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, MODULATI ON OF RF PONERS OF VARI QUS FREQUENCI ES BACKGROUND COF T
INVENTION_5 1. Field of the Invention The invention felates to a nethod
for etchi NHORAEYIIE3  such as high aspect ratio featurespCimszooan2sibeh
| ayer. 2. Description of the related art The present invention relates to
the formati on_of sem conductor devices. 10 It is known to apply plasna

excitation fi BUGH ASPELST RATID) ERCH USING MODUIA TIONQFREF POWBRS uum
chanber for plasnma processin ' | he region is coupled
to a gas that the fields con\%ﬁwhsmmg:mé pl asma. The wor kpi ece
Is wusually a sem conductor wafer, or dielectric plate and the plasm is

involved in formng integrated circuit features on the workpiece.
Typically, the plasma exci BaAGCKIROUNDJSDERTHE INVENTWONII f f erent frequenci es

.are suppkied to the #&egi y a pair of spad el ectrodes in the chanber
or one e#ectrode :P'n I’flglgogﬁé%?mg%d a reactance, in the form of a coil,

| ocat ed out si de t iTRe EvefilieH relalbitoR RS R A3HTRe F4R] r he
wor kpi ece, but in some i nstancesor esults c|ﬁ‘In m?%ri afgﬁ%‘!g%ﬁn%%_%%%%é?gﬁh&
the wor kpi efeatures, gtio ar elghdayey. RF power (having a frequency in excess of
approxi mately 20 Oé\(/Hz. typically controls the density of the plasm, '
i.e., the plasm #’I ?scﬁﬂqqlrgoéger%ﬁwgﬁﬁhavi ng a low to nmedium frequency (in

the range of 100 ¥hipieSerdRVeRKbATIREY 1o ti.QfA\%Lﬁhm&ﬁikcha&?al@s t he

energy of ions in the plasma and incident on the workpiece. e size of
the feal@res contltitiewvintodppleplsena exvitatiom fields at tvenditibreh flequeticieymnat S f or

preci se cont of-.various, parameters of the, plas processing a .

wor kpi ece. Arﬁgir?aftf a g 8@#&5"63? 02 BrOcessis 4 Wgﬁﬁ@ﬁ Whergh\ the segign és t he
| asma  chenrdowbled t6 b o8s that 1HeGFel aYall ' i : . pl asma

1I‘OI ux and the ign eneriggi/ of ﬁeﬁ?@gﬁﬁtﬁﬁﬁﬁﬁﬁhﬂ%ﬁ%ﬂﬁﬂ aé%.&%tli t he
shrinki ng f disuiaiea semicenduetoriwafer br dickestrivepleteiaall she plasmbis ineslivedin|
integrated i rcuits L ndows. i.nvol ved .in processjng. the 30 workpiece are
decr easi ng &ﬂf'é]ngé?feﬁq@%ﬂgﬁ?%e? fB the ‘ﬁ&ikgfeﬁﬁ- E&Ws&eﬁmﬁ gxfitatiopl asma

processis s, fds dteht fFd diflereRe REGRISick afe s%gﬁéd\ﬂy th% gfgllg.gﬁ% g bﬁg gf[gga%ar e

sizes and requirenents for new materials'Timt t
reactor, i.&lectrpdesinnthe phasahes of ane clhetrdsterin thieochadibicf endateaetanbe, 4 Mid foahi ONS.

of a coil, located outside the chamber. The excited plasma typically dry etches the
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workpiece, but in some instances results in materials being deposited on the
workpiece. High frequency RF power (having a frequency in excess of approximately
/ 20 10 MH?z) typically controls the density of the plasma, i.e., the plasma flux, while RF
power having a low to medium frequency (in the range of 100 kHz to approximately
: : ) 10 MHz) typically controls the energy of ions in the plasma and incident on the
workpiece. _
As the size of the features continues to decrease, there are increased
25  requirements for precise control of various parameters of the plasma processing a
workpiece. Amongst the plasma parameters requiring precise control are the plasma
chemistry (i.e., types of ionic and radical species), the plasma flux and the jon energy
of the plasma incident on the substrate. With the shrinking feature sizes and use of
new materials in fabrication of integrated circuits, windows involved in processing the
30 workpif:ce are decreasing in size, while pushing the limits on presently available
plasma i)rocessors, particularly processors for etching. The shrinking feature sizes
and requirements for new materials limit the use of the same reactor, i.e., vacuum

processing chamber, for different etch applications.
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openi ngs have a high opening depth to opening dianeter.ratio. A mask, such
as a pho%g@hﬁhﬂysk or a hard mask, is used to provi depcafuRpAn5@s
pattern. '1Tn"the specification and clains, a high aspect ratio feature is
defined as a feature with a depth to dianeter ratio greater than 10:1. 5 As

(he int Ced cicw ! . - ] b . |
e integrate Cﬁ%‘ﬁ%’t’%ﬁ%@ﬁ Savé A@igH penitep depth itd epadig r o

along with the etcC ect ratio contact -hole etching becones
very chal | emisnnger matioblAcmasly su¢tease photoresist maskrora hardimesk, issgedfe pfiqvidsy and

Botiom D Bl SHALS: n 82 BaSRanSS IR, Shed MoSOBMPIANE
flux, i on enepay s Shahy Wi &t Jo Baiof Bl @bl fhaRTePEr L o5 ( dopi ng

| evel of th ectric material, tenperature of the substrate etc.).

rﬁmeyer st for t hte A?tmfmgmfmﬁun{m?eﬁowhmk? tbt@ﬂ}saaxﬁ_rrzrﬁﬁlq(mgtowppg(

eionto neutral ratio, the total, flu .)..as_the high aspegt ratio

contact et chviythseldy ster g%]f“gﬂ fefest Eaé’lﬁ'é?é’E‘%(a&%@ﬁéF’%&chPﬁeg ey eﬁ%‘Béct
ot i a7 .

ratio of t %rﬁ]ﬂh'?%nltdﬂfg&&?é Sfht TAL v%t?t?fllsfeétﬁlﬁg gﬂoiﬂﬁﬂ beiteih DY Prdfile bagle!

profile etc.t TI etching con ons 0 be tailored to 1 t he
etch depth apeingand nedkingof ihecontay/ivii inde dependmpon piasaraprop@tionfRy. OF THE
| NVENTI ON To achi eve .t he ,foregoin nd.in acco&.da ce Wi @tk}g@u&%ose of

the present PlasmAGhemysiry. 0neRSRirRliuXe 101 FRe5EY, ‘ﬁ'frﬁw 98 584 M at ur e

t hr oug | : : Eﬂﬁ% VAL &k | abaeaAvead. The
substrrz;{[j;,l %ég@%ﬁ(&#]@é’%&&%@%@%ﬁ&a g’r, Wr%?léﬁ IS éagfgwtsgb rovi dg RF
power at a fHéwévek fofitiRvahe sabstexte propertieg) tho plasmaiproperdns vatydrihe foa thi r st

frequency, and a third frequency different than the fiyst and second
frequency. meutplaatipg thgjetal Quxei)iag e i WWB&QQ%L%W.WW’?%%T etch™ |

step is pro%‘g@s@@%&&%ﬂﬁa{% the ﬁoid?g%tdhtﬂeéc inkflasROMaY ich@Ms! . the

second fre CY I's a second powe evel, the third frequency is at
a third powasitheestch sto?!i)r\tsﬁm eraile eaThus, the etthinp eonditions hasdorhe talleredi@at er

than zero, where the first etch etches ,a feature in the layer to be etched
to a filk%t dbﬁ?ﬁh@@e%@ﬁ%@f@?@ﬁ@d’fpydmmwe the the first

frequency is at a fourth povghmiXRy oF8S iogguency is at a fifth

power level, and the third fr@qn’gnty—rﬂrm—a ST X power |evel, wherein at

| east one of theTd acieve thedoreizoing apdeaccordange withdhe phrpose of theqmesenhe

fifth power is greater than 30 zero,, and where a condition is _selected from
BRI 615

the group ofinvension; 3 setinslor eWB’fngtfe]PlﬁB aspsgtptio featng e
third pover. aqt belAYvEA dlbstiteilfroviddd! TRWabstratd' & flaced in a process
20  chamber, which is able to provide RF power at a first frequency, a second frequency
different than the first frequency, and a third frequency different than the first and

second frequency. An etchant gas is provided to the process chamber. A first etch
step is provided, where the first frequency is at a first power level, the second
frequency is at a second power level, and the third frequency is at a third power level,

25  where at least two of the three powers are greater than zero, where the first etch etches
a feature in the layer to be etched to a first depth. A second etch step is provided,
where the first frequency is at a fourth power level, the second frequency is at a fifth
power level, and the third frequency is at a sixth power level, wherein at least one of
the fourth and sixth powers is greater than zero and the fifth power is greater than

30  zero, and where a condition is selected from the group of the first power not being
equal 1o the fourth power or the third power not being equal to the sixth power, where
the second etch etches the feature in the layer to be etched to a second depth greater
than the first depth. N
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t'he second etch etches the feature in the layer to be etched tozgssigggngm?
depth greater than the first depth. 2 8 FEB 2007 WO 2005/ 022623% LB LM

" PCTI US2004/ 025406 | n anether manifestation of the invention, an apparatus

for etchi WOaods@aiaase in an etch layer through a mask ovegrassipbd@ie 1S
provi ded. A plasnma processing chanber conprises a chanber wall formng a
pl asma processi ng_chanber enclosure, a substrate support for supporting a
substrate within %@%ﬁ@mlﬁqs@éi@sﬂfﬂyiummaﬁammhwswﬁtclﬁngﬁmxﬁﬁn

regul ator for,_r ' he pressure n the plas processi ng chanber
encl osur e, atmleg;gg%ﬁ%#ggﬂ%f:&ﬁggv?%s F‘F\‘}?éﬁlﬁﬁ A PISIoR prosessing:
processi ng cohsdisr cORPIiosd Ehdner SEH BHH; PHIR lLWhl.et .for
providing gas into ?ﬁe pl asma gfocessflﬂigggfg?%%r engsfs%]s%(?%,ﬂbaeﬁame\o%'ﬁ%a

outlet for exwkfaicisapperhéor supportinge spbsambmwithimdhe plasgagiraodicing@Rshgure. A
gas sourge is o fluid connection,_. 10 with the gas inlet. A first power
sour ce p?ovi g%éslgsp%?ﬂ@rp TR rﬁg?lﬁgwr {PrisgUpting:ihe pagssure ipjthe plasma grosessing A

second power chdbies @ndlosith, R JeRPYRS elgétldah@ @8@%@&%@? gfggﬁ?csecond

frequency different than the first frequen e provides
power wi t hi nprasessingsshsmbenerdlosare fortshstaitingragslasmes a glisfifiRt fipréviaigtshe first

frequency anq ihrée second frequ g{% A controller is controllably connected
to the gas inte © Rlgymaprop °§ pr eglsuts, and\a savewin foneshaustimgrgae, and

‘the third posem thOphSS@a TR Rssifi I iaS | east none processor
ut er 'readagl e nedia V\gi CE ég%ﬁn%ﬁﬁggsAc%a%%cﬁg%ﬁ IGQR'E‘?‘}ﬁ@nf or

and co
i nt rodl:rgﬂng withdhecgaaimlel a8 firsirmmugin sbiree grsides pbeter Witk tHethaiBaoaRi 6t £ 0de

for perform first etch sfep and conputer readable code for providing
a.second et cﬁggﬁ%‘!m%exfsre?%‘}‘f@fw SQVISP PEQYMIsSiPORET Brithin thachamber wyll 20af r om

the first powesnd efcPdiffer | r L ng_ener fr.omthe
second power s%u?f:qg at” a se%%ﬁ%nptggveﬁfﬁﬂg@gﬁcya%}j&#dg?ﬁ%rﬁa“@ﬁéfw&srom t he
third power poseuMidinmthexhamberiwplhwea thirMedquendyediefererit thiin e Firgt Heqh

| evel and thedéﬁi rd B(gger | evel, are greater than zero, wherein the first
etch is used f o et CRIGIPQYTGY e A Gnitoliey ig gentrellpbfeconnested do the gesfimles thalept h.
Conput e15 r eafi8hRveE G ek wag e 25 ri ses

provi di ng energy from fh’gﬁ?ﬁfégglagomrs@%%?gjgd]g&e%ﬁagé teﬁs?)lgﬁ%fﬁi‘r%vel ,

provi di ng erfengglldrcomprises aldeashdngppmeesssiandedmnputer readdble RRWR! whigke! . and
power |evel,

provi ding ener fromthe third power, source at a sixth

wherein in tcﬁ'?p%#sscto rteacrall?ifé‘fopd&\rg% ipfeducing e plshist gas thupugh degneat er

than zero, \Wuet ebmphtefrdalisBit SISO riveSSl feature in t | ayer

to be etched to a Ti rst dept . V\g)ék’gl n atﬂg?;ﬁegsstt%tt%%g%fm ﬁ%mpute”eagfble
code for providing a second etch step. The first etch step comprises providing energy

