 and 322, the heat
transfer fluid may be conbined into a single conduit before flowng into
the heat {wApskels fluid conduits 10 201 in the support basg 13890
returning to the liner fluid source 121. The heat transfer uid serves to
regul ate the tenperature of the liners 118 and 134 and the base 200 by
transferring heat between the liners 118 and 134 and base 200 and the
fluid. The tenperature and flow rate of fluid fromthe liner fluid source
121 may be controlled to regulate the heat transferred by the heat
transfer fl utiee duppbhe2iiramain HdBeroudh 18 4ulsdiahtiblly basven2Bo depositomeof\pes&dson, a

user my proy] J or the tenperatures of the Iliner wall 118,
134 and base}/éfg%,e§ @?3@§2§#pﬁ%8%s.i nto the controller 160 which would

regul ate the anpunt and tenperature of fluid output by the liner fluid
emperature which Moy 1odoee Ths CHangid HUFELaRRNEY indt 4 chf Ruboart PRts 200
liners 1043nag§casding ibifeaiesrnt syentordb dlustrated Brfigusn10rhia apsrasienehes of the
T Pl € 20N g B 1 L e cRa Dy AL IR, i g
i z i S, u [ I Sl
heat transf eﬁ‘r‘?%ﬁ'it e pghvRgesd 19§nd ﬁﬁﬁ%ﬁhﬁﬁéﬁﬂec Ve lingrsy 1R AR 136 &prmrthe
the. temper at i pe ol tho Dorberal e o oer soaee o A Mo e
wel T o’ i Y hecamENEeatiscd ro'e Shied et R FErpE naet Farsh AE R R,
'lIJ'K rﬁm);/i Pg 2@hin tgeaeppmc_trbblammr@dpbmmng tothe diessfiuig sadree H21.slinedteabtranstér.
e heat tr r i) em
300 may be CAberryELld SOy 1R OpERRrp e (Rl CTRES R i andiil bt 20U'5)
fields appl itensfeiringBeathaiwesn ihgyinpe lgang %éoﬁrfdchasﬁé%)@ Fodrthefigd.ofhe i me,

even for RF t@ﬁ\g@%@*e ArRMRIWPratd ofofui AROMShS AP IV dovir@f 1RAE ) 8E béntfdiigh 45
greater than 100 Gauss.

Thus, the aspects the present chanber 100
cooper at e t deHGiA BE Nerpiansieprahy thatheat Eansienflyidie thedpers dd8 29d 434 end
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at good g

The components of the temperature control system 400, including the

dielectric 55 having a multiple zone backside heat transfer gas, the support base 200
comprising heat transfer fluid conduits 201, the conductor 62, and bond layer 73, fluid
circulating liners 104 and heaters 67, are capable of controlling the temperatures of the

25 substrate 10 and surfaces of the chamber 100 as well as maintaining the substrate 10 at
uniform temperatures, for example, by removing heat generated during plasma
processing of the substrate 10. The heat transfer efficiency provided by this temperature
control system 400 may be used to ensure that the high RF power levels and magnetic
fields applied in the chamber may be sustained for long periods of time, even for RF

30 power levels at or above 3200 Watts and magnetic fields greater than 100 Gauss.

Thus, the aspects the present chamber 100 cooperate to provide high
aspect ratio etching of features 29 on the substrate 10 at good etch rates. For example,
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etch rates, for exanple by controlling the tenperature of the substrate 10.
The tenperature control system 400 al so enhances the etching of high

aspect ra{iglsplures 29 at good etch rates by reduci ng tdeg, dEpME o Of
process residue deposited on surfaces of the chanber 100. For exanple, the

tenperature control system 400 may heat the 10 liners 104 to reduce
deposition of the process residue onto surfaces of the liners 104. The
liners 104 nay al so conprise a relatively snooth surface which does not
pronote adhesion of the process residue to the surfaces of the liners 104.
Fur t her nor e,thé hes eeeu‘gaasﬂﬁlﬂz@v‘wieds siuffictelmdy bigbiriomgr déndiy gcladiae e features
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rati o etchin ch rates by reducing anount of process residue
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shown in Figure conpri a_conput er - r ead um

havi ng t he @dh@ﬂ@@pﬂth@msyesgﬁt@gtpéhﬁ sgtpcerpbinedigetsnldei irthpfragrer sl vy, t he
rremgry 193 %&Madé‘t‘%&!@ﬁi?gn hi%ré?lctﬁllﬁg \osem ggpec.@ra@a f@étgfésfmt gdol e&enldfs wnd
ranaom access nenor on ur

olural ity ofemAYEg plcessias eﬁ?rem%ﬁﬁbam%rr fodBa s drdelih SRyraesine

I nput f and1sogftepw;tnctm@frmlscessméamea@:golsﬁaad& ofmmlcrramwr 100ntrhelrédercedoar ds. | The
i nterface et we N _operator an e cont exa e,
via a displ gﬁpﬁﬁﬁorh%&’r% esﬁ%ﬂ?ueﬁe% ‘i@%fac?ﬁg "égﬁp'%g%egi? erfgq 3RS rr}[:)
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or function, the erator touches a nate area o creen on the
noni t or 190 Cémbﬁru opReate Rrowde @rﬁwtﬁ@emhgmbelp%wmmenw M the ,etqhmw
area touckedr RigAREFSct ¢ eatufds éh RWUBBHAte 10 at good etch rates may be achieved.

The chamber 100 may be operated by a controller 160 comprising a
central processor unit (CPU) 174, such as for example a 68040 microprocessor,
commercially available from Synergy Microsystems, Califomia, or a Pentium Processor

25 commercially available from Intel Corporation, Santa Clara, California, that is coupled to
a memory 193 and peripheral computer components, as shown in Figure 2. The
memory 193 comprises a computer-readable medium having the computer-readable
program 189 embodied therein. Preferably, the memory 193 may include a hard drive
187, a CD or floppy drive 188, and random access memory 172. The controller 100 may