J 20 from the first power source at a first power level, providing energy from the second
power source at a second power level, and providing energy from the third power |
, source at a third power level, wherein in the first power level and the third power level
are greater than zero, wherein the first etch is used to etch a feature in the layer to be
etched to a first depth. Computer readable code for performing a second eich step,
25  comprises providing energy from the first power source at a fourth power level,
providing energy from the second power source at a fifih power level, and providing
energy from the third power source at a sixth power level, wherein in the first power
level and the third power level are greater than zero, wherein the first etch is used to
etch a feature in the layer to be etched to a first depth, wherein at least one of the
30 fourth and sixth power levels is greater than zero and the fifth power level is greater
than zero, and wherein a condition is selected from the group of the first power level

not being equal to the fourth power level or the third power level not being equal to



30 fourth and sixth power -levels is greater than zero-and the fifi §hr pOwE]j7?
| evel is greater than zero; and wherein a condition is selected fromthe

group of power |evel not being equal to the f po fﬁjgzmm@ﬁokevef
or the tﬂ&fﬁm g%é% | evel not being equal to 3 08 FEB ~. r E ?0a

2005/ 022623 PCTI US2004/ 025406 the sixth power |evel, wherein the second
steh et chespifh B3l foybl! whekid H3keditl &6 oRhEIBR fbatur in e hgedtoftoh

greater than th |rst depth ese and ot her features of the present
“invention V\btb‘lxecbt@ aesond depdh preataniiean tHetfmstideptiel ow i n the detail ed

i gureb. BRI EF tm“e ' PVEW%J‘“ of ekt wenpe Al be Revibef e
il lustrat edg%élg/\ggéf &g@ﬂn@% U&Weition bihd'id &) erigﬂibuohﬁvﬁwme

figures of a corrpanyl ng i(?’c‘avvl n n which Iike reference nunerals
refer te sifillowinghiga®sls and in which: 10 FIG 1 is a partially schematic

di agram of a vacuum pl asna processor | n or g ' a preferred
enbodi ment of the preses® EH AP CRE m—gbl ock di agram of
the electronic cigc 5, 18 fank 6t by wa§ of

conbi nati on vvlthL[il E‘% represenr%&abﬁgo&% #a%ép lectric %ar s of the

vacuum proc ﬁﬁﬁ&hoﬁ,hﬁﬂﬁ@ﬁgmlek Uﬁﬂﬁmpmy&mgﬁdal iswich Ekarqferenéeal | y
schemati c di agram of a vacuum pl asna rocesgl accordance w th anot her
QQIF’GV highs a h| g

enbodi nent cﬁmﬁ@wﬁ@é@ﬁﬂﬂﬂﬁ\ﬁlﬂm@ﬁaﬂ h level flow chart of a
proces in od g@_.tahcp gRti Cc
Cross- zgctional ﬁgmgblﬁfbmf’%{g&ahb?‘ﬁ n etl;:}t(;halzjv%?)1 a?gs %c\?ﬁach a

hi gh aspect s¢@bdmct 9athid prefGredicphtlimEntf the prefel iaventivahemat i | c ,
cross-sectional views of a substrate for |ncrea ing . aﬂg;ect r%‘h’é\ 0.

feature as the efEG'pRocedorpaddpds diagramaf “‘g"ﬁ‘e‘& i on
for the sane chem st € r QeMERCY
suppl i ed. 25HEE HB%C?rBidH?‘ %P%ﬁgﬁﬁlﬁéngcgﬁ%?’géq%%%tH@Eﬁeon at
various powghgs af theVabiifth pRicelsof EhaiibérdHustiatéd insFI@ land 9B il lustrate a
conmputer system which is suitable for, inplenmenting a controller. DETAILED

DESCRI Rl ON OF THIGPACERyREistyRsyemmAis gliagram of a vacuum plasma processor in
accordance with another embodiment of the present invention.

FIG. 4is a high level flow chart of a process used in an embodiment of the

invention.
FIG.'s 5A-D are schematic cfoss-sectional views of a substrate with an etch
20 layer into which a high aspect ratio feature is etched.
FIG.'s 6 A-C are schematic cross-sectional views of a substrate for increasing
aspect ratio of the feature as the etch process progresses.
FIG. 7 shows the plasma speciation for the same chemistry and same power
levels as function of RF frequency supplied. _
25 FIG.'s 8A-B are graphs of ion energy and distribution at various powers at
different frequencies.
FIG.’s 9A and 9B illustrate a computer system, which is suitable for
implementing a controller.
DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS

30 The present invention will now be described in detail with reference to a few

preferfed embodiments thereof as illustrated in the accompanying drawings. In the
following description, numerous specific details are set forth in order to provide a

thorough understanding of the present invention. It will be apparent, however, to one

4
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30 The present invention will now be described in detail with righeFencejtio
a few preferred enbodinents thereof as illustrated in the acconpanying
“drawings. Jn the follow ng description, nunmerous specific details are set
forth in o 9ePM¥B230vi de a thorough understanding of th@CEABSLNHD25406
invention. It will be apparent, however, to one 4 Op 6 FEB 2107 WD

2005/ 022623 P 4/ 4 skill.ed in the art, that the present

i nvention nays%e%?r%g[g? F‘g’gtﬁaﬂ%ﬁ? RGHt d8yRatign may begractiqed sithoytsqme er albefi | s.

| n ot her i nstibogaspecitR!detafiso AeSSScal : not
been described in detail tdlﬂﬁ mtgé to n%%’ﬁ%%gggéﬁ?ﬁ%g%%écureortsﬁg}é%?eessent
Jnvention. 5 weaothesn descritedimdelailtin ofdeyto sotlimmkcdskailg obsdupgthelieehh
pl asma processor .. vacuum chanber 10, having | ongitudinal axis (i.e.,
centerline) PSR | ystrated as i ncl udi ng electrically conductive netal
Mall 12, $ottom el Refef iSHRSemRa . : Ly 14, Wl l
12 has a circular i nneérﬁgg:ari pheryé,/to(]:*(ﬁfi XI.a S%mfrﬁ%g%?eﬂﬁ%ﬁoﬁegsor
grounded, i . e/acuum ch@nbemll (RRaving ngitndinabids (i.@) @ntevkind) Ui hRtred Qs

mai ntai ns the c'hlnﬁi ofahl%ha%e‘('i 10 at, a_vacuumon the order of 0.001 to

500 ton.  dunPiiiamEslsis v msilgyalh,f 2. Detameleotrode aasemibiy 13 ond faped

pl asma r egi oRlézirodevReih Oftaf] Lase of Jhottom
el ectrode assenbly 13 an1 lfi topmggﬁyﬁ&;?{/%%#ose P%@gtﬁ]egﬁgégﬁgfm (%ISO]T “top
eljectrode asS¥AbILY ig grounded, s¢.dat DEand RF sefatnapvtémiat. Vaum pieghon 8 is
spaced froom wal.l, 12. .15 Bott? el ectrode assenbly 13, frequentléwreferred
to as a Bot t SHBEAES e Heriqrolc 200 axjarvzcunm en'the ardsr p£0.9QL tor 200 toor

el ectric i nsdyahi dekdife 1 ,ﬂ%&.ﬁ ' ' ' tal , .qrgunded

base 19 of charrb%?’.qg. ergl%ero e gggghn#%é}f?%?ﬂéﬁ%%gﬂn%? %IP%F?gl%éﬁtral

metal el ect r babvers. a edioni boundanyicidse\to thie taificeldf batign\éesctasie Wsiaibly $9/hace
ically a sem conductor wafer

for receiving.,a ¢ircular. workpiece 18, ty

having 20 a git%ﬁi"é?‘ija%f)lgfeatﬂt %??@PI%%@HIOQQ?P elseirorieasearably dt; thetside el ect r ode
16. When wor 3{,%, ' R aT-Y MVARY! ' ter is coincident with
axis 11. E eEtrode?%%:ﬂfﬁwgg cok%%%#ggé ?%a%gd&ﬁ'cﬁgfgl%?‘ng vol t age source
(not shddn) for clBotioimelectnxdepiseambly 83} Mequehtty rafasial thtaseBoNBneslestddRsiat i ¢

forces. The tear;tlp%e)'lr ure QL e*ectrod 16 and , workpi ece 18 are controfled in
a manner kno% s Lk ARd s Fesyred fp elsptricipsulalingging bl whicknial tuomiss our ce

20 to a reqi gy\@gogbﬁ Lt .21 an valve-
22, res pongi \%t"f?%ﬁﬁ ée}l &ct ruP c s@%gf%g %g%ﬁ%%ﬁtdrﬂ?i@df%g %gl}thlxéé “i“ﬁ"‘ges
response to ¢irguler, cempénwtal elecsede Mothat iswoppial withtarist Heddak talupgér by set

oi nt source_2 .. . . .
P sur?ace for receiving a circular workpiece 18, typically a semiconductor wafer having

Ny

J 20 a diameter substantially equal to the diameter of metal electrode 16. When workpiece
18 is properly in place, its center is coincident with axis 11. Electrode 16 can be
: ) connected to a DC chucking voltage source (not shown) for clamping Workpiece 18 to
electrode 16 using electrostatic forces. The temperature of electrode 16 and
workpiece 18 are controlled in 2 manner known to those skilled in the art by
‘25 connecting helium source 20 to a region (not shown) in electrode 16 by way of
conduit 21 and valve 22, responsive to an electric signal that controller 24 derives in
response to (1) a temperature set point supplied to the controller by set point source 25
and (2) 2 measure of the temperature in the electrode, s indicated by a signal derived
by temperature monitor 26 embedded in electrode 16.
30 ‘Bottom electrode assembly 13 also includes electric insulator ring 28, typically
made of quartz. Ring 28 is secured to the top face of insulator ring 17, is coaxial with
axis 11 and has an inner diameter substantially equal to the diameter of workpiece 18

so that the periphery of workpiece 18, when the workpiece is properly in place, almost

5



and (2) a neasure of the tenperature in the el ectrode, as indicat H& b%ﬁﬁa?ﬁﬁ?
signal derived by tenperature nonitor 26 enbedded in el.ectrode 16. 30
Bot t om elhgphigdpz@ssenbly 13 al so includes el ectric i nsulpghypissoberseds.
typically made of quartz. Ring 28 is secured to the top face of insulator
ring 17, is coaxial with axis 11 and has an inner dianeter substantially
equal to thendisaieisier peripiric pf A6€ 28.8 The poitival oftthe tapefabpdifing b7 owssidepi ece
18, when the workpiece is properly in place, alnost 5 08 FEB 2107 WD
2005/ 022623 rix@8Usrbihe/solesuabofiing L7 arecoveredbyjasylanerps 33 apd gpunded The

ti f th f .1iN0gcL17,.0UtS] Y ) ' f
Pihg 37 ar o TEoaLRRE S Byreretivabs o Rifbaistiaa s shaal o Mok Moctidde 3 ©
respect i vel Vhael das WedlohBitd or Baidd with 4§er (AbtsHoywnyRf dlclethtcér anductivey 34

that can be covered or coated with a |ayer tgnot shown) of dielectric or
conduct i%e Snaetisk Eidctricallyconiuciiveyingcidand:the dayer thet caverser qoats if asgdpade, ot

chom st 1y ofotematsriakhal foes ned pafagita of chém iR i PRmERIEN Y Sull
relatively hjghrsapiucdiidiblerehvkIy M Cnducti FitPsemibotiductvs] &g., Bithdeon.

Alternatively, ring 34 is a netal "covered by a suitabl e non-contam nating
mat eri al . Risikicidd ABerahtiodly, ring 34/isiamaetabeoyérdd yha gitsbleowm-eafamingling 32 by

dielectric, 10 insul.atjng ri under .certain gitcungtan . -
el ectricall W@'@Hﬁ’e%ﬂ%%%ﬂ?&gﬁés’d“ﬂﬂgﬁ@%ﬁ“ G’Fﬂ}’@ﬁe‘%ﬂ?@ HB{%%M‘{{Q‘R&%‘&

Rings 3gan Crift ' LehbirPoticimbiancedgh tAPE I nhéted & osuh@édveen

t he out};{% egag'ﬁ%@%%t?g%hg?ﬂrode asse?vaglcy 1?f1 %ﬁ% ring _ch.ﬂ :I'opgﬁgl ectrode
assenbl y 14 rimg32idederosndrcicumstanceso Rings33 awh34 ate opaxipl with exis1l 1, 28d and

having a bottom face 36 de of_ electrical conductiye inthinsic.silicon
Chat Odoes. RSOy D ThE ARG PSSR Yota pSde seemufy I o Hne °7"-
El ectrode 364 ncludes internal passages (not shown) and nunerous

shower head openi ngs (not shown), both connected in fluid flowrelation to
a suitabl e sour ceTay eletirpdozmemblydkidscinties cantrahelettinds ifi codraalshithexisddd

P oceasts nomdeing a hotam e Ba otk ot ol tohadivh i inde SHicBndfth, "
arrangement (hastepaaRSiifid ool ot MbEARIn tdift & OBCERMAeIE ANMD! | €S
a | ead

to arrangenen Vi 5 1n résponse to a sét point signal supplied
to the cont riatdned pakyageenop shovwn)snd momepds showmdidad apenings (gobishawnyi ive

f the t t f el ect . 36, | ved t 39,
erbedded | 1 SaBaEHEH i i oy RIGiRfLIR BRSO RGO Gioet BPE APy 38 and
metal ring ‘kﬂmu:éh'iﬂ? Sow he:ﬁﬂﬂiéhﬁiﬁs‘iﬁ%?eﬁéﬁﬁvaﬂereﬂfe%(aﬁésad%?{oﬁ%%dﬁto%uartZ
y al i gne tHrimng

and approxi mate W . .
20  plasma that processes workpiece 18. Electrode 36 includes a heating and/or cooling

arrangement 45 responsive to an electric signal that controller 24 supplies to
arrangement 45 via lead 35 in response to a set point signal supplied to the controller
by set point source 25, as well as a signal indicative of the temperature of electrode
36, as derived by temperature gauge 39, embedded in assembly 14.

25 Assembly 14 also includes insulator ring 38 and metal ring 40. Ring 38 is

* coaxial with axis 11, preferably made of quartz and approximately aligned with ring

28. Ring 38 has an inner periphery abuiting the outer periphery of central electrode
36. Metal ring 40, coaxial with axis 11, has inner and outer peripheries respectively
abutting the outer periphery of insulator ring 38 and the inner periphery of side wall

30 12 so thatring 40 is at RF and DC ground potential. The lower, inner face of metal
ring 40 is covered by electrical insulating ring 41 that carries an electrically
conductive electrode ring 42. Electrode ring 42 is either coated or covered with a layer

{(not shown) of conductive or insulating material that does not contaminate the
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28. Ring 38 has an inner periphery abutting the outer peri pheryrﬁé th@? '
electrode 36. Metal ring 40, coaxial with axis 11, has inner ant” outer"
peripheries respectively abutting the outer periphery of insulator ring 38
and the i nREPM¥R22¢ery of side wall 30 12 so that ring 4@cirasasessissaed DC
ground potential. The lower, inner face of netal ring 40 is covered by

electrical i i ' 41.t hat rries an electrically conductive

el ectrode ri %g%%&%?&%@gﬁ’&am'?&‘%‘?i e plegigigalbyinsplated feora dingi40mns

| ayer (not shHOWDbH gn ' ' ' ' t hat - does. no
contaninate the 6 8 85§EBZy%“%%%g%ﬂfgmgg%%gé%%@ggﬁ%f%wﬁy of
_the plasma i fettaigiispustamiesgnd 3s élscteibalbt donnedtbd/tol s @ RTWAII A Bt and

wal | 12 by ricng%ﬂis?t and a downwardly dependi ng flange (not shown) of ring 41
under certarn #ifi¥Et ances and is el ectri cally connected to ring 40 and

wal | 12 @gnder oth q&g@gg@t}-@%n d for egoi ng, confi.ned pl asm

region 8 has a to‘gfoggundary deZ’gﬁ;ﬁn;ﬁlrlleeli‘l &%Q%g@nt%as o@?g’m&gdg@'&n@?g

el ectrode 36by (D)the beftarnfaeidaateleatroda3s)i(2) e boitom B Hisulbd) ﬁ%@@s %gat om
the top

face of elec ring 42, d a_battom boundary determ ned (1
face of wor kg)gﬂegbﬂt@['?\{ﬁgr?ft%&@trﬁﬂ?%g gdanda t?qiito)ﬂli Mm«(@t@mi(mgd @p bialee of
i nsul ator ri RSk f - f Q i 34, Mdtor 43
controls the (_jggg%ﬁlg 1(])4)%\@?J\ggwhglﬁge%‘%@ﬁcdﬂe%gﬁ%’kﬁ]g)g@r{ggmpe@%f’h”é’&ﬁ% 8
by rmoving t hang28 andr(3)dbe tapl fatoef cladtrdt Haga 42956604y céﬁudm@kfé&-

bottom el ectrode assenbly 13. Mftor 43

rel ativesto the top face

res pondgot 0 %qu’ﬁa}] top G'i’Ff E‘Bﬁﬂ“ﬁ PrRdarips,of rgiom8 whaovingdha hottimmtfaeearf ibpe

faces of el egqi agmr?l' _ _@Q& . xper i tally_ determ ned

‘opt i num val ue ‘gtg@et he pa tl??élﬂélﬁ r equﬁfelgﬁl?%éog&teﬁgﬁagﬁg? Eﬁg‘?‘ﬁ@lﬁ‘ﬁ&éﬁa

processi ng ofssasbiydSkMotertiRspanisdes sigad fomELMESIRAUND sSQHE Shch The
i on 8 are bounded by spaced, vertica

si des of co\r};‘i nedﬁl ?R}r%a reI% k

stacked | ouVEr¥ceRfhe faces of eltireds aspemblies  drand dd ot Aw expavimentallypdeteritied '
chem stry ofoptiAfim ' ' .S 44 are made of a _materi al
that is eithar el eg{ﬂ?ié?gﬁ '?‘3 pﬁﬁ%g%?gt% (ll%égm%ps)lrﬂg#\égégq éeg?qﬂn@ugechsgg,g ofuch as

quart z) 1or Swerkipieee 18 asclerivedifibin ssopeiutéowre 20 (e.g. silicon carbide) so

that the | ouversJﬂ{%ﬁl eog.tri al]y powered, or float electrically or are
electrically gro CSB &0 asgpaTegigatP amp Houpdeddyiepaced, ivetticalipunt  of

pl asma flomckwmg&- 4he rs 44. Hoyeyer, up-ionized gas
in region 8 escapes "tshr6%&9%ﬁ%@eﬁ%£€%§?§fuﬁ'&'? Gbechemistiy o thes i n
chanber 10 biasmadnregivn 8. Thedntvers 4ard thao df b Snaddii Wbt id Gk BRciridhfy i OF Of
chanber 10 %u?%ﬂg 9 }.hro‘u%h,%S sui t abl e openings in base 19.

\ ating (preferably 2 dieleciric, such as quartz) or somewhat electrically conductive

) 20 (e.g. silicon carbide) so that the louvers are electrically powered, or float electrically

or are electrically grounded. Louvers 44 are such that no substantial amount of plasma
flows through the slots between louvers 44. However, un-ionized gas in region 8
escapes through the slots between louvers 44 to region 46 in chamber 10 between wall
12 and ring 32 and is pumped from the interior of chamber 10 by pump 9 through

25  suitable openings in base 19. '

Louvers 44 are fixedly spaced from each other in the vertical direction bya
suitable spacing arrangement (not shown) and are driven up and down relative to each
other and to bottom assembly 13 by motor 47 to control the pressure in confined
plasma region 8. The pressure in region § is controlled by a pressure set point that set

30  point soﬂurce 25 supplies to controller 24 and an output signal of pressure gauge 48 in
region 8. Controtler 24 responds to the pressure set point and the output signal of
pressure gauge 48 to control motor 47, and thereby vary the spacing between the

bottom face of the lowest louver 44 and the top face of electrode assembly 13.
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Louvers 44 are fixedly spaced fromeach other in the vertical di&ffﬂ@@gw '
a suitable spacing arrangenent (not shown) and are driven up an own

rel ativevg(s &%ﬁ}gzmgt her and to bottom assenbly 13 by not @cTAK2000/028486" O

t he pressu EYPREEAE i ned pl asma region S. The pressure in region 8 is
controlled by a pressure set point that set 30 point source 25 supplies to
control | er | i A8 Seda UBE prESsird setpryiinto LoBivers
Control |l er g“‘ﬁg‘g‘ﬁgﬂ%?ﬁ%@%ﬁ@egﬁ%%ﬁﬁwset poi nt andpt he ,ou'ggﬁ?nsi nal of
pressure gaugieard 8rrhupedotthatl therluyversaln, noh mbvelin kespynsgtoyactimetion Rfane9r fét ween

the bottomface of the | owest, | qQuyer 44 .andg .the t f. f de

assenbl y 13.50111@811?:11’3332’6@)?1%@-@198 %ﬁg"ﬂ’%‘l‘? M@%@%ﬁg‘dﬂﬁbﬁ@é‘%ﬁe ntly,

the pressure,_i ' ' ' j > pressure set point. Louvers
sgg@né ggt{v%g;[l %%éﬁé’oﬁ% s B L

44 are arran uvers do not nove in reigonse_to activation
of notor543, so Chatollenedpegoads o sehpaiatddunedShioaeonirol eoulimgdfivarious
control |l ed i ndependently of the sg&g&{;ﬂ bet ween el ectrode ass%gglti es 13
and 14. 5 Cowmbipations pf sevesy slitferep PACHS PRECEFPBEEH Po1* coupl i ng

B o il

arr angenent and 42. The different RF
frequenci es 3ppbipd 4LQarhees diFfteent Powershbd cafitraindifieeent phetamanadifiifer ent
powers and control different phenonena of _ the

: . s,
" the enbodplasna inioningl resiah 8¢ S GIBHImaRt SEFUERF JePPURIeE AAPHEETHY | o

three fggquenci.es from so {%?eai‘l]an ehiosit foQllEsrolifs 16%84,36 and
42. Soui e a Qﬁﬁ%&%@%ﬁ%‘@ﬁpﬁ%g@%ﬁ ed as |%c uding three separate
sources 52, aRiMAShubé: irfaigearAt PEisfillustatdd @ineindingdbreeceparatesoures 52,
preferably | owpower, variable frequency oscill ator

S. ternately source
arrangenment $Aand30 thabeandbestivey EequencHInpeses, E‘&tﬁﬂ'ﬁgﬁf%"@bﬂ‘gfl’%’ %‘ET“\ _

three sel ectgd frequencies. e 59 |
vari abl e powBFIFEFHO ?%8% (ﬁgﬁﬁtl&\f%%&g@ hg\ﬁli?éﬁg e ?é%‘?igd%fde%ﬁ%%g?ﬁ%gg? '
bands that agpeaiePthabsad iRivirthidievted fretincimsy Mhe lawgowiea seurced diive

particular dnplifier is varied. To this end,. each.of sources 52, 54 and 56
has an a§socassodated varahle mewcaﬁ@nMW§mHW§‘8ﬂ V%ﬁ!ﬁergtsﬂ‘é%w??s% he

frequency of,saour 52 i 8., ' HARIEHOEH R S hali and 10
MHz, the freaﬂgﬁé%%ﬁegﬁpc%@%ﬁ%‘g&eﬁwéﬁ% s%%?ange&lget v‘vee%rblo M!Izéwgnd 150
MHz, and t heahpBEetan oxiql. BO IS end@atipof sources 52) 5t and5 has ghassecigiedbet ween

27 MHz and 300" MHz. In one actually tested, arrangenent, the freguencies of
sources 52, $aquendy 56l peiwer setiing? vkl Lpically, e%ﬁ‘z‘l}wn%’ﬂ GO BN Rz

Vari ous conbinations of fr i di8urcB5498 81 8Y

applied to r’éeg]f’fanﬁ% og?%é%}ﬁ?twgglg:fgﬁﬁlgép@gﬁ Ngﬁﬁﬁtﬁg‘ﬁ‘(}gﬁgl y o?“r& asma, the

i on 20  midrange between 10 MHz and 150 MHz, and the frequency of source 56ism a
relatively high range between 27 MHz and 300 MHz. In one actually tested

[ 39

~

arrangement, the frequencies of sources 52, 54 and 56 were respectively set at 2 MHz,
27 MHz and 60 MHz. Various combinations of the frequencies and the powers of the
RF energy applied to region 8 affect the distribution of the density of plasma, the ion

25  energy and the DC bias voltage of the plasma in confined region 8, and the chemistry
of the plasma in region 8.

The frequencies of sources 54 and 56 control the chemistry of the plasma
because greater dissociation of the plasma occurs as the plasma excitation frequency
increases, if all other significant plasma excitation parameters remain constant. In

30  particular, there is an increase in the percentage of lighter eichant molecules in the
plasxﬁa as frequency increases. The high frequencies applied to the plasma resuit in

greater molecular fragmentation.



25 energy and the DC bias voltage of the plasma in confined reg@cgn gai,z} ?aza
the chemstry of the plasma in region 8. The frequencies of so rees 54 5hd
" 56 contro 1 stry-of the plasma because greateéer dj iatiaqn of the
pl asma oc?ﬁgﬁg@%@e pl asma excitation frequency incr ea?e(‘gl?gﬁ“méﬁ%%é?her
significant plasma excitation paraneters remain constant. In 30 particular,
there is an incr aosGnkRIdREARArE A ROME2 Wi VasibuSldiifihdtRl? Hdaiondidy e
pl asma as frequency I ncreases. the hig requenci es applied to the plasma
result in gmdpbeersivdbmcohmes §2,5¢mad5atdnables &erplasn20®7be (Miln2A 056 GRRWMR3

PCT/ US2004/ 025306 Drivi ng el ectrodes 16, 34, 36 and 32 W th various

conbi nat i onPUEHOSFS EiRdredde unidorprotaan- Rlasaa densty, wn eagrgyznd enabl es
the plasma tgp, 19&1&3%5%%&&{ various purposes,-e.g. to provide uniformor
non- uni f orm p?asrra ehsity, 1on energy and nolecular fragnentation: 5
Control I%r 24 redpancdlet 84 eesppuds teiogtpak sighale fioheset poimisomee 50 andtheRE t he
RF outputs of sougce arrangenent_ 51 to control_  the aPpI I cation of several

frequenci es OWIEH? SArEnEemetAd e contrelfhe ppplicabem of sayerad frequencigsd 42 i n

. : . ; ol ) :
boi nt - sour careh s ee errRlent S Py 18, 54, B'ah 9 B AR BR o™
f requenci es,anlpemuitationsa| Th atpaititldrieaadiinitsset pombsancs S@activdtdaZzonrdlland 56

drive electrode 16 while el ectrodes 34, 36, and 42 are grounded; (2) at
| east two of24sadl} atdgist pee ekthe feanensinscut uppto allshyeedrequengies; Semysquyess

el ectr S ' 8 X 30Nl y one
of sou?ggs ?2’ g{g%§g9%%l§ﬁc§ (ferclltad;‘%ek?ée%l 3 o‘%%g Jj.éz%sﬁ’l @Sgg%y%%ﬁ%g“%%@( ear‘]‘52
drives el ectismatievoléf thelficqaeriedtomdaicadds2, aomcd 34 ane 56 deive eRdirod<) 16 and

el ectrode 34 is driven by source 52 and/or source 54 or is 15 connected to

ground via &rwhilesleqteogde 34 and4% aregmonndeds (3) paly neqfsauizes$4 en o drivep

. , f . . . . . . ’
clectrodes. Thueipledealle 16,584 ity ouick Uit WuleiTRIAbAOag,
56; and (5) afd4Qafogleudded; ¢4) elicknd@a 34k dritndsy odrceBY Aid/SFeYGRe 59%brdE i S

connected to ground via a filter having a _pass band for the frequency of
sour ce B2 apanwscteddn grausivip p filier having)? passihand for the fegugncy ofapmure 52he

.. | . 3 . i . i 52,
b and S UPL RS PG ¢ heRltbicki) bR he RN BRGs 10 C°
di agr am i nclatid 42 gavé Vericuisicotrdctivndio soqites 62) 51, ard 56 0dndXS) eletirod 42 Boupl i ng

t he out put of sources 52, 54 and 56 tq electrodes 16, 34, 36 and 42.
driven by source 52 and/or source 54 or is connected to ground via a filter having a

pass band for the frequency of source 52 and/or source 54 (i.e., frequencies F2 and F3)

20  while the remaining electrodes 16, 34, and 36 have various connections to sources 52,
54, and 56.