30 further comprise a plurality of interface cards including, for example, analog and digital
input and output boards, interface boards, and motor controlier boards. The interface
between an operator and the controller 160 can be, for example, via a display 190 and a
light pen 194. The light pen 194 detects light emitted by the monitor display 190 with a
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I s displayed, confirmng comuni cation between the user and the controller
160. 5 The conputer-readabl e program 189 nmay be stored in the nenory 193,

or it maywhepazt@nput er program product stored on the CD aicthitpaye16i sk
drive 188 or other appropriate drive, or stored on the hard drive 187. The
conput er readable program 189 generally conprises process control software
533 conprising program 10 code to operate the chanber 100 and its
conmponents, process nmonitoring software to nonitor the processes being
performed in the chanber 100, safety systens software, and other contro

sof tware, adighbsensgaifphe tipidf thesighaean 194 o selee auparticrias sstaep i inctiveabiabl e

program 189 d&yatgreto%héstéfaeé@naﬂ@& afERMf QNcedmadn thE TRIAiteF 1gcﬁésd:a;msﬁes the
pr ogr ami ng n | angua C++, Pascal,

u | e se
D O35 For ¢ ORI FEac A VB GE, Do I B Lo AT T 1o g
mul tipl e filiegisplagédEonfirging\cemiriupivation batveed iteotisenmad $ieotartoter @obodi ed i n
corrputer-L%sabI e nediumof the nenory 193. If the entered code text is in a
hi gh | evel” | anguage, the code is conpiled, and the resultant conpiler code
is then |inked wth anTlEh¢@uputenadatle preagramiisb eaky bebstared in treunemesy. 1930

te the | | | ect tyrcod
20 causi ng. ol TP § FORD L P B rSQUKE ot 0 BERIES skl BB loryode
identified iotharlagpropriaty diive, Pr gfared arthe Siagghdrivel 18t rTaeiopanpuites ceadgibleyr am of a
hi er ar chi Calg SR 89 g eﬂerréag dérn?'pn@és Ero%@@scw t@nmmaomﬁr@ﬁﬁ@a u

readabl e ram 189 accor present 1nvention
pen inter a@@deép @B%’?teéﬁﬁéhém eb?%@&'t%‘&mmn@haﬁ?ﬁﬁs ’HGW%‘PglsﬁﬂWaré to

process sel @ﬁdrﬁtbr%ngeéasé%em@ ;feﬁaﬁmmth@cmﬁw 100, wé@%pstems%bhw@ on
theCRTterma The 8 gess rrber a}' Etg Enc u1 amcodeto
set the tifl thegggnt(gl Rafs, @ﬁ °rgeé“§ UPHEES IN R iB%e ™ chanber
tenperatu ][ er?zijdalﬁlaamwgram 488 Inmy upttert in oy lcbm\mmtlommmmpuﬂeerqmiaaleur e
magnetic fie ener atiaon a YA rocess
The ot ocess PTG hBladl i adld) SiaBieo ieeriely Bhaedt G PN, 000200
to carry 16ufoeeciSuittleprogess eade Fientgredintss Slnpﬁrfmmtétlpéﬁ Heprusingss

condi tions, cLAMEhAGe ddiBHENd btBHddrefbodiedas ofPEBeR LS8 meihn of theW

rates, tenperature, pressure, @%as ener gl zer settl Suc

i cr owave 2me\mrmzﬁasifﬂaemtﬁ/r eqqeufeztlle in @B\ﬂ@ﬂeweél?@ggagqmmds F?@Pl&?d
gener ati on, gh&#e fsansit@onPAsr IIRSS tHeh, linREWwibh object code of precompiled library

routines. To execute the linked, compiled object code, the user invokes the object code,
20 causing the CPU 174 to read and execute the code to perform the tasks identified in the

I ght

program.

Figure 11 is an illustrative block diagram of a hierarchical control

Qstructure of a specific embodiment of a computer readable program 189 according to the

25 present invention. Using a light pen interface, a user enters a process set and chamber
number into a process selector program 530 in response to menus or screens displayed
on the CRT terminal. The process chamber program 533 includes program code to set
the timing, gas composition, gas flow rates, chamber pressure, chamber temperature,
RF power levels, support position, heater temperature, magnetic field generation and

30 other parameters of a particular process. The process sets are predetermined groups of
process parameters necessary to carry out specified processes. The process
parameters are process conditions, including without limitations, gas composition, gas
flow rates, temperature, pressure, gas energizer settings such as RF or microwave
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tenperature. The process sequencer program 531 conprises program code to
accept 5 a chanber type and set of process paraneters fromthe process

sel ect or wiaR@Med30 and to control its operation. The seguayetecdogram
531 initiates execution of the process set by passing the particul ar
process paraneters to a chanber manager program 532 that controls nmultiple
processing tasks in the process chanber 100. Typically, the process
chanber program 533 includes a substrate positioning program 10 534, a gas
fl ow control ram 535, a gas pressure control program 536, a gas

ener gi zer %@Fa&rﬁ‘ﬁ?:%ge'd SePRAE érearféarts&rtqaérprgssgf%mnewlr ol program
543, and a t@&@aﬁm;@ field generator program 544. Typically, the substrate
positioning program 534 conprises program code for controlling chanber
conponents that are used to load the substrate 10 onto the support 124 and
optionally, to lift thEheplbstssateubicdrpregrdesidiemnibisbepgigram rotidie sdupber

control i ngy § PR Ry S PP ATbatAmeBR TS PR BiecfbBalah 530
The processangke cooielitslopgratign aing 3squenser plogrann 83 bindtiated exseufwsodfthen of
the safety %}HEes%fsfeéb%B%é(;s"r‘ﬁgoth@’b‘gnﬁ&luﬁa‘?gliﬁge§ hré td Q%hgﬁrﬁerfrﬁPEH‘é T e

controllers '1070 tain the eS|re Iow rat
control progiasesREILBabrIntels %H'B@'ﬁa’rﬁ@%é@gﬁ%ﬁks@bﬂleerpqﬁslﬁg?hEmb?hé Qressure

in the chanbgy proraﬁp th/ pfoRBsd éﬁdnﬁlﬂer theyrameEaNgclsdesta Sibstaf ;Béhrt@hrrrgqara@flawe 60
in the exh i'em 110 of th %b% anber 100. The gwgenerg % cont rol
progr am 53% o?rﬁéﬁ QW OPERYRLReTE 81938 EFESHE ‘F‘a—ﬁtrg [REraRyeP.2 9l i ed to
t he prf)cess atleggttar@dasol p]:dgiamlEE’ anembaaﬂheﬁgrﬁrol k@ﬂem‘ﬁﬁ:ﬁtr?fxﬁb@b&{ M and a
contro s trol.lin res
T he chanSrorERR e osh B eSapPR A AR nd Slest il oot BRREL AN o
may set the coeppieeapdgesm oodd foowomtmllmg cm‘ambree coreponents thas Beeruseduo tbadrite heat
transfer gag b&raéﬁa'orntaiﬁ@shgﬁorpﬁ5&'9{1@6 &l 6 TR Helblshidtefo o FJHEREN

“he s

conponents, Tor exa anber upport
magnet i c 4 &%%é‘h‘éﬁ&hé@bww aTHGSOmC%%rQﬁ&O@éEOImf@@[EM prises peraraml | i ng

the magnetigqé r&lc@ngsrnﬁg' fHeQlowlBtes Jf@iﬁe?ér%@hﬁrt&&nt%ﬁthé *b?oéésé %QQt hof the
magnetic field 3 e_chanber 100. The data_ si recei ved by

a h
and/ or eval @é?%eas 4= CRRr cﬂ@FﬂQ’%’F‘ISéﬁs 09860 ﬁéhf OPRIVEIRSH PASHion ‘% é’&fi %?f?yaﬁﬁ‘t-‘b%t i on
host conput galvé$, JandTalsb faagdsQup/dawn therjasdowhasitroltdrs 167 6 2/0#8tbldbtain the desired

PCT/ US01/ 462g%(s) flow rate. The pressure control program 536 comprises program code for controlling
20 the pressure in the chamber 100 by regulating the opening size of the throttle valve 60 in
the exhaust system 110 of the chamber 100. The gas energizer control program 537

comprises program code for setting RF power levels applied to the process electrodes
115, 105 in the chamber 100. The temperature control system control comprises
program code for controlling temperatures in the chamber 106. For example, the

25 temperature control system control may set the temperatures or flow rates of the heat
transfer fluid and heat transfer gas to obtain desired predetermined temperatures of
chamber components, for example the chamber liners 104 or the support 124. The
magnetic field generator program 544 comprises program code for controlling the
magnetic field generator 292, for example to set the strength of the magnetic field

30 applied to the chamber 100.

The data signals received by and/or evaluated by the controiler 160 may
be sent to a factory automation host computer 191. The factory automation host
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conputer 191 may conprise a host software program 192 that eval uates data
from several systens, platfornms or chanbers 100, and for batches of
substr at egol@d/@1160ver an extended period of tinme, to identpdryuspiasiieti cal
process control paraneters of (i) the processes conducted on the
substrates 10, (ii) a property that may vary in a statistical 5

rel ati onship across a single substrate 10, or (iii) a property that may
vary in a statistical relationship across a batch of substrates 100. The
host software program 192 nay al so use the data for ongo in-situ
process evalGPAIRURS! Grmay compesecd Apstaftyar ed%f%?”bﬁ?ctéétsev%b@?%n@t%f@m A

sui t abl e hosde\gpf Eyaeds %l%rﬂ@&%ﬁ&hbé@ﬁoﬁ MSEEEMM spEtaRE a0 oPbPG AN
avail able froma orerte IB’@e @AE%EI ed Materials. e factor torratlon
f

host 10 compUtIdedPering ! ify %{a*é%‘P%'cPr???SBPBWQJé’af%?t ﬁcct (ibHesi gnal s
to, (i) rewmreceq@as tomuceard @ub@tsruatsmesl@of(rmpﬁobenpmmwa@ inecpigeeal for

| e, b d fall w.tr
SIS cud (BB A BSTRE el AECPOE oo Rata B0l P ot °
devi at es fr oplaionshipce@babb datchrmjeubgtratgs B0 Thedwss software pragrampa®Rincay also
chamber 100,01 { lyhia)oP gr#d‘bﬂgelwsﬂggf&egg@?%Eét%% oPFb?%eac&ﬁFo?BﬁEtH&Idfgé‘es%f an

15 unsui t abl'€ pro perty rocess paranete
factory aut (@ametsrs. h‘b§wtahberbmt@pftwa@ piegrasl wm&SGS'BWORK@TRMTM(ﬁOﬁWﬁFG

signal at thg, 91'Mhé‘lﬂe?f"orrﬁé‘r@ré?ﬁentnBﬁé’c‘PREélle’&Q\/I&EnéIQeTﬁéJpa%rtdr?’éa@toi‘r%txbﬂ host,

response to eval Uation o sof t war e gram
Exanpl es Th&oMmputasiieh naseminresr a%aﬁé%@rpa%dq Wétr\é‘ftpééﬂgf\?&féé rpovene

present i NWRRduR subQrRYEN0 frbhﬁth@bﬁﬁ:@@élng BaRRhES FondRanie, UsesLbstratet her

d f th f di
BT Tt ndropety b airaud R GE ABS WO aEwtn SERATC SR iemried Bias Sra bl es
provi ded hereifra prbtedshesametcanpliates f@nsamgteeptabiecrang@r (bcassprobensingrin a

di
corpr 1 51 b, SeteEiEh BRERE AT 8P st BoelEF ool Shode BRI H e o0
200 mm Ttee usatmsabieaprep@@y mb@epma@taje dA or hepceshparameters lipp daatory 2utoarationhe 30

support 1244 Jﬁﬁﬁﬁ con Qllssg)r@)(dé)ﬁ ?ﬁé’ﬁgxcﬂﬁ?élgﬁél%f‘ﬂeq{eg Hngigdortetﬁel&?h the

channel s 17 e support trate 10 was
al l oned to @qqﬂerswae &f the E’(L@Strﬁfé tOdRpRIPRNER © %@'Ltaﬁ@n ehtams’@ﬁa hyottre hesisafimeare
pressure inptdipamhi@gber 100 was set by regulating the opening size of the
throttle valve 60 in the exhaust 110. In the etching 26 WO 02/43116

PCT/ USO01/ 46210

20 Examples

The following examples demonstrate the effectiveness of the present
invention; however, the present invention may be used in other processes and for other
uses as would be apparent to those of ordinary skill in the art and the invention should

25 not be limited to the examples provided herein. In these examples, a single-wafer
process chamber, according to the present invention, was used to etch a substrate 10
comprising silicon dioxide on a silicon wafer having a diameter of about 200 mm.

The substrate 10 was placed on the substrate support 124 and the
30 support 124 was heated or cooled by passing heat transfer fluid though the channels
171 of the conductor 62 in the support 124. The substrate 10 was allowed to equilibrate
to the temperature of the chamber 100, and the pressure in the chamber 100 was set by
regulating the opening size of the throttle va~Ive 60 in the exhaust 110. In the etching

26



process, process gas conprising the equivalent of ~100 sccmof HBr, 18 sccm
of NF3 and 36 sccm of He02,. for a chanber volune of about 25 liters, was
i ntroduceg g pis@1fshe chanber 100. Thereafter, an RF volt ageveshrapabi ed to
the electrode 105 at a RF power level. The magnetic field generator 292
applied a magnetic field within the 5 chanber 100. The substrate 10 was
cool ed by helium heat transfer gas 107 introduced to the substrate
receiving surface 147 by heat transfer gas controllers 107i and 1070 at
different pressures. Exanples 1 to 10. These, exanpl es were conducted to
et et ne. | h8 CGFFoBIoGHS RES OMETg B aGIFE HbTa bIrgar ot e 1BECTRE! NEsang
el ect rode 1056 dtgm bgHe<D§ homcr@mmdﬁe/omutmﬁrabet ADliteBh wvas Ht@Iacdd hitheas

Tai nt ai ned af R0 ARGy 1 eRarear ar oldE Pl 0o LhRBlR e G
suppl i ed to ﬂ@N@rHevedhihbemagne@c; fielthge¥rapoReR apehasl a wmagnstit fiedd withittier 1800,