Reference is now made to Figure 2 of the drawing, a block diagram including
the circuitry of controller 24 for selectively coupling the output of sources 52, 54 and
56 to electrodes 16, 34, 36 and 42. '

25 Low frequency source 52, having a frequency F1, drives only center electrode
16 of bottom electrode assembly 13. To this end, the output of source 52 is coupled fo
match/tunable ground network 58 via voltage, current and phase angle sensor 60, as
well as switches 62 and 64. Network 58 includes variable reactances having values
that are preset to provide approximate matching between the output impedance of

30 source 52 and the expected impedance of the plasma in region 8 for the frequency of
source 52. Sensor 60 derives oufput signals indicative of the current flowing between
source 52 and match/tunable ground network 58, the voltage between the output of

source 52 and ground 58 and the phase angle between the sensed voltage and current.
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25 Low frequency source 52, having a frequency Fl, drives only C@'I% gren 2an7
el ectrode 16 of bottom el ectrode assenbly 13. To this edd, the output o
source 52WQ25(932623 to nmtch/tunabl e ground network 58 PCA/USIHAADS406
current and phase angl e sensor 60, as well as switches 62 and 64. Network

58 includes yariabl e reactances having values that are preset to provide
appr oxi mat e #ﬁﬁ%iéqg“u%ﬁ WGWGBEFB&EQWM@&;‘PSW@&F@Wﬁd t he
expected inp R AR B ﬁﬁgﬁ. ency of  source
52. Sensor 6 erfe\ﬁgésndgt@?put si gna L ety gﬁ?il‘gfsgﬁlp‘f%hgei@ﬁﬁre‘m" | owi ng

bet ween  sousisstaitiatly grevidedhipedaiie ratehi Betdden Gie/ RltluiSthpedte\stishage spet ween
the output of source 52 and ground 58 and the phase angl e between the
sensed vol t aged thegmmgdansstof thaplggme apthg frgomopzoeseF228 23nanner known to

PCT/ 13S2Q04/ . I.00 l4£S : current. voltage and pha

angl e si gnal g@ggglgﬁi ?‘gﬁ%earréé%‘?&m&#lﬁ Ifitgg%%ﬂﬂ%m’?[ 6’%%'5&? ? g lgﬁﬁ?cﬂﬁ"&f‘)ﬁgﬁ
frequency of sesplies €hds@ cl@ertpvdltageand phidedSp ikt Whivhaessoads iPedalee natch
bet ween t he out put inpedance of source 52 "and the inpedance of the plasma
at the frequéeskioldhe cyipblereactapeesofmatehing kelsvork 68 te maintain awibistaptally t he

t. Additiopally,. if the. f ‘ 52 is fixed 60
Suppl 1 o5 ¢ hobleishiplpepddits blERETerd e 2R Smbetain oF §5ike A58 Msonds 1o
themto conimpéndehee ¥Pthe plisfraa® 86 REFRAECPHS TG ET1E: REMNTnBmtB tHSdeNt i N

a substantiall precise i npendence match between the output | npedance of

source 39 andii{lhémthﬁnﬁdnd"@ﬁ’d@rf@bletmt@casnﬁnetWOtlhéS,fWkﬂumatciaemfarsour ce 52

in a manner known.tq those 10 skilled ip the art. The, vari abl e reactances

of network 5@1?13%%8 F%e? ?%?ﬁ éeq"}fﬂﬁ? 85?9’!’&?% E°t RFH@’dletagk’vaé“Refi%?é{; of
source 52  OfgRY idgudhoy APTRE SRR Both Arbotidilankionikh AAPENGY BHT0H RS 52
In both directions and a high-i npedance path for the frequencies o :

sources 54 afigquaeiesof sorres - Faysethat e frequentiecefsolircea id aha S6rase
substanti al | tenyated. |..e. reject.ed e rk 58, As the_frequency of
S A R AT Rl T e RS R R S Y O
oper at 015 COfKdngbd BY refifonse &F 4eb ORI ShatEey tHepdrDy dnltpefAACLAREARr 8k Net wor k
58 to maintain the | ow i npedance path for the frequency of source 52 and

a]E)p{ ﬁXi mlat e maspm%inﬂfarméemﬂleheacfgmeef net\ggﬂuffi tamamléllmalmgv m!qm%?w\(lj\ﬁnce
0 e plasna requency of _source 52. i s ysu esi rabl e when
sour ce 22 dr-ﬁéggreﬁilg?‘ieﬂgﬁg OgléX‘erP ,Sglag‘éf‘l’?@xﬂ‘@?&a%%{’tmg @“%gﬁ’éﬂ’rer-%cy of
source 52 t Oo@phSinfled il ¥Ra Th&ingSddaRSlesT the pRRfa3tr tg-é(hée%lﬂg:zc aogrc%'.‘)%t rode .

36 is selectively connected to ground through swt ndpass filter

67, having a cent 8ns psuallydrsivabdeywhen sarcdh 82 duavesweléctfodes 16 daryeledtrie Gictdsaat 52,

g; fs ngxgd fr E) & é’c%%&%yoorf 'souci%g 35% (Salgtt)sll& bet%tlrjertaxrlgi]cetctr%hest P6e ar]:c{ 56 'To tis glfld,sour €~
electrode 36 is selectively conmected to ground through switch 65 and bandpass filter

67, having a center frequency equal to the nominal frequency of source 52, as set by
the operator. Consequently, current at the frequency of source 52 flows from
electrode 36 to ground through filter 67 which has a large impedance to the
25 frequencies of sources 54 and 56 and therefore substantially blocks current at the
frequencies of sources 54 and 56. Under this circumstance, it is frequently desirable
to connect electrodes 34 and 42 to DC and RF ground, a result achieved by controller
24 closing switches 69 and 71, respectively connected between electrodes 34 and 42
and ground. For other purposes, controller 24 grounds electrode 16 for RF and DC by
30 closing switch 72, connected between electrode 16 and ground.
In normal operation while source 52 drives electrode 16, switches 62 and 64
are connected as illustrated. However, under other circumstances, while source 52 is

decoupled from electrode 16, switches 62 and 64 are activated by controller 24 so that
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eFectrode 36 to ground through filter 67 which has a.large inp C%FIE% bent he
, 25 fyequencies of sources 54 and 56 and therefore substanti al I@ 5ekE”

 current atwbh‘,t% SIJzégzguencies of sources 54 and 56. Under this circunstance,
it is frequen ?y irable to connect el ectrodes 34 and #TTVs2DE/asm6RF

ground, a result achieved by controller 24 closing switches 69 and 71,
respectively en..electrodes 34 and, 42, and ground. For other
pur poses, CcoO ns?ér} %ﬁ?sgérf%#@ %eﬁl%%??"af’ee&%? b tsrmpalsgf resistorsorgnd I bothoaf ng
switch 72, covidelcheek vagicseanalab aed & i n-horoal .qper.ati on
while source 52 drives el ectrode 16, svﬁgﬁae%egggﬁgegg Tﬁ?@%&ﬂﬁéﬁl@ﬂsas
i1l ustrated. ofigeksien 68unddP aoe tramected doigruad 66 shat Which 8o@@y504s Bcdufled
decoupl ed fr electrod 6, switches 62 and 64 are activated by controller
24 so that %Bg%eﬁﬁﬁ%g%%%ﬁéméw%rmm@mm thgwiripohes 62 and
.64 respecti vexhyemeagﬁséméessz.t@ﬁ&@rgeésﬁ_caﬁdig‘aﬁé W %tgtgﬁa{ngggs}%nﬁﬁgérgé%];n 4

whi ch have val ues equal to the output inpedance o

termnal s ofreeosingeted across msistor)7sethedmpeddined fiofh GlEaHRTL P‘@lobﬁﬁigt}élgfn
fromelectrode 16, the output of source 52 drives a

source 52 is.decoupl.e
| oad mat ched “%18?%‘2“% taringls of Betork &8 dy the same as when spurse S2tiesmipled to

condi tions, thkewbdlrd. hSiddidl &F&WB connected. across
resistors 70 so the inpedglrfig}g’%%%]se ectfrlé(;%sgéf%&{dgagﬂ “"'5‘&3 to ey
out put t er mi Absares 58 aetwrk S8Prowideselonaimpedanid it theSRSRRACH 3f bur&PP! ed t o
el ectro% 16 olglg a%jg)iti% becguse network 58 is tuned approximately to the
frequency of OB ded %Pﬁg aedcigspiEs of retwerk $$isegronné throughwesistor
frequency of 76asd £8i : I h tun circuitry of
network 58 to groun %%%eﬁge%hmﬁﬁwsgg‘?%&g é’ahﬁlg&tf%{e ke -
frequency of thsenghdhe t16ud sirchif§ of netwazk 58 t6 getand Shrob sl Rtk TIE t uned

circuitry of netwprk .58 to ground, through resistor /0. Md frequency source
54, having a fre\(lq\%?lﬁ&?q\‘—efwgﬁwcﬁgﬁx}?%agﬁﬂ%eﬂéy@%atqﬂudbiveﬁ) oiflg eletrbie

el ectrode 361g, , _ult an ly,. (4) oply 15

el ectrode 34, {%oﬁ%ﬂcﬁﬁ%f{, Sﬁgﬁﬁ% fé'le?@?d%gﬁﬁdngl% gwﬁ@%ﬁeoéﬁly;% °§£’ Y

si nul t ahtoustl§ctrodz 34, édpmysﬂlmOdedés(G)%o&rﬂe&ﬂ)daé Mhﬂcﬁ%@ﬂﬁﬁ%me&i%,(( bot h
of”’s

el ectrodes 42 i,mul,.t aneously. To these ends, the output urce
54 is coupl gb%,t@‘gﬂ f'ﬁ?@é%ﬁ&%‘flﬁgﬁp pusly;rand (8)hpath gleptrodéss36 mgl 42 r st and
second out puimtRiiEonsys sel ectively connected to drive 20 match/tunable
ground networks 76 and 78 at separate tines. Networks 76 and 78 are

i dentical to eachlothiess engsths onipusiof somreees 4R ckufied tﬁﬁﬁ%o&‘it’f@hd&‘ﬂa‘i‘%@ks 76
and 78 pr o%gtgh%tghi. ngg a{]df tunc?bl e tgr ound for the frequency of Source
54. As such , having first and second outpuf terminals selectively conmected to drive

i

/ 20 match/tunable ground networks 76 and 78 at separate times. Networks 76 and 78 are

identical to each other and similar to network 66, except that networks 76 and 78
provide matching and a tunable ground for the frequency of sourcé 54. As such,
networks 76 and 78 pass current and voltage at the frequency of source 54, but block
current and voltage at the frequencies of sources 52 and 56. Switch 74 includes a third
25  terminal connected to an input port of power splitter 80, having first and second
output ports on which are derived oppositely phased power at the frequency of source
54. The power at the output ports of splitter 80 can be the same or different,
depending upon the design and setting of the splitter; the setting of splitter 80 can be
set manually by the operator or automatically by controller 24 in response to a recipe
30 progral? a memory of the controller stores. Power at the first and second output ports
of splitter 80 is respectively simultaneously supplied to networks 76 and 78. Power is
supplied from the first output terminal of switch 74 or the first output terminal of

splitter 80 to the input terminals of network 76 via voltage, current and phase angle
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networks 76 and 78 pass current and voltage at the frequency of @gwm %@? o
but block current and voltage at the frequencies of sources 52 -a d"éB.“‘*ﬁ_,