2600 or ?0 chi¥thie 106”0'1‘{2?? s%@%%%(ﬁw& gé%d;%y ﬂ&%nﬁﬁée’%ﬁ \é{?t%uﬁ]Q?Hb?%trognc?ed

heat transfer gas contr ers and

pressur es of to1tge swestrate fRsMNGORIfaRe 16661(@?@@@51‘5 erﬂés countallersal @i apd 19Fe at
substrate 10#e@nep@dsdetor 240 mnutes. 20 Figure 12 shows the change in
tenperature of the electrode 105 with increasing RF power applied to the
el ectrode 105. The rise in electrode tenperature was neasured to be 6.8EC
at an RF power |evel of 1800 Watts, S omépied 12680 Watts, and 13. 6EC at
3490 V\attﬁ. The el ectrode tenperature, and hence the substrate

t enperatu %, was determined to rise as a function of the RF power |evel.
The equation 25 descri bDheage éﬂainaalésmefeiamndwaed thedetermine thet effdoeofaRPppbwaon al

f [ f . el :

exanpl o8 derbiids Pate Eipery i AR RBLERS fos AErB o Re MRurle d, IAECE,
upon the RF syppert 12apvasdrpatest mf%tembmimwmQQE@owd thegregsiirani toe chdmeen 0t he
etchi ng rat %asam.ngélﬁéa LeSschth #aeﬁqsf’é%ﬁéregéegcmﬁg 8ds %ﬁb@&idﬁ\?«é@@u@ngaw ate

10. 30 Example ur es 1 hr ou enonsStrate fect

RF power [&vbBe cBambento; g RF @ower levelivas 9t Bies 18902000 84pa Natsy aWH?ch
t he feat ur esnaghaticeiert SFD GeiseRvaslappd. OPAARICraR6ibr Y2ddortNdf 107i and

1070 supplied helium gas at pressures of 16 and 20 mTorr on the backside of the
substrate 10. The substrate 10 was etched for 240 minutes.

20 Figure 12 shows the change in temperature of the electrode 105 with
increasing RF power applied to the electrode 105. The rise in electrode temperature
was measured to be 6.8EC at an RF power level of 1800 Watts, 8.5EC at 2600 Watts,
and 13.6EC at 3490 Watts. The electrode temperature, and hence the substrate
temperature, was determined to rise as a function of the RF power level. The equation

25 describing this function was determined to be a polynomial function of the RF power
level applied to the electrodes 105, 118. These examples demonstrate that the
substrate temperature is strongly dependent upon the RF power applied to the
electrodes 105, 118 and which affects the etching rates and profiles of the features 29
being etched in the substrate 10.

30 Examples 4-6

Figures 13a through 13c demonstrate the effect of the RF power level on
the profile of etched features 29 and the rate at which the features 29 are etched. Etch
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processes were perfornmed on a substrate 10 as descri bed above, with a
chanber pressure of 170 mlorr, nmagnetic field strength of 100 Gauss, an

el ect r odewigapgi@at ure of 90EC, and RF power |evels of 125@cTiddd4é0i6 1600
Watts. Figure 13a shows the trench widths and critical dinmensions obtained
for increasing RF power level. Increasing 5 the RF power |evel generally

i ncreased the average profile wdth and the average critical dinension of
the top portion of the etched feature. An average wi dth of 0.16q)m and an
opening size critical dinmension of 0.18 cmwas obtained at an RF power

| evel of 125ﬂocwetss~emb©ea‘asnahoraaemaegmtmwbhdamhb@pabbmmsﬂnZaeck@IiﬂHeircal
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1250 Watts tWaﬂté,waeaéashﬁmewetmdthums@enrr@%&é &itig@inBmahsivn 612G Wast

t t t whi | | |
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ot or 1 oo ibpbl el BB EYET o hel sl Bolal v ThE B HRBE BIRAGE 1Sl dicy

waf er terrpera ure
use i ncr easifiegn RﬁZmeémnlaéaaﬁ@ Waitsde €182sPvirainst 60@Wattisr éawetage aseecih
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RF power |eve tootaln ect_ratio eatures e 7-8
I n these exﬁﬁﬁ@@“‘i’ pf 3 waﬁrnrqmcee% cﬁﬂe?FeBOWﬁ%{?V%'Wﬂﬁ%W@ﬁﬁchQPéq

fst r tengt h is fﬁm RERIEH ratdd &in mtmegabtameaear .h@rea&h@uaf ﬁtg(vﬂar el 0}:7Lh4é3t ched
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for 28 29 isduein part to the dependence of the wafer temperature on the RF power level. ltis
desirable, therefore, to use increasing RF power levels in etch processes to increase the
etch rate. However, other process parameters must be optimized at the selected RF
power level to obtain the high aspect ratio features 29.

25 Example 7-8

In these examples, it was further discovered that the magnetic field
strength is a parameter which can be optimized to maintain a narrow etched feature
width at increasing RF power levels. Figures 14a through 14c illustrate the effect of

30 increasing the strength of the magnetic field in an etching process. Etching processes
were conducted with chamber pressures of 130, 135, or 140 mTorr, an RF power level
of 1250 Watts, a cathode temperature of 90EC and a magnetic field strength of 80 or
100 Gauss. Figure 14a shows the trench widths and critical dimensions obtained for
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WD 02/ 43116 PCT/ USO01/ 46210 increasing magnetic field strengths. The
average widths of the etched features 29 were found to decrease from an
aver age W@ ¢2/498f160. 18 cDm at 80 Gauss to an average w dt h pefr/ud1A&aPm at
100 Gauss. The critical dinensions of the etched features 29 were found to
decrease from an average critical dinension of 0.18cDmat 80 Gauss to an
average 5 critical dinension of 0.16cmat 100 Gauss. Figure 14b shows the
etch rates and aspect ratios obtained for increasing nagnetic field
strength. The average feature etching rate was.found to increase fromO0.67
cm min at 80nGgasisgtedeiafigibsirenginat Thoavarage widthsmefitee pished featurpn 2P eere
average et Cho[;a4 & NP RCTRIMANEEEBY Wit BE0 A8ISmiah8d RLSS RESH averadd Riddh of he
etched feature. The average asgect ratio a Gauss was neasured

v 21 ] at 80 at 10
33.0, wher eds 16R& 2VOP LR Sas pBe £riticy fignensions §f g RichatdeaivErssyi werefgumdto
32.7. Figur edeowa:st _esmwaf_ ?Tgh@'agé @ﬁtid’a&ﬁiﬁ%?@i‘cbd dselBam mi 80 aushoin@erdgy
i ncreasi ng_nmagnetjc fie engt e_ayer age,.sel ect i vi is seen to
i ncrease f?oﬁﬁ'i%.ddmﬁ?s'%oaaéémtag1@9.@'?”5?' @b‘fﬁg %%th .sthﬁg?‘%dgfeﬁgan FPGH
magnet i c fi elatlostbtaimgti fordadreasing mageetidfieldsteangtrat EBhertvdrage featuné aichinggaggood
etch profiles i a i - nar 1 ot bl ‘
desirabl e, t"ﬁ%sr @Fg‘?é? %? %%%%ﬁrgﬁ‘cfé%f%ﬂg‘ @%e%ogé,?%{sﬁg%p e%\e{)ﬁ]tr/ﬁEeatthP r?;a uss
processes atTHi$ lereasadmiiei avefageledchstateewgs hecontbanigdl lasa deargaspinthe agfdatct  of