Swi tch 7%%@%5%%3a third 25 term nal connected to an i uuPRidesfesponer
splitter , having first and second output ports on which are derived
opposi tely phased power at the frequency of source 54. The power at the
out put port gebr 8] dstwell adEwitdies B2 ahl 86 y@spectivelyiskieetieely conmkepdrtdigoonndoon

t he design and setting of the splitter; the setting of splitter 80 can be
set manual | yhroygh resistors 88tand 98+ Pawesirsupplied fromythe speond) quiputtarminaliofs honse
to a recipe 30 prqgr a _Menor f the,

firet and SEBORD TBOr ik SosBpa Boibufleupits) FERAERH 8% HER: okl dFhohviic

si mul taneousﬂsyvi&*éﬁ’ﬂ%e?&ﬁr&t@ﬁ& sngle sefishr 08, ad@eH as k®itchesIpl dnddd, r om t he
first output termnal of switch 74 or the first output termnal of

splitters 80 respettinesly npunectedrtaigraund thiough reststers B8 andal 000 | Gangroliem A02eamd and

TR R P e R R e SRR e
through res i(%n?fo?lcﬁBl AhdOD4 RN th TheotiRpkth 88 sdsrB 83 1ndSET aRtppitent

termnal of - swtch 74 or the second output termnal of splitter 80 to the
i nput ter ni rapus 6f comtohtixekval¥ed ofithe xeatteneps of natwaki76and 78nsidhe figieens®nsor

92, as well gs switches 94 and 96, 5.respectivel.y connect to ground
t hrough resi FB‘I‘@"@@‘% Wm@ﬂﬁﬁﬂ?sgpge‘iﬂ?rﬁﬁ%rmfgﬂﬁgﬁéérespectiver

associ ﬁc?d Wi th "ﬁg\egglsﬁﬁ&@c@maﬁ&? sWRcH'Edd re@orfRNS @bftréi%ignk £dm

Controllers 102 a 4 respond to the outputs of sensors 82 and 92 and
operator i mputrell¢r4ctorselestivelii eonmictithe cutput lof nelaek 0de slegtrodeldor k 76 and

78 and the f f 54 in t describ
{or “cont r ol 1S-0988 SHcPrIReBETEUR i TP SRR TR Oo TEER IR UBIRE (o -
control signgk flm;agg%?élkgﬁgbh h théh With SRit8E 108 Bl YesRARRG o Chfrdl Wigiats Of

network 76 to elect ectrode 34, or Open circuit the output of
net work 76. fidm eentpoliertidan selpetively caRectsthe putput 08neiwerk 78 o plsctredy Ifmexn i on

wth switch 106 respondi ng 1q control. sjgnal m cont.rol.l.er..24 to
sel ect i Vel y s %142?( ngmcb%pt&e ?{&Mﬁ?@{?’%’%ﬁeﬂ&j}ﬁ? 88%“@!:“3# a %Vécs
el ectrode 4Z.;Qk ﬁgg%oﬁblte%!é uthliCof¥dhRiets42h nealoRIs, £ colfiblier saRheg! | er 24

activates swtch to couple the output of source 54 to network 76, the
control | er astifchdi0€do comndcet thekMpit of oetwosk 76 td eithentglesirode 1hereteckods34.0

ith | d 6 | de 34. f [ 1 f
et wor k76 UbeRralls it causes 1A @ptksifactvorkyd t B eonBie s RIS {EP8nghge
the first O%ﬂél'a%%ﬁtgié ARk Qé%ag%%? ﬁ?ﬁﬁ%ﬂﬁﬁm 5P 8¢ 14 dhe’ SorfidBBS(19W t ch

72 to prevent el e 16 el ng grounded and (2) either opens or
cl oses Wi t aipefi9switchiEZ tuynleeert lebectrodel 6 fénf being graxunded and (2) ejtheropens or

el ectrode 34
closes switch 69 to decouple electrode 34 from ground or to ground electrode 34,

O

respectively. If controller 24 causes the output of network 76 to be coupled to
elec&dde 34 by causing switch 74 to engage the first output terminal of switch 74, the
controller (1) opens switch 69 to prevent electrode 34 from being grounded and (2)
25  either opens or closes switch 72 to decouple electrode 16 from ground or to ground
electrode 16, respectively. If controller 24 causes the output of network 78 to be
coupled to electrode 36 by causing switch 74 to engage the second output terminal of
switch 74, the controller (1) opens switch 110 that RF and DC grounds electrode 36,
when closed, and (2) either opens or closes switch 71 to decouple electrode 42 from
30  ground or to ground electrode 42, respectively. If controller 24 causes the output of
netwdi'k 78 to be coupled to electrode 42 by causing switch 74 to engage the second
output terminal of switch 74, the controller (1) opens switch 71 to decouple ground

from electrode 42 and (2) either opens or closes switch 110 to decouple electrode 36
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f.espectively. If controller 24 causes the output of network 7%&&&@ ans
coupled to electrode 34 by causing switch 74 to engage the fiigt m@ﬁltﬁé@?
termnal of switch 74, the controller (1) opens switch 69 to prevent

el ect r odeWR0pF/aAI6Iei ng grounded and (2) 25 either opens POT/ES06LRSANI t Ch
72 to decouple electrode 16 fromground or to ground electrode 16,
respectively, If controller 24 causes the output of network 78 to be

coupl ed t o efrenErgmd ergoground sleotigde 3f.respeptively. dfepadrollen?d suivated switchut

term nal of ] : 2. cantraol | er opens. .sw tch 0 t RFE and DC
grounds el ec%féggdﬁé ggﬁﬁﬂwgé n&n:i%g%ch,s yaSHB{’%‘lf)pd;W rﬁgfl\é%ﬁ’é%ﬁ}%?“{? SOBIRYRT ch
71 to decoupl4eactiveies witeheb2d, 70T BAAANOUS Grévent SmBs OOtk oabs £6,732086 9242
respectively. If controller 24 causes the output 'of netwrk 78 to be

coupl ed to chalcre eepnestedyy thewspwiderninals bf nedwosk dfgndlor 78 &osebeing out put
t er m nal 5 of n@_x)\qui 74, the controller (1) opens swtch 71 to decouple
“ground ?ro el'ectrode 42 and (2) either opens or closes swtch 110 to

decoupl e el ect r od¥ightireqtién&PsdukR %MM&W%&@#&@?%@#{%&%@@

fromground or to ground el ectrode’ 36, respectiveli. | f conhtr er

activates swit &4 oniwelseiredeads, {hhatleelegtodss Holanddécurmiifareopsiy, (@3 oplywer t o

t ks 76 8 troll 2 | vat 1 tch Lo 1 72 d 110 t
revent _any Sofis 2y (3 ool 4Sioge 4236 bofh sleles 1835 38 sivdlismceuting
out put t er Mt sedttodes 34N 48GHARRYRuSIE hAT8) bﬁh%cé?W% Hi gh |

frequency source 56, having a frequencyF3, can drive ectrode
16, (2)1®nl yiapkenepwdk. 36, (3) both el ectrodes 16 and 36 sinultaneously,

36 si mul taneous! & fs5e ey WERolbul pERNECKH ditvessslouti el by o g ()

bot h el ect r egeitgGhandudos SWlirfies] dxbai Ao The/mak B/ hRaNe pRRdS nefvﬂfrkﬂﬁféﬁd of

source 56 drives circuitry that 1s identical to the- Circuitry that source

54 drives, dléapociated withsonge 56 /arapredst i bg tund to tewoniaal fiduemty ofl 14

i ated with 56 t to_be tuned h i nal f
of “sour ce Seuss3R b fEpvd | B2 BT HhnrsD teurical tn Yolise® 98 vorEastte A om
source fH, bidckiRe blrasit abll SoRbd TRburdBdlsy Ald SMCTREs, B GHER c&%?ﬁ%gsgé\? Thus,

the output of source. 56 is coupled to three position coaxia tch
116, havi ngcpupled to Geeapasitionicoakial RF switph 161 kavimgfitst, seemdantlithied yutput

ted t . t 112 14 and LLLt 8, ' first d
Cecond out pRE b TIREr AR E minbelRl b otie hvokR L2 o8 AL sl busor s 112
and 114. Thﬁaﬁéﬁfﬂ%ﬂ@@éoﬂd&fd@ﬂ@éﬁﬂﬂﬂs&Hn%ét@d%&@d@@ﬁlpﬁf){e}ﬂaﬁﬁiscifw are 20

D

selectively connected to the input termnals of matching network 112 via
vol t age, networks 112 and 114. The output terminals of switch 116 and splitter 118 are

20  selectively connected to the input terminals of matching network 112 via voltage,
current and phase angle sensor 120, as well as switches 122 and 124, while the second
output terminals of switch 116 and splitter 118 are selectively connected to the input
terminals of matching network 114 via voltage, current and phase angle sensor 126, as
well as switches 128 and 130. Switches 122, 124, 128 and 130 are respectively

25  selectively connected to ground by resistors 131-134, each of which has a value equal
to the output impedance of source 56. Controllers 136 and 138 are respectively
associated with networks 112 and 114, as well as sensors 120 and 126, to control
networks 112 and 114, as well as the frequency of source 56.

Controller 24 activates (1) three position coaxial switch 140 to selectively
30 connecf'the output of network 112 to either electrode 16 or electrode 34 or to neither
electrods 16 or electrode 34, and (2) three position coaxial switch 142 to selectively
connect the output of matching network 114 to either electrode 36 or electrode 42 or

to neither electrode 36 or electrode 42, Controller 24, in conjunction with activation
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the second output termnals of switch 116 and splitter 118 ar

connect edwignebiieadspput term nal s of matching network 1l4pgrgisYédiodéits
current and phase angle sensor 126, as well as switches 128 and 130.

Switches 122, 124, 128 and 130 are respectively 25 selectively connected to
ground by r eef stitches 136-akB142 emtirates switchds 49232 and 41 0 ® pevedt any@ft he out put

i npedance of source 56 Q}(ﬁtrol |l ers 136 and 138 are respectively -
associ at ed welepTodssidr R4 3p1or 42 whichare gannggter to thecontausterminals 96 getmrgks 1 o

Cont ol 1 er 23780 {EF SRRt ool o PRl sl Ecfin S 8 cituiery

sel ectivel y as3Bciatednedh séuree S4it put of network 112 to either el ectrode 16 or
el ectrode 34 or to neither electrode 16 or electrode 34, and (2) three

posi tiondcoaxi al SenireHernbagiiyates the varausypwitchespidiiswse tourpvide greatmt chi ng

36 or ol cct r S S BEbhEfSuiaRhn i birdbRis BF el HGLEREIm SRS 0 5
FEB 2&7 WO 2@{abdavBoasplitdth ledRdé 0@, 42536 aid 52V FGNRambIS tREdw dfadi

L ium
activates swtches 69,72 and 110 to prevent any of electrodes 16, 34, 36

or 42 whi ch andhighirrqueraies of soutnes §3: Phiend 86 pambe sivwitapgaugbyrapplied i® and 114

associ at od oPeHRek 1o BRUE SRR, 31 Rof 130 oLETRGE L By eSSttt
of Figune 2 42 Dhdy Meseifanstaess WiffbrehtpdrAond 6F tHabhpp atithiofald ons and
permutati ons of the several frequencies that can be applied to el ectrodes

16, 34, 36 afraquenciesof seyraerpid S4tand J608shunied torgroumdiinplasms confirenwings of
sources 52, 54.a 56 ca o .sinult aneousl v .appl,i ed el ectrode 1 | |l e
swi t ches 69, reﬁon;ﬁd‘s ffﬁs"gtr ‘gtee&?%’g‘é gtefdgc‘)d’ﬂjgﬂé &O&P %‘8?%95%3&? '@i,ﬁe ?@“&ﬁ«?"%’%&g
Under these gf éleatitiled 3836 all 4. cTROhmBRAL dfErgyfat mmgﬂznﬁ&s PRGY &id t he
frequenci es of sources 52, 54 and 56 is shuntéd to groua in plasm

confi nenment F3 eeipled &ompeleciradeshdl to thé grsiuad potential af o4 BHPO and2 is a

| ect 16.t0,.th d t ial ..of. electrod 4. 3 d 42.
arount 57 en@rgioner EOTHE Rttt ftoriatée iR Bt ihe fred Badogics: Gt
el ectrode 16disRnbdBetd/ceh BR-ROIRNG Aid 3Y, Q t86 HisREBS bévedR efRftodes 165arfl 34

function of (1) the wavel ength associ at with each of the three
frequenci es, afd(@) theedistdnen batweerbeleoksades S6amt Mdd dhe istanves Botwees thd various

di st ance between el ectrode 6 .and 34, nd (4 he dj, st ance. between
el ectrodes S%ODSWHWS Of%gecgf)éﬁalﬂtcg?n%@f ﬁ@@??cg’ﬁéob%‘ﬁ% geepiehy Rithions of
el ectrodes i&eqhraERand b9 niit6r £0MeePhli£d by the geonetry of the electrodes

and by notor 47, inter alia.
20 A second exemplary situation involves applying the low and medium

current and phase angl e sensor 120, as well as switches 122 anﬁ émmﬁﬁfy

——

frequencies to bottom electrode 16, while applying the high frequency to top electrode
36, while grounding electrodes 34 and 42 and closing switch 65 'so a low impedance =~
pathis provided through bandpass filter 67 for only the low frequency from electrode
36 to ground. In addition, switches 96 and 142 are activated to connect electrode 36
25  to the output terminal of network 78 and the input terminal of network 78 to ground
through resistor 100, resulting in a low impedance path to ground through network 78
from electrode 36 for the mid-frequency of source 54. Because of the high frequency
of source 56 and relatively close spacing between electrodes 36 and 42, the electric
field at the high frequency has a tendency to remain primarily in the upper portion of
30  region 8 to provide a relatively large electric field density for dissociation purposes to
the gas flowing from source 37 into region 8. The electric field at the high frequency
- does not have a téndency to be coupled to electrode 16 because there is no low

impedance path at the high frequency from electrode 16 to ground. Networks 58 and
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20 A second exenplary situation involves applying the | ow and nedi um
frequencies to bottom el ectrode 16, while applying the high fr@@u?’ﬁgyg%@e
“top electrode 36, while grounding el ectrodes 34 and 42 and cl osing sftch
65 so a | oWORgesM2Rée: path is provided through bandpass f} 7for only
the I ow frequency fromelectrode 36 to ground. In additi o%‘%*/gs\nzo?@?n{é’gé“96
and 142 are activated to connect electrode 36 25 to the output term nal of

network 78 and6 eiveffeniiutly bendpassefiltat fvethvhuvk and@adeRivgti nclddtRH9 gEteSi stor
' ath to ground through network from

100, resulting in,a |oyw. inpedance

el ectrode 36 %erﬂf ﬂ%tlllﬁﬁcﬂl‘f?eéﬂﬁ’é%&ﬁ@ﬁ“&mﬂtﬁ’eﬂ@ﬁ afd daumwe athighhienftidahce 1o
frequency ofthgqﬁgﬁ:ﬁ- | l.ose cin et ween el ectrodes 36
*and 42, the el ectTli cc@f@fl%legeﬁafdrﬁggﬁ%‘%ﬁgfi?cé’d@%ﬁg?h%st?%uﬁmwl@@%mi n
primarily in lhe upper portion of 30 region 8 to provide a relatively |arge

electric field dengity for dissociation purposes to the gas flowi ng from
“source 37 into re njgast o, theglectrie figldrassdciated withdigh freqicneg BN clddfs not

have a tende . _ | ectr .16 because there is no.l ow
i npedance pa?tﬁéI g%&to E%tdﬁﬁg}g{ ﬁl(réeﬂc’]ﬁeﬁe@}‘e?cfygﬁe UG oreExiends drogn slegmodents toor ks
58 and 14 3 Y1JelectBmleFAB(2) eldordda g and\@)?éi&%%gﬁ_z%ggg% Oé{noz?mes 76

I medirumtTr uer?@@tsthat

are effectiv bandpass filters for the | ow an

o S oroy ol desomriatprtaa (B0 OO e 2 g

“hilgh i npedan : ency. met wor ks 58 an ecoupl e the hig

frequency f rc%?r?‘selfaéc(%;rh%gﬂ;e %tﬁgg#eﬁg'&oqﬁﬁﬁ%‘?c’?@dtw g’P‘B@PPYEIfaf@PE ion

associ atléd wienbrghitlyougirone 8.F3, the electric field associated with the
ghiong regivay.

| ow frequency Fl &thgsi)urg:e 52 extends fromelectrode 16 to (1) electrode
34; _ (2) el ectrode S sh facdy aggogtatedowith ar:diiFh dreqesicl F2ng s6tfce SAtexinds
frequency Fl phifhagh ws, t hr t he | ow i npedance path of filter
67 to groung. mﬁggé%ﬁ%@,ﬁe?hgo Sﬁg?fqgﬁﬁmegﬁ&wﬁqumﬁm adgeamcy
FI affects i extefitoeicetigie 42\ ThgRRukine ARk £ lf@ﬁ'} ri i.e ssoci at ed
wi t h nedi um f,reqyency F2 of_ source 5? extenﬁs e-&g%cﬁarl fie%ﬁ%?égéﬁwsode 16
to el ect r ode"3VEHEe @Y impadanee path of nefwr8d8 tagund via dveifhes 108 54L& ah

el ectroglg 42k 10gsul ting current at frequency F2 in el ectrode 36 flows

t hrough the | ow i npedance path of network 78 to ground-via swtches 108 and

96 and 15 resi stmmﬁmexerﬂpm@maaes@mwexaﬁﬁlgié@tldégg,r% g.%{cﬁ}gvmamgppl ying the

| ow and rrediﬁm frequencies to bottomelectto dfum frequency
to top el ectittfndgsto bottom electrode 16 and the medium frequency to top electrode 36

while grounding elecirodes 34 and 42 and closing switch 65 so a low impedance path

is provided for only the low frequency from electrode 36 to ground through bandpass

S

20  filter 67. Thereby, the low frequency of source 52 is coupled to the plasma in region 8
in the same manner as described supra for the second exemplary situation. The high
frequency of source 56 is not a factor for the third exemplary situation because
controller 24 canses switches 140 and 142 1o engage the open circuited terminals
thereof. The medium frequency of source 54 is coupled to electrodes 16 and 36 by

25 _ virtue of switch 74 engaging its third output terminal so that splitter 80 is responsive
to power from source 54. Controller 24 activates switches 106 and 108 so that the

outputs of networks 76 and 78 respectively drive electrodes16 and 36. Consequently,
electric fields at the medium frequency are coupled between (1) electrodes 16 and 36,
| (2) electrodes 16 and 34, and (3) electrodes 36 and 42. As a result, electric fields at
30 the mec;ium ﬁequeﬁcy affect ion energy, plasma density and molecular dissociation
-throughout region 8.
| A fourth exemplary situation involves applying the low frequency to electrode
16 and the medium and high ﬁequgncies to electrode 36, while electrodes 34 and 42
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whi | e groundi ng el ectrodes 34 and 42 and closing swtch 65 so a%? o 27 )
| npedance path is provided for only the | ow frequency from el eetrodé 36'to

ground through bandpass 20 filter 67. Thereby, the |ow'fr y of sourte
52 i s cows) 24502262he plasma in region 8 in the sane nanﬁg'?}‘@g&%@g%r“'?bed

supra for the second exenplary situation. The high frequency of source 56
Is not a factor foy .the third exenpla ftuatio tyrel 24
causes SW t@ﬁ&“%daaﬂﬂ%ﬁ?woﬁﬂgg’é@i%@ 8per ke’(f“irtriiuE | Eeg t%%?ﬁﬁnlallgstb%e

thereof. Th LU &ﬁ?&; A q08 2hd 1192 66 @R Gdlplitieahialyofdesvdrk and
36 by 25 wrgetc@ggp%\[}mﬁgc %y(ggé"égi ng its third out%ﬁ%J term nal so that

splitter 807%and ¢sansionmectedtpaeeroder3dn{Howitcbesdd ambhie so edpPdld act i vat es
switches 106 and 108 so that the outputs of ne rks.76
respecti vel ?WQ%O%F@WPFIBE%%?@OQHW to S&ﬁ?ed(}u zﬁ?ﬁwv?chese}%ég?gg?q %8s at
t he medi.um fr ene Bh&rt and 140
l=U fg’%g u.."\(a]é‘gﬁg&%gl gﬂeﬁét&gﬁ&t&dﬁb 1&6,‘2\?‘-’) sWitchest 14)

electroaes nd 34, ctrodes 36 and 42.' aresult, electric
fields at 3o tHcoutpst tumiba@fasorks T@etd 1 kharmespgytively semectisiioiclsptrgde

Vol vee. aphbnigpehetvuid msdamioie 1 w174 no e i NerhRudl deabivedts, "
hi gh frequet}giee?ﬁ 6@2 Gg% ;@%ﬁ%@ téagmuﬁ/&kﬁxs d?éais'i&éea add 1300redpectivslyd VO

2005/ 022623 e groun In this situation, controller

24 acti vat egohtdquenily.ahefow frequshey bf séurces®? haseclomdimpesiantapath fiver eof , (2) -
swi tches 108 and 142 so the output termg&Iﬁ O{Sggtﬁt?rk 78 d 114_.are
connectléd t elesirede 36 & grwnd thypugh bandpass falier §y & SeARERRARSOPES P hal s of

netvork 78 arg sgomesh et LnIgH e die biths Sl cldeRod2f gkl 284l he 5

I nput terni AR connected to sensor 126, (5) sw tches

106 and 140 redult, itdoRUiiRjlentyesfsonnless 205 coapled ke phasmmmliniregiorn8an the same
respectively connected to electrode 16 and gpen.cir.cuited,.

6
swi t ches 86 rasmuen axdeseribersupsb for thesagpnd pxeraplary g Loy "E’r%’n )pélﬂ‘g

connected to_grund.throu [ 8S] oV 6.
Consequent | f?&%ﬂ%@h@u@%ﬁgkpé%ﬁ&?ggﬁsa | o%tr?pcg%%fr?gg 3pétt h from
10 el ecty odQhéﬂéemog%@mmm@ug’egi@ar&ipa@};elbbﬂmh1€6t?), ground thneugh madwerici es

of sources 54 and 56 do not have such | ow i&)edance pat hs fr el ectrode

36 to grounds, switeh 86 and resisterif and(2} eleiRidnd? QrereRfl CLORBAPN,, n) ed t o
the plasma in regiqn, 8. in | | MeT)
secogd exeﬁ%?@&&qtelfg coﬁft’lﬁg%t\?vﬁlgﬁlpe an?%h%%t& S ég(ﬂie t fsrsom tﬁﬁee%ﬁt:r%ﬁs

term nal s of3gn@ld, ks ¥211tad betwan etictrofiesl (Bartd 3@ | As trexidt, BGre SPrivhanice
through the plasma in region 8 to (1) electrode .16 to §rﬁund thr&ug%h "
network 76 costat efiogdistibutioadndheppres parien ofregipa & a3 Well 5 aprgsy g ypter

Conseq i) tl >i::’ortit:)n of region 8 between electrodes 16 and 36. The only low impedance path for
the high frequency of source 56 for this situation is between electrodes 36 and 42.
There is no low impedance path between electrodes 16 and 36 for the high frequency

.of source 56 because electrode 16 is decoupled from the output terminals of network
112 by virtue of switch 140 being open circuited. The spacing between electrodes 36

25  and 34 for the high ﬁ'equem;y of source 56 is such that the impedance for the high
frequency through the plasma between electrodes 34 and 36 is substantially greater
than the impedance between electrodes 36 and 42. Consequently, the high frequency
of source 56 affects the plasma in region 8 in the same manner as described supra for
the second exemplary situation.

30 _ In a fifth exemplary situation, the low and medium frequencies of sources 52
and 5:1 are applied to bottom electrode 16, while each of electrodes 34, 36 and 42 is
grounded. To this end, controller 24 activates switch 106 to connect the output of

network 76 to electrode 16, while closing each of switches and 69, 71 and 110. The
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substantial electric fields at the nmedium frequency are in region 8 between
electrodes 36 and 42, as well as between el ectrodes 16 and 36. {4 B 2007
result, there is primary ~control of ion distribution in the upper portion
of regi onW® 208%022633) s across the center 20 portion of PEFEIVB/FE0Rcen
el ectrodes 16 and 36. The only | ow i npedance path for the high frequency

f 56 f this. si i i | 6 d.42.. Th i
no Tow - i mpcRlaE i reBien A bR O et e L g ratis LeaRgHfe i sPRERtency
of source S565DEESIER Bk 85ME WG 28 BedcsibO® fiRURS Bty hh@Metifith bick @ theal s of

network 112 by virtue of sw fch 140 being open circuited. e spacl ng
bet ween el eclirsbeiesndary2Stuation. 3thd plasmhdin deipin & isemb effestedby thetdglefiBgudngysuch
" that the inpedance the high frequenc hrough the pl asna bet ween

el ect rodes SQH’H"”%%’EW&HW&? %@*@5@%&@? m’f‘gmﬂétyis%%t:e bet ween
. el ectrodes 36 andpfgn Uehationk WnbbMEE 74 SHMRRRY d:8VafiO SRitcHEs of
affects the plasma I n region In the sanme manner as descri bed supra Por
t he second ekignsel 2as0yorliytihmlomofrequizficy of saufdef 32his ewangtal tp efdctrodé L6and t he | ow

and nedi um f requenci es ‘ﬁf sources 52 11 agd 54 are a;i)%io d to bottom
el ect rode 16REHRRT JOMIER 4, DOk SOUTGEG 1 grnegted ta gny afjthes oJAdBeRaTo this

end, control et ' s S6hc %}Fe;&t - pet.ywor k
76 to el ect r%ﬁ%ﬂ%@%%}?%ﬂ%%é%g ea%gﬁt)) S‘\%Iiyt c eél Oﬁﬁzeg%% %;élwa{lkglé%%&DThe
16 p FEB 2U ¥sonewiid pHinfifiee hakaek! AISARIVEYY? beiifollep R4 samcommericthe ontphit b

t her eby _af f ected he | ow a | um frequencies of sources 52 and_54 in
t he samlﬁlwayEI T %%‘ttﬁiogéﬁmf’ﬁ?g‘ld ?RF? ag}{@? frades 16 4 fooredl- iinr exampls, j st
exenpl ary sij [ : ' ' ' Lgh
Freauency o ey 8 Resifiie ) ARER: 8 b ARcRy Of (aocSd Vebhh dicdcdfs 16
exenpl ary si#nd#6| while sotupling the mediemfiequencyg iof vatirce 5$ betwash elcirodes?s aah
control the various swtches of Figure 2 so only ‘the |ow frequency of
source 52 i % dRsw '%8“'[‘%1081'@&@é‘ﬂ‘éﬂg@%é’ﬁﬁ‘sﬂ@l‘@%@s’@u%@GMW)source 56

s _connect iy @il Rlnds9, 84 & SOARPewildheS YFE 128 Bla14BO ML ofiffi ! | €T 24

cl oses switc anber processes t piece in ~a sonewhat
primti Ve nemonmes SAhheS6ats respectively applidd terinpidt texminale ofigetvoilhe? OatidoLE4,0f 10
ei ther or bo_sp of sourceE 54 ang 53_ to any of electrodes 16, 34, 36 or 42.
For exanpl e,3) 3qiivaies switghes } 14 sp Sheprirets of meigyerks BerchblA 88 source 56

bet ween el eciadess diedtide 36, (I RGIUAChE0I IO BELIILIS 480y O

source 54 between e eé?ro es 3 n such a situation, controller 24
(1) opens sinpedmse path ffam eléttradel 34 dgro(ad thresgh nettverk Bo\rndieestor 94 94 and
96 and sw tf}ges 16, 128 and_130 %? thg ut puts of, 15 sour cgs 54 and 56 are
respect i vel yreEstivayfreguensy of squesyh and (Vrackzatas prifches 140 and 124 so there is

activatgp sy b Epeddteath 46m SQtbi 16 Q:Wilﬁd ﬁ;roﬂgﬁ BT 1 Aifredidthrar ©

132 for the high frequency of source 56. Consequently, electric fields are established
in region 8 for (1) only the high frequency of source 56 between electrodes 16 and 36

and (2) only the medium frequency of source 54 between electrodes 34 and 36.
Because there is no low impedance path to ground from electrode 16 for the medium