| noreasi ng_ TRGH e chdrRhidehieiENyRPack! SRRl ARFSPAPCAS wElFiEBSeY a3t od by

conparing etc rocesses conducte magnetic strengths of_100 and
120 Gauss1@niB @rvirregrolie ave@ge aseect Tatiooat iR GaussiasdTeaerd i9raestf o Figyse
mai nt ai nedt a$14c]s7lgw'§‘;ﬂ9é éttcﬁ'f'ﬂeE BRd §él€§ﬁ\lit%§%tbﬁé§ﬁ€tﬁﬂt oatn'él‘ééslﬁ?%n _ tilafielagEC- ;rﬂe
average etch rate for e process .conducted a magnet i ield stren

of 150" Caus SHRAGTY IR ESHAE S8 Ser AR ROR O B4 SRee e £ 801 o
of ﬁ4.0. Th}gm @aﬁssesrgaé,wmhi@htrﬁ@rieﬂcfi@lﬂrs&?d@taicaalnioﬁeat%aheb{’da rateewldige
etch rate of 0.756 an ver a aspect ratig. i t ,g.magnetic
el ot rendPANBIAReed el BREE RBE rab&inied. il piep L RDIGHR' s

bel i eved 1% dusiraitie] thetefarh, taspedyct highi aspectrdtic femture etchirgwhcessds Athigh

regulating t i f protective sidewall species 30 during the
et chi ng proc@%%qe%gﬁlg@ sﬁ?ﬁﬁ%‘?é 30 al so shows that a high magnetic field

strength inproves the etching of high aspect ratio features. Exanples
11-18 29 Examples 9-10

20 The effect of increasing magnetic field strength on etch processes was
further tested by comparing etch processes conducted at magnetic field strengths of 100
and 120 Gauss and an RF power level of 1450 Watts. The chamber pressure was
maintained at 170 mTorr and the electrode temperature was set at 90EC. The average
etch rate for the process conducted at a magnetic field strength of 120 Gauss was found

25 to be 0.78 ®m/min with an average aspect ratio of 34.0. These values are substantially
more desirable than the average etch rate of 0.756 and average aspect ratio of 33.5
obtained at a magnetic field strength of 100 Gauss. The higher magnetic field strength
is believed to maintain high aspect ratios and smaller trench widths by regulating the
deposition of protective sidewall species 30 during the etching process. This example

30 also shows that a high magnetic field strength improves the etching of high aspect ratio
features.

Examples 11-18
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WO 02/ 43116 PCT/ US01/ 46210 |In these conparative exanples, etch processes

t hat use higher RF powers were conpared to etch processes that use | ower RF
powers. TH® @is8hisng rate obtained for each process as weldctassoihe10
geonetries of the etched features are given in Table 1 below. 5 Table 1
Exanple 11 12 13 14 15 16 17 18 Process 900 900 W900 W 1800 1800 1800
1800 2600 Paramet W 100 G 100 G WW 100 WWW ers 100 G 100 G G 100 G 100
G 100 G Etch 0.45 0.31 WA 1.0 0.8 0 8 0 9 1.09 Rate (pmmin) Aspect 37
36 VA 47 57 53 33 37 tio enl 0.14 10 0. 17

0.205 Size (pm) Dept i §SES BOHP ﬁ? 2 %%%Chaor?cﬁe?%’l?tuf%WR%Rﬁxanpl es
11-13, etch ;pnsvmremcwep&reddmdwht;ﬂdcestseafmaREsqnlomr RF@o@lers. 1IThenétciBg riat t s

whil e the el J ' [ t he chanber
pressur o wasSHanag fnaa BOGE RsEs e bEBRTE e Sl Rt s Rl o
14 Torr on Baleippetow.124 conprising only a single heat transfer gas zone
99, and thg magnetic field was maintained at a high level of 100 Gauss. 15
I n Exanpl es 14-16, etch processes were conducted at an RF power |evel of
1800 Watts while the el ectrode was nai ntEabied at 90EC, the chamber pressure
was i nt ai fe@me 290 nTor®2 t hel®el i umi4 nner 18nd ouf®r outl%t préSsures

were maintaifed at 14 and 20 Torr, respectlvelé and the magnetic field
was mai nt ai nedoeRsSa tﬂO@h | E8IWof 90010 98 00 1800 1800 2600

Paramet 100G 100G W w100 W w W
ers 1OOG 100G G 100G 100G 100G
Etch 0.45 0.31 N/A 1.0 0.8 0.8 0.9 1.09
Rate

(Mm/min)

Aspect 37 36 N/A 47 57 53 33 37
Ratio

Opening 0.175 0.14 0.10 0.17 0.14 0.1 0.22 0.205
-Size

(Hm)

Depth 6.5 5.0 N/A 8.0 8.03 5.3 7.25 7.4
(Hm)

In Examples 11-13, etch processes were conducted at an RF power level
10 of 900 Watts while the electrode was maintained at a temperature of 90EC, the chamber
pressure was maintained at 200 mTorr, the helium pressure was maintained at 14 Torr
on a support 124 comprising only a single heat transfer gas zone 99, and the magnetic
field was maintained at a high level of 100 Gauss.

15 In Examples 14-16, etch processes were conducted at an RF power level
of 1800 Watts while the electrode was maintained at 90EC, the chamber pressure was
maintained at 230 mTorr, the helium inner and outer outlet pressures were maintained at
14 and 20 Torr, respectively, and the magnetic field was maintained at a high level of
100 Gauss.

20
in Example 17, an etch process was conducted at an RF power level of

1800 Watts while the electrode was maintained at 90EC, the chamber pressure was
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In Exanple 17, an etch process was conducted at an RF power |evel of 1800
Watts while the el ectrode was mai ntained at 90EC, the chanber pressure was
30 WO 02/ wdloba3BeT/ USO1/ 46210 nmi ntai ned at 200-230 mlor rpctitdiA€dip um
inner and outer outlet pressures were nmaintained at 6 to 14 and 15 to 20
Torr, respectively, and the magnetic field was maintained at a high | evel
of 100 Gauss. 5 In Exanple 18, an etch process was conducted at an RF power
| evel of 2600 Watts while the el ectrode was mai ntained at 70EC, the
chanmber pressure was nmaintained at 230 mforr, the heliuminner and outer
out | et pressoegyained et ABG-ABGMTed, tie heliomtionet @ndodtez @ ulerpressuespeetsi vel y,
and the nmagn t

These exanpl gia'”gla"l@\%v@t% ﬁs‘{@%ﬁﬁa 9?2%2&;28@ rte &Ingg’g TE{YQe% %ﬂg%ggvﬁra lw"éﬂ%evel S

yi el d etched”’@éﬁ@'ﬂ?‘é§tﬁéiﬁhri@Vqllpbl*pQ@E&Et ratios vvlth faster aver age et ching
rates -than etch processes that use |ower RF power levels. 15 Prospective
Exanple The followng is rospective exanple to denonstrate an exeg‘PI ary

process according to tHbEﬁ?rBE@r?tB F’P\@@Htﬁr‘eﬁ?sﬁfﬁ"aﬁﬁewlﬁe%?w BF Powenteay %fnd

with good et 2400 Waﬁfslvdrﬁsihé elettmc&wa@amplhcamédmmEchtrwmaaﬁrpseschredugé ed at
an el ectrode te as zo

in
hel i um pr essﬂ'lag‘ “aiﬁgﬁ’o'?‘&‘"énfg 26““1‘8 fper P%%B%@f P %VeséHreﬁli”%S\%?'mlaE\?Qlatof
3500 Wafts aﬁ@tcm&ra:gh@@ iTorrf respectvelyeanyt the ohagh@lic fi€ldwes. mAihinzedoatedsigly &svel
conposi tion ahagdg JAressures are the sane as provided herein. Using these
optim zed paranmeters, it is anticipated that an etching rate of at |east
about 1.3"Dmnin with a good etch profile can be achieved. This represents

a 25 substantial i nCr eafEsOYRINIEERAPRL & @ﬁ&@ﬁ&ﬁ&ﬁﬁ&ﬁ&%ﬁ@ﬁér an RF

power level of 1800 Watts and a magnhetic field stren uss
Thus, high E¥§fs yigtdetchedifegdtes h%‘t'@fhh'ﬁh GFPeQ £at &Séfvwﬁétéf average piehipstraiesed
by i ncreasi ngat behffrofsnses tHevied lowdp ealdielsS0 and process according to
the present invention provides 30 good etching of high aspect ratio
features 29 on a substrate 10, with good etching profiles, and consistent
etching rafes. The apparatus 50 is Pappéiteedxampid yi ng a high RF power

| evel while providing a high strength magnetic field and good tenperature

The following is a prospective example to demonstrate an exemplary
process according to the present invention to provide high etch rates and with good etch
profiles. [n this example, the etch process is conducted at an electrode temperature of

20 50 to 60 EC, inner and outer gas zone helium pressures of 16 Torr and 20 Torr,
respectively, an RF power level of 3500 Watts and a magnetic field strength of 100
Gauss. The process gas composition and gas pressures are the same as provided
herein. Using these optimized parameters, it is anticipated that an etching rate of at
least about 1.3 ®m/min with a good etch profile can be achieved. This represents a

25 substantial increase over the baseline etch process conducted at an RF power level of
1800 Watts and a magnetic field strength of 100 Gauss. Thus, high etch rates and good
etch profiles are expected to be obtained by increasing the RF power level.

An apparatus 50 and process according to the present invention provides
30 good etching of high aspect ratio features 29 on a substrate 10, with good etching
profiles, and consistent etching rates. The apparatus 50 is capable of applying a high
RF power level while providing a high strength magnetic field and good temperature
control. Processing the substrate 10 at a hiQh RF power level and in a strong magnetic
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control. Processing the substrate 10 at a high RF power level and in a
strong magnetic 31 WO 02/43116 PCT/ USO01/ 46210 field, while maintaining the
subst r at ewato2azpigedef i ned tenperature, allows etching of hahgsoagapast ratio
features at good etching rates. Unexpectedly, it was discovered that a high
RF power | evel provides good etching rates for the high aspect ratio ‘
features and a high magnetic field strength maintains the small critical
di mensi ons and opening sizes of the 5 high aspect ratio features.

Furthernore, maintaining the substrate 10 at a predefined range
t enper at ur esﬂeldpwfmlﬁe@ammnlsmn@esmtr@tﬁ@t atrcedaiine@ tampesatpren fjlovess eteing @f high

reducing t hesslepasilibAlrd ot @04 BRAINGA8(edl LrRRS Y, A slovb i FRAIRRF

100 has been_ _discovered to allow for the etching I gh aspect ratio

feature at gBEPOMEEIRVRLPTOKHES J09d etching galgh for t*ﬁ%@gﬁﬁémﬁ%@até’pfﬁﬁtﬁ‘&wdﬁﬁlgh

process accom@dghétid field B@erﬁ%l@&%ﬂitalhﬂmmﬂrbntlba di:ﬁemmtdre wenﬁntgcdne@gafmegh
aspect ratio fﬁatur s_at rate and

openi ng si 2eNgHFBEGEBY fﬁ?&'rr‘?ghﬁﬂ#hefrﬁ W@HE%J“‘P%Q?%?”Z’E rra]é[g? %P?S‘He%%‘% ary

enbodi ment s @hgt hempeaseeas inipreesst the shapeofthe elchad tbatude peafildse A isd, hedesiraf
or i nary K1 e ieBobiin B raBBe AEULS Bn e ArRal BN BT, Roh noor Por at e

t he present are al'so"w € scope 0 e present
i nventi on. Fdiscaesathlogglionddr the @teklingofaigh aspest rapie featuragt eoodjeﬁchegeates péeer

evel s Y. be rediRofle Wil bngliil tha GO dfiing BPfhe RreddhnbEARATE

@égener at or al ternative
magnet i c é@ma@@le&y‘ eéemg Bigh aseeqt it eé’ﬂ‘“&ﬁ@iﬁd‘é@'}/e@kwp and ywhilg enaiptaining a