25  frequency of source 54 there is no substantial electric field established in region 8
between electrodes 16 and 36 for the medium frequency. Because there is no low
impedance path to ground from electrode 34 for the high frequency of source 56, there
is no substantial electric field for the high frequency established in region 8 between
electrodes 34 and 36. It' is also to be understood that suitable bandpass filter circuitry

30 similarlto that described and illustrated can be employed for i)roviding alow
impedéﬁce path between electrodes 36 and 42 only for the high frequency of source
56.
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connected to el ectrode 36, (4) activates switches 106 and 86 s&ghﬂgdé@ a
| ow i npedance path fromelectrode 34 to ground through networ al ?

resi stor @b ig0s/02dsBe nmedi um frequency of source 54, and (PpeTASLIMALES
switches 140 and 124 so there is 20 a | ow i npedance path from el ectrode 16

to ground through network 112 and resistor 132 for the high frequency of
source 56. ConseqRefireyce 8lnootmade fo Fgve asfthe diavihg,svellematic dingram oBaf or
(1) only the high frequency of source 56 between el ectrodes 16,_and 36 and
(2) only theseeens G ertf ghambarol§: ctheumbpdiment pidiigee digstmiar tgthe 36.

odh um 25 1 r Spasgnt PERE g % b odi o AN PR B BB Ve

medi um 25 fréquency o ere 1s no su

est abl i shed pRsihagoffinémeltaepiet thalekhiotochakben#dilIQ dndrbak&e9medi um
frequency. Because there is no low inpedance path to ground from el ectrode

34 for tRe hCgnsaquentlinribg cmbodiment of Bigure hdees not inclededopuers ddiand the ectri c
field for the_high f.r established.in.;LegLo0 e | ect.r odes 34
and 96, 1t 1 Sreapds of S HSHRtpREpie Prpict BIEr A SRR e PSR C v
30 simlar tgrdsit caREST fob9tcrintphinp 95 tThalRHrCHItdME LREWIFAYRS ik 40 1tRY sidé g
a low inpedance path between el ectrodes 36 and 42 only for the@hlgh £406

frequency of wallwicing Bandithe dntgrimpmriacoof side setid2cee alk Zrevariedan

Ref [ de to,Fi f the d | h hc di f
second enbodPHE? BF bohise P G plate colotmibh i ln i SEBadfadnt PEFRTK .
the entidi MBNtroGfreti¢hmical botitarhRtigRTBY hd WRImOEE HiylbF Be Bohos Mcdbich

| arger volunme pllasma confinenent region that extends to chanber wall 12

and base 19. n@tabsinget dhn sige wal of cing 33iondhs inggriorisgdfacs of siewalidg, alhef ude
| 44 apd th f the, pl i ng. wor kpi ece. 18 i

control | ed oRERt SIS SER caysralyvith platee 100 tatila TaR oS PicRly SORAYGHS & he
entire bottofefdtifc Riate?l Fuch h'fhtrdbic {iliford AR do¥Phdt cRhtdmifficIhe ANGnikh of

interior surface of side wall 12 are all grounded and define parts of the
boundary of theplpimasinaregionf 8. nBenanse sidgivall 12ris parg of thegpdasmanconfinefiegtiregiony 3.

of "mot@P i HooRGTARERtRS FIEF Sole et sidh N aFis OB of 'si de

wal | 12, al | nfafner! Si@3i8r fHhbAIRSHBERTOF BHREA G tickhodd AsanbhY FREe of an
el ectrically conductive or dielectric material, such as“intrinsic silicon,

t hat does notmbodipzemt ofFigurdit. chenmistry of the plasma in region 8. Because
side wall 12 is pagrt of the plasma, canfinepent region 15 in.the enhadi nent -
of Figure 3. the dbmsletedruidhe PREcGRis RS Sapwoneid t Al i ner
simlar to thafudRiE anlEnirMledRtcsibel suptaSAlcoRRRLBA SR uid 1l dhdi21CThe

20  electric fields in the chamber of Figure 3 differ considerably from the electric fields in

the chamber of Figure 1 because of the large volume and complex shape of the plasma

- confinement region in the Figure 3 embodiment. However, the electric field effects
on the plasma are somewhat similar in the embodiment of Figure 3 to those described
in connection with the embodiment of Figures 1 and 2.

25 FIG.’s 9A and 9B illusirate a computer system 800, which is suitable for
implementing a controller 24 used in embodiments of the present invention. FIG. 9A
shows one possible physical form of the computer system. Of course, the computer
system may have many physical forms ranging from an integrated circuit, a printed
circuit board, and a small handheld device up to a huge super computer. Computer

30  system 800 includes a monitor 802, a display 804, a housing 806, a disk drive 808, a
keybdérd 810, and a mouse 812. Disk 814 is a computer-readable medium used to

transfer data to and from computer system 800.
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1

enbodi ment of Fi gure 1. The electrodes in the enbodi nent of Figure 3 are
responsive to several RF frequencies and controlled as descri bed 8tk A7

" connection with Figures 1 and 2. The 20 electric fields in the chanber of

Fi gure 3 dWO 2005022623 derably fromthe electric fields in tﬂﬁ,ﬁ 1P6ss .8
Figure 1 because of the large volunme and conpl ex shape of the plasna
confinenent region in the Figure 3 enbodi nent. However, the electric field

effects on the pFE3/9B isme esamplehefia slocki diagraid ok BSmBHRP S<iGR 308/ AFE{'aE 3
to those descyibed in,&égnnect,i_on with the enbgdi magt gf Fi gtgpg's aﬁé 2.
25 FIG's 9A 9ysieR bus&0is amidevasiaty of mbsgserns nPioocsson(b) 832 (aisozefdraidlte f or
i mpl ementing g : 4 nhodi s of the present _.invention.
‘FIG 9A shows (ﬁie}%{)tglgéﬁﬁglpg pHygfjggI%S? %ﬁerﬁog?rﬁeeak%ﬁeﬁﬁﬁ weess yagluding apemory
course, the c8HpiMemorys§HtianhiieyrinduR JFBE RN 'gﬂ'hlvi-)ﬂdﬂﬁ 04 LAm an
I ntegrated cifd ' Lo.a. riﬁicgd circuit board, ‘g-sr: | a smal | e%‘ﬁ%%ﬁ&'a i ce
*up to a hlge "'éﬁﬁ%ﬂf’ OV i theaart, ROM\astsdmb@ogler dath and isauotons @ii- 802,
a display 8044 &4 i S6fu Lok . drive 808 keyboard 810, and a
mouse 812. D%ﬁég 4 |staghcorrpu é‘%‘f‘ﬁ‘aﬁé‘ﬁ?‘&ﬁ%ﬂ&?ﬂ%ﬁé& ta aydyinstraetionstia t o
and from conpubiedireslicha m#ner. B&th of thest tyed fac ‘ .

PCTI US2004/ 025406 FIG ‘9B is an exa_sl e of Ogﬁglﬁlg%g%ggé%%&?%?y%%!ﬁ%ﬁ
syst em 800. ADE SemBYfer-fegdable mediadescabal below. W ficedutisk 826/ isailscsedupyd 1§05 .
Priocessor (s) 24k gfﬁ £8 to .Aas tral, processing units or CPUs)
are couglldgd t(%?%?é)rageo eV|%%%?tW?&%ﬁﬁ‘i%g?@iﬂﬁémgﬁcﬁﬁwwmyml udes
random es dncladoany dfffieompreter-aadanlb hyedibde HeBW wi - | _known
in the art, R@ﬁ?&(\:ﬁts_to transfgr data and ins%l?bue?tlons' gﬁ@?dﬁ%fn&?&ﬁ y
to the CPU altiSRIRTIoE Pragame. dsia; and fhe like andiis hpicallynacendarystorags nh@igmi N
a bi-directi : e -of . these t s of nmempri may i nclude any
sui tabl e of Q@ﬁég a%%%%‘?@%e‘%dg Pé""ﬁi‘&ﬁ“&yrgﬁ“% Fﬁ"Baeg&[TE@r'ﬁlsAPe apmrsiaigddhatk 826

is al so coupltwinlﬁirmadbne&tﬁh&nﬁﬂiihﬁaﬁﬁecﬂﬁibk@@@ma?}inrﬁgﬁf@gﬁﬁ{% &fdl pkonal data
storage capacity and may also 10 include any of” the cOnputer-readabl e nmedia
descri bed befRfRParptzd in Haudard fashinmassartual seundry s memerp 824)r Removaltk diskand

the |ikgsgandgi | con storage pedium, (such as a hard disk)
that is sl omgaaﬁ%ﬁé%ﬁpﬁgor@ ‘itteo a°33‘5g?‘tmwt e ‘g‘% ideperibedhelows he

i nformation ret ailCFEHRM islalss chipsled t6 b S4ri&6f iBuRRA R L S§sy be
I ncor por at edﬁ'gn st andard fashi?c‘)lgdas Vi rE&gaI i%ﬁ%ﬁ“g“. n rlr%’oérl@ilgi?fspﬁ?é'mvabl e
di sk 15 814 {3 keureard REO.mankse 812 and speakeis@300 ipgdreraly apipht/outpetisvice

described bepQWhe any of: video displays, track balls, mice, keyboards, microphones, touch-
- sensitive displays, transducer card readers, magnetic or papér tape readers, tablets,
- | 20 styluses, voice or handwriting recognizers, biometrics readers, or other computers.
CPU 822 optionally may be coupled to another computer or telecommunications
network using network interface 840. With such a network inferface, if is
' confemplated that the CPU might receive information from the network, or might
output information to the network in the course of performing the above-described
25  method steps. Furthermore, method embodiments of the present invention may
execute solely upon CPU 822 or may execute over a network such as the Intermet n
conjunction with a remote CPU that shares a portion of the processing.
In addition, embodiments of the present inverition further relate to computer
storage products with a computer-readable medium that have computer cade thereon
30 for performing various computer-implemented operations. The media and computer
code may be those specially designed and constructed for the purposes of the present
Invention, or they may be of the kind well known and available to those having skill in

| the computer software arts. Examples of computer-readable media include, but are not
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CPU 822 is also coupled to a variety of input/output devices, SéChr%z’h“
di splay 804, keyboard 810, nobuse 812 and speakers 830. In gene dl £ z‘ﬁ@}?