Furt her mor e, schhiPodeHintsibe bRdVa BB pRofidettheBichb@ReatitBs. down, first and
second 20 and other rtelative or positional terns are shovvn with respect to

t he exenpl ary enbodi nents in the figures and are interchangeabl e.
Therefore, the appendeAItmL@hr&en@W Ehbodiindnes dfitihe predehtdnidmdont] @gCcsHawn Hais

f th f d v bed
herein Lo i 1945peq Rt ondBam skl s S5 BE i e PRt APBRIRRIE AT et i
clained is5 umcorponsattmﬂtermesermrweem [agd gdnininare atsorwithirsthagcopre ofdbe prgsphly t o
provide a gf%ﬁ%erﬂloﬁh%o?:g%mﬁle aoL;H(tdnﬁﬁele&%é%ggﬁqnghg&lﬁ RAES0 déﬁ%ve@%apﬁe

el ectricall e ectro
adapted to we@wﬂ*@ggm\@aw@ fg)np)tmescope of the present invention. Also, the magnetlc field

generator may include alternative magnetic sources as apparent to those of ordinary skill
in the art. Furthermore, the terms below, above, bottom, top, up, down, first and second
20 and other relative or positional terms are shown with respect to the exemplary
embodiments in the figures and are interchangeable. Therefore, the appended claims
should not be limited to the descriptions of the preferred versions, materials, or spatial
"arrangements described herein to illustrate the invention.
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density of at |east about 10 watts/cn2, and the second el ectrode conpri sing
a receiving surface to receive a substrate; and an exhaust to exhaust the
gas. 10 ®o @A/gh@nber according to claim 1 wherein the segegndywhgehsode is
adapted to be chargeable to a power equivalent to a power of at |east
about 3200 watts for a substrate having a dianeter of about 200 nm 15 3.
A chanber according to claim1l conprising a nagnetic field generator
adapted to provide a nmagnetic field of at |east about 100 Gauss in the
chanber. 4. YEhademeascsgording to claim3 wherein the magnetic field
generator conprrses an el ectromagnet having a jacket to circulate a heat
transfer fluid therein. 20 5. A chanber according to claim1 conprising a
control ler adrapted to ActHibstate Aregessing ShamRer CWMRIRN%el ect r odes, magnet i c
field generator and tenper atuae sappily t®@provRigs §48 totthe siedmipgrocess condi ti ons
to etch substrate features haying an aspect ratio of at abo 30. 25
6.. A charrger according to @fszﬁﬂggge%o(gﬁpeﬁ?cgrioﬁas Q‘%WP&‘?’%?”?@&BF&B %Cb set
process condénergias thengag, dire sadost eicrofiebeing adapiat itmbe ahargpatie tga power of

| ess than abg Sltég &ﬁe?ﬁ a%%iﬁd]kﬁgtttgcﬂf a% tﬁ@@@éonaté?é&roge %{?ﬂ% 199%2 reébélvmg

chanmber accor rising nperature

adapted to csmtacgltor@@p@raawhs&gta, and he chanber 33 WO 02/ 43116

PCT/ USQOL/ 46210 8. A chanberaﬁggpédyt t g conprising a tenperature
control system adapted to nmintal n e su te at tenperatures bel ow

about 240f€ or at tenperatures that vary by | ess than about SEC. 5 9. A

chanber accopding to cA&ihmnBem@fommg t@aitreTRAERINHR seebid Blectfottis Btapted
COI’TpI’ISGS (0] or ,.nore

P ey o6 s pedrgenly foctpond satbRhlio POSS dfl Etuﬁr%uﬁgﬁwaﬂgﬁora

di fferent prasstraehading andiapetsesabag 200 nam. substr at e;

15 3. A chamber according to claim 1 comprising a magnetic field generator
adapted to provide a magnetic field of at least about 100 Gauss in the chamber.

4. A chamber according to claim 3 wherein the magnetic field generator
comprises an electromagnet having a jacket to circulate a heat transfer fluid therein.

20
5. A chamber according to claim 1 comprising a controller adapted to control
the first and second electrodes, magnetic field generator and temperature control
system, to set process conditions to etch substrate features having an aspect ratio of at
least about 30.

25
6. A chamber according to claim 5 comprising a controller adapted to set
process conditions to etch substrate features having an opening size of less than about
0.14 ®m or a depth of at least about 8 dm.

30 7. A chamber according to claim 1 comprising a temperature control system
adapted to control temperatures in the chamber.
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10 (b) a conductor below the second el ectrode, the conductor conprising
channels to circulate a heat transfer fluid therein; (c) a liner conprising
a snoot h gwdage (d) a chanber wall having passages to cipquisaifeéRaoheat
transfer fluid therein or a heater adapted to heat a chanber wall. 15 10. A
chanber according to claim9 wherein the tenperature control system
conprises conduits in a base bel ow the conductor to circul ate a heat
transfer fluid therein. 20 11. A chanber according to claim1l wherein the
first and second el ectrodes are spaced apart a distance of fromabout 1 cm
to about 5 cB 12. A chahipebengerdingtp claintt apmprisingvadesperatune copRiso! sugtpiny
Copr i ses_ gasdarht lofhsinidh PR%BStrab &t RnsdrirRSeikP addl 2AoBbaylaer accor ding

to claim1 wherein the second el ectrode conpri ses dielectric covering a
conduct or, tiERGTEVEEthatvapopiess thag a@opggn&, vity of fromabout 1 x 109
to about 1 x 1013 ohms-cm 30 14. A chanber according to claim13 wherei n
the dielectric conpris resi sti.vi 10 to about

0
1012 ohme Br- 34 WD 021 FERTECERSGROS JHUB T MRS N BriaRBERILE CoPER Ry e
cl ai m 13 whecamprisebendioehmes of:c conpri ses a thickness of from about 0.02

to about 2 16. A substrat :

providing a bstrate in a grng raggg c%éwr% {%a@?ﬁltagﬂg% aﬂgof O"{e%ﬁ?ﬁvhﬂ‘ﬁ'e
process zondjea bpngfaegas mayge nmaintgmediay défpmnypregswbedunm@atocemgwf a0 an

el ectrode bel gy Lfae substrate at a power denS|ty of at |east about 10
watts/cn®; an % ) exhausting the gt@‘s 10 17. A nethod according to claim
16 ‘conpri 39 ) appl yi ng a negserquctyribaiey thersegend elgstrodsn Bie condoctanerBpiising he

Process zoNehahfelsfdo BRIINRE ae@@irdhdi8r Auld fHefdif 16 conpri sing maintaining the
substrate

(c) a liner comprising a smooth surface;
(dj a chamber wall having passages to circulate a heat
transfer fluid therein or a heater adapted to heat a chamber wall.

18
10. A chamber according to claim 9 wherein the temperature control system
comprises conduits in a base below the conductor to circulate a heat transfer fluid
therein.

20 11. A chamber according to claim 1 wherein the first and second electrodes
are spaced apart a distance of from about 1 cm to about 5 cm.
12. A chamber according to claim 11 wherein the gas supply comprises gas
outlets in one of the electrodes.

25
13. A chamber according to claim 1 wherein the second electrode comprises
a dielectric covering a conductor, the dielectric comprising a resistivity of from about 1 x
10° to about 1 x 10" ohms-cm.

30 14. A chamber according to claim 13 wherein the dielectric comprises a

resistivity of from about 1 x 10'° to about 1 x 10" ohms-cm.
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at tenperatures |ess than about 240EC or at tenperatures that vary by |ess
than about 15 SEC. 19. A nethod according to claim 16 conprising setting

process ceidii30gS conprising energi zi ng the gas, naint aipgmgsodv4emgnetic
field, and controlling the substrate tenperature, to etch substrate
features having an aspect ratio of at |east about 20 30 and an opening size
of |l ess than about 0.14 cam 20. A substrate etching chanber conprising: a
substrate support; a gas supply to provide a gas to the chanber and an
exhaust to 25 exhaust the gas in the chanber; a gas energi zer conprising
first and set®nd el ect Acthesnbiehatcamdipg tdhedaiel €& whersdd the didlasted ceroprsearayi ze

t he gas, theth?&ﬁ@é'@oﬁhgxﬁtag&ﬂ%.é};eﬂo%oﬂg?ﬂ'g%d to be chargeable to a power

equi valent to a power t |l east abou 00 watts for a substrate having
a dianeter of about 200 mm 30 a magnetic field generator adapted to

provide a nmaggetic fiehd@ktratdlord@asihg ARMEd ddtthrieigss in the chanber; and a
tenperature control system adapted to control the tenperatures of the

substrate and chanber surfal¥s. BEPVANDDFURSIFRLS IPEIPIOCESS/ 205210 21. A chanber

according to claim20 whereid) t hatdadeieg ayakirtd thegprocstidnel s adapted to
provi de a magnetic field of zslt | east . abC{Ht 128 Gau]ss in érhe chanber. 5 22.
A chanber according to clai 20 GRYPENS PRA? BHABPYNGEelEA PHra%iktem is
adapt ed t o nalecttarierbddve treuhibsirateat atpovenpensitly wf aslebst abouabdwatt240EGRAr at

tenperatures that vary |ess,}han %Qﬁ : ..23. A chanber according to
claim 20 conprising a contrg{)l er 10 g%?ﬁgirﬁcg)lgaghe or 10 nore of the first

and second0el%ectrodes, tHemethpderccerdingdp ¢laypiércanprisingrapptying a magpeticateln e
control systgm:iRsbsho ﬁgg%@sgmgg}mgs ton£tch substrate features having
3

an aspect ratio of at l‘Peast about and an openi ng size of |ess than about

0.14 (Dm 24. A chanber according to claim 20 wherein the tenperature
control systgn 15 conprisggthadldcBemdingadmR =i i18%Eompsisipg ikaistdirdtBe sdbstrate

charber accoa{t(génqgerg&rgsl %‘sg]thza% a\g{éﬁ{ ﬂdﬁé Qreatﬁeergggrgtuertl-:‘se t%ta{ \(/)e(ljre by less than about
15 5EC. |

19. A method according to claim 16 comprising setting process conditions

comprising energizing the gas, maintaining a magnetic field, and controlling the

substrate temperature, to etch substrate features having an aspect ratioc of at least about
20 30 and an opening size of less than about 0.14 ®m.

20. A substrate etching chamber comprising:
a substrate support;
a gas supply to provide a gas to the chamber and an exhaust to
25 exhaust the gas in the chamber;

a gas energizer comprising first and second electrodes that may
be electrically biased to energize the gas, the second electrode being adapted to be
chargeable to a power equivalent to a power of at least about 3200 watts for a substrate
having a diameter of about 200 mm;

30 a magnetic field generator adapted to provide a magnetic field of
at least about 100 Gauss in the chamber; and

a temperature control system adapted to control the temperatures
of the substrate and chamber surfaces.
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conprises a dielectric covering a conductor, the dielectric conprising a
resistivity of from about 1 x 109 to about | x 1013 ohns-cm 20 26. A
substr at ewgt @iz@ et hod conprising: (a) providing a substp@Et®soideA0 Pr ocess
zone of a chanber; (b) introducing a gas into the process zone; (c)

energi zing the gas by coupling electrical energy to the gas 25 at a power
equi valent to a power of at |east about 3200 watts for a substrate having a
di anet er of about 200 mm (d) applying a magnetic field of at |east about
100 Gauss in the chanber; (e) controlling the tenperatures of the
substrate and chanber 30 surfaces; and (f) exhausting the gas. 27. A

lfTEt h?d gcc;)r;du ng to C|,&lcmta:ﬁ5e;€z§>d&qu$g fégslaﬁﬁupiQ/WIﬁ‘%em tH& héﬁshoffél@ élnlégfatzogﬁs A
east abou uss i.n the c
et nod accordiPALE FEPUTE? SPCRAG B of Adegmabed Chdsayss Ty HEMERGi ng ~an
el ectrode covered with a dielectric having a resistivity of fromabout 1 Xx
109 to abo t X 1013 Ial
conpri si ng i nt ai ni nd&?ﬁ%%ggf%%cprcﬁiq tgﬁlgrﬁejﬁ‘g\g'?egg 9@9 %eé%ua %ontrpogw
at tenper at us edagtecito mainyaibyhd adstratest teperatuBEthelo@about 2GBEtarat e

ti f I b 30 and
conpri sing %’?‘EE%ft&tgeEig‘?ﬁq tﬂgnﬁgo@% rati o of at east about 30 an

an open| ng slz out 10 31. A substrate according
to claim30 conprising etched features having an aspect ratio of at |east

about 45. 323 A subst r@EﬁarﬁE&‘H&b%% dI‘eln%'Z@ o%%;ﬁi@i?ﬁ@rd SrglI& s bestrdl @Rk Wres
having 15 an opening size of | ess than ab % %
10 more of the first and second electrodes, the magnetlc |e|d genera or, and the
temperature control system to set process conditions to etch substrate features having

an aspect ratio of at least about 30 and an opening size of less than about 0.14 ®m.

24, A chamber according to claim 20 wherein the temperature control system
15 comprises a liner comprising a smooth surface.

25, A chamber according to claim 20 wherein the second electrode
comprises a dielectric covering a conductor, the dielectric comprising a resistivity of from
about 1 x 10° to about 1 x 10" ohms-cm.

20
26. A substrate etching method comprising:
(@ providing a substrate in a process zone of a chamber;
(b) introducing a gas into the process zone;
(c) energizing the gas by coupling electrical energy to the gas

25 at a power equivalent to a power of at least about 3200 watts for a substrate having a
diameter of about 200 mm;
(d) applying a magnetic field of at least about 100 Gauss in
the chamber;
(e) controlling the temperatures of the substrate and chamber
30 surfaces; and
0] exhausting the gas.
27. . A method according to claim 27 comprising applying a magnetic field of at
least about 120 Gauss in the chamber. .
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28. A method according to claim 27 wherein the gas is energized by charging
an electrode covered with a dielectric having a resistivity of from about 1 x 10° to about 1

x 10" ohms-cm.

29. A method according to claim 27 comprising maintaining the substrate at
temperatures below about 240EC or at temperatures that vary by less than about 5EC.

30. A substrate comprising etched features having an aspect ratio of at
least about 30 and an opening size of less than about 0.14 &m.

31. A substrate according to claim 30 comprising etched features having
an aspect ratio of at least about 45.

32. A substrate according to claim 30 comprising etched features having
an opening size of less than about 0.10 ®m.
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