i nput / out put i may be any of: video displays, trac o B
keyboar ds‘?’ﬁrﬁogﬁ?ﬁgﬁnes, touch- sensitive displays, trans&f?@bg@a‘)’#@sﬁ‘g‘ader S,
magneti c ‘or paper tape readers, tablets, 20 styluses, voice or handwiting

recogni zer s, 1 hi QIR Eﬁa%% iEAR8IaSuckbs i iSks, ahdbhaSAdtiOnhe;
may be coupl e hto ano gﬁl@?gngut(e:r og&?gmel%mmatﬁ ons a%gtwor ﬁﬁﬁg}/
net wor k i nt enédia sudvas CINROMumid lmloghphic devines niapaeto-dptidcabmedmranehps at ed

that the CPU m ght receive inforpation fromthe netwark, or mght. output
i nf or mati on ﬂ??t’l%ﬁjedlﬁ]é‘{i\%ﬂ%aﬁdg"am CeRstha ane %F@&ﬁ?ﬁ%ﬁ“ieﬂé°§5’6 Bt ed
25 met hod st Furth ' | Lon
oy execut droRea (odes ST ppb SR p BTSN Glenl ARG BERE O

| nt er net5 i n logienjesives (PLDY) dod RONeamadt RAVPUHeVibe Exlapis of cpmiptitepnodd t he
processing. In addition, enbodjnents of the present invention further

relate to cohpudemachingcade syebatpioducid by acempilen and flesaplasupg Bighet t hat
have conput gt [ ‘ I ' ' o] o nt ed
oper ati ons. e]ﬁéei%gg%hgﬁgﬁ%& (%%%%E’gra Uggfa’gl?é;rra%y@% %hq%ge%%cﬁﬁp?%éé%ﬁg and
construct ed thediahitf 4156 bOc@fpEttr ddie tRheRMd by Dvafputendatasignibsmbadied s of
the kind well known and avail able to those having skill in the conputer .
sof tware ar t%@arxszrawm@l@epmsm\geﬂrseq@mmfmg@ﬁ thet ygexepablapy anot 19
08 FEB@OO? %& §0r05/ 022623 PCT/ 1JS20041025406 linmted to: magnetic nedia
such as hard ss%,‘ fl oppy disks, and magnetic tape; optical nedia such as
CD- ROMs and hol ogre®hi is adfiyh kRel flewehnsat of @ pidces useR th an shibbdigent b et | cal

di sks; and hardware devices that are specially confl‘%;red to store and

execut e pr dgventione gk subsitete with ap ptchdayer ond 8 geaskfover thgwedeh layerds placedin 8
ASI Cs) , le 5 i ' PL j ces.
Exanpt es bf BT ERpne (s 40ef T SRetrsshRnp@Na bR HNE FallbERu °0C

conpi | er,  anguétidiesircPIG. ai MIdTFIGHB gWRich id gbieko Eﬁ&metmlabo%eaﬁatmt gedy a
conput er usi n{gf an i hterpreter. Conputer readable nedia may al so be

conput ek3 codbilfereat faquansiesisimultanganaly. oFIG sxAniss sphamatierprags-sectional wewnfrg er

10" pr ocessorubgie 708 AR Bre 1t 30 bR RlshPE Byl tic B a2 A Ve ©
enbodi ment  qffadedeThé HASK hidbdtial fhat HESlo R fchididan 38 efthepHAYREisP B varidEs K
over. the etch layer is placed in a rocess chanber (step 404). The process

chanber may PhBUChHRun 0ad57 nm) ot diffarent hardrmask mategials (RBQ@olg; whi ch
is able to %El?c\gn?’f‘itaRﬁ:iu&oﬂﬁ{-idg%tc%t | east three :

20 An etchant gas is provided to the process chamber (step 408). The etchant gas

may be a conventional etchant gas. A first etch step is provided with a first frequency,
a second frequency different from the first frequency, and a third frequency different -
from the first and second frequencies, where the first etch etches a feature in the
dielectric layer to a first depth (step 412). FIG. 5B is a schematic cross-sectional view
25 of the substrate 504 with the etch layer 508, after a feature 516 has been etched in the
etch layer 508 to a first depth 520. The power settings for the RF sources are
optimized to etch to the first depth producing the aspect ratio of the feature width to
the feature depth. In an example, the first frequency is at a first power, the second
frequency is at a second power, and the third frequency is at a third power, where the
30  atleast the first power and the third power are greater than zero and where the first
etch e;ches a feature in the dielectric layer to a first depth.
A second etch step is provided at a different power than the first step, where

the second etch etches the feature in the dielectric layer to a second depth greater than
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15 di-f f.erent frequencr essi nul t aneousl y. FI.G - 5A i s-a schemati.c F
ross- sectlenal View of a substrate 504 with. a layer 508 -that: Igaﬁs %ﬁg@ﬂ?
3 over: h-a. mask 512 has-been " pl aced.’ ‘The nask mat eri al -t hat has.
0 ‘be etch@'@iﬂaﬁﬂzéz:mther phot oresi st of various types (P‘?.‘l%z 25_3(']%3

ol 157 nm or-. di’ fferent hardmask materi al's (e.@.- poly- siticon, - T.tan um "

'f.-;Nrtrrde etc.) .20 , provrded to thé process: chamber (step
408)." The et dﬂharﬁr_:‘ é) _g__'_fj@eamsdmrmmmmecemv&vtbfetasﬁsﬁﬁtétep
i's provided ] a.'second “frequency. different.fromthe. -

“first frequency; e&%@’ﬁ’&? W?é?@h@sbqqﬁcﬂw&ddenther@thhydr s@gond
frequencr €s, tm/fa,&é@)ﬂ(ﬁ@ <4 di c layer
‘to a first: depth (step: 412) FIG. 5815 & sJ ’fp;]@g‘l_,&é‘ g’%f’i@ﬁiﬂf’l view 25 -

—of the subst @m%%w%@e%ﬁomyeﬁr@ﬁ%th&éﬂﬁse@oﬁ& ? ﬁ been
etched ing 5‘51 t;!;i -5 _.;8i';_tQ @tfl rst-depth.520, - The povier. ‘_-e_tt °ngs for
‘the RF sources a %{ Fhf G ga Qch-sTOGprtllm_'_ it ft&elaingvehe ‘

aspect - ratloeﬁﬁm Eetﬁbe Fognarsad . at epth.: .l n an’ exanpl e, the
first frequenc |s at” %?rr t g"}{/\é/eatrfgf?l- Jevg%nlg‘r'ift?‘g -6%&3”5 &cond .

“power, and t mwelevemmhgmmqummwam wteherf . Whe te%hﬁea“
ere

:the first .pow r.a-_

"ugi:the third.. ower .are.greater.than zero and

first etch"é - ﬁ&ﬁﬁmp EIg¢ P’ﬁf@ﬂﬂdﬁbﬁﬁﬂbmmtssgrestelsﬂian A
“'second etch gémddswﬁgrg\y gg‘- erpn FPouer <the first-step, -
"where the second etch: etches t eat u‘t“é“l nga%gt ?‘E”‘Fé&?é GIPB a

second d€pt: he@l@awﬁleﬁmﬂhpo@erﬂﬂﬁli&iﬂﬁﬂﬂ ovﬁern&béfﬁ %q@ach'é%]&zs ﬁ‘)o%vr’é{

-PCT/ bS2001/ 025306.. .t he fi. ._st-;.d th. (step 41() EQ B5Cis .a:sc e :
."cross- secti onar e\‘ﬁ?gtﬁsﬁf"”% tﬂrthtéeamsem F!wlmcéa)ehtday&pnﬁaepﬂlafter
“the feature. ehq,smt{ﬁ g ‘d En-the etch, Iayer 508+ t.0 a-second-depth .

524 deeper t the' first depth The power setti ngs for’ the RF“Sources _are -

-",-optr mzeéed to etchHﬂmﬂtdtMép:sqﬁmd&@Mtatdaﬁ&fwf &r‘tﬁa‘dﬁﬁt Qlﬁﬁl- the 5:
width.-to-the feat%@g depth To £nt|r{§u%evmth ‘

aspect ratlo of e

‘the above ‘g‘ tH??WF%@G%@W%]%’Pf@&'ibuﬂtdepﬂmneateﬂhmthethe
second ﬂﬁequgag,yd f trth-p and the:thjrd f uency i s at
a si xth power" levgéptﬁr(ﬂ@ 4“3 Hgi %%%é&%%ﬁhfﬁ?#&ﬁﬁtﬂmwswg "ph‘%@f% s
‘greater thanSQ4ewish dheetch baybi soa; aﬁﬁWﬁé fdabur@ 526 h8s bédhadichelSh e ia y%%% '
condition is;: se%“étde Wd{ﬁw@t hetg@ up.cof the. first power not bei-ng al
o the fourt® R °peiithan the fegond depthe i Thy pouteaisettings foe tisd REh pover |
wher ei n- the SORERE dr ﬁtﬂﬂﬁ&&%@étct%ﬂsﬁtﬁ%g&?ﬁdhepthqe dlf%lr?i(iitepthcprog c%g}:h% a -

‘second depth ‘gteater than the first
- réquired aspect ratlo of the feature width to the feature depth. To contmue the above

)
; 20 - example, the first ﬁ'equency isata seventh power level, the second frequency is at a

eighth power level, and the third frequency is at a mnth power level, where at least
k two of the seventb., elghth, and nmth powers are greater than zero and where a
condition is selected from the group of the seventh power not being equal to the t‘ourth
power, the eighth power not being equal to the fifth power, and the ninth power not
25 - being equal to the sixth power, wherein the third etch etches the feature in the
dielectric Iayer to a third depth greater than the second depth. The high aspect ratio
contact etching is not necessarily limited to only 3 steps. ‘As the control of the HAR
etch is required, more or less number of steps can be used in order to control the
profile along the etch process.
30 F or high aspect ratio contacts HARC, as a contact is etched deeper, etching
mechanisms change. For example, as the etch depth increases, the etch rate decreases.
In addition, bowing may increase and efch selectivity to the mask may decrease. The

use of at least three frequencies and changing the power of these frequencies as the
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the third etch etches the feature in the dielectric |ayer to a J
greater than the 15 second depth (step 416). FIG 5D is 1

cross- sedYQIMN0223\y of the substrate 504 with the etch%’l:ayer' E‘B % ter
the feature 516 has been etched in the etch layer 508 to a third depth 528
deeper than_the s nd,d . @ asSd %1 $ be dSAHLRES are
optim zed tSEOE’ngﬁg%raaﬁ‘}l?ﬁg%%e%%%g egﬁ{ln to %dhe t 1§%tdeptﬁr%@ﬁci ng the
required aspafifirdddrofilefroviding @diripreved, Optimized dieh. f Bt ntay tebafune byTsing
continue the above 20 exanple, the first frequency is aﬁt a seventh power

| evel , the differsut RF pguercef vasions frgquesciss; wsipthers r%ﬂ@ﬁ%ﬂ&ﬁwd

f i s at a.ninth Level : ,
ol oht b anc Uttt Bty 3oy B Piofid HEhE ¢ oA rereht Bofl reachii BEARLS,
sel ect eds fr QR (4. The WhasBh firlBis appeatNisIakRIly beaulethegprividd differdnt epdaiesr t h

power, the eighth power not being equal to the fifth power, and the ninth
power not 2%5n liei plgsmauinktead; in tis mivention eapko! o peeiphonsia theplagmadshy et ches
the feature ip t dielectr.ic ég‘%/er to athird depth greater than the

second dept S RO @0PY HEAE ™ %8nt act etching is not necessarily
limted to only 3pRtQRA-C\nidiRiZ6TRS sch pbfilehe alshdfRic tifnehivirmgithe vichadd nor e
or I ess nunber of steps can be used in order to control the - profile along
the etch pr dhepeweBCorditiornsi(gresendebint the precsdingnasagraphaheguitgd for evskY siep- i s

hed d etchi han CE h
C o ootk P s St aleg Ak S efoh Badcess Ptfers T [ et B Rebtartel 6k 4GP °
etch sel ectigy @ﬁg&rg ih MEGBA) dDRY I REdHERRh afthtthe WP S2f(sBéwh GeBIG.LEB)p3 is

frequenci es an ngi ng’ t hé power of these frequencies as the 21 O 8 FEB
200? WO 2003hé2@hapRCitdranodey §2 (Stasvn it EIG. G cBE P aredhe nptatiops for the
resulting plasma . to_be tai]or 0 the etch.depth.and required profile
provi di ng aPOWRsIevALYs ﬂ‘*ﬁﬁ’%d}ggf‘?ﬁge?ﬁ frRglengies g one by using different
RF powers of varipugehr&aheRtleehe govidd Sohdifions PByutd for ask bitfiethréestepse.
Usual ly, in order to control the Mile along the etch, different etch
react ant5 m Xrable$. 5 are .used. The reason for this approach is mainly
because they provide different species in the plasnma. Instead, in this

i nvention, control of speciations in the plasma is by using RF powers of
various freqUemncires. [FIG 5 RpqC summarT ze TRt CN Prafile astgpFpecifijc
time during|the etchfand the power cqnditions (presentied in the precedijng
par agr aphs) frequrred TOrFeVAbywatep. [10 Fd &t pewérepdt | ¢ r efErat poweraP3 stlep
etch procesg where dl|l is the etch deptlh after the step|S1 (shown in _FIG
6A), d2 is fhe etch dept FR2atpewertf2 stlep €2 atopwenPs n #I G Fhmt powey_P8

Conditions F3_ at power_P3 F6_ at power_P6 F9_ at power_P9

A third etch step is provided at a different power than the sec%,g;-we{ngz
ik depk h

e {P1>0and P3>0) o P4=P10rP6#P3or | « P7=P4 or P8=P5 or

or P5=P1 P9#P6

(P1>0 and P2>0) e {P4>0and (P5>00r | e (P7>0 and P8>0) or
P6>0)) (P70 and P9>0) or
or (P8>0 and P9>0) or
(P4>0 and (P5>0 (P7>0 and P8>0 and
and P6>0)) P9>0)
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the etch depth after the step S3 (Shown in FIG 6C). P1 to P9 abe8 %.h% 70
notations for the power |evel used and FI, F2, F3 are the used E
frequencies. Table 1 summarizes the power conditions required for each of
t he t hr eewot2eqr0226235 Table 1. Step 1 Step 2 Step 3 Fl_ arcEaseeo4flsfod_ at
power P4 F7_ at power_ P7 F2_ at power P2 F5_ at power P5 F8_ at power P8
Conditions F3_ at power P3 F6 at power P6 F9_ at powerP9 (P1>0 and P3>0)
P4#P1 or P603 or FoP?tep#loshoRgnin RIf. 64y fRsmedcy DB set RipdvandevebPEp) (P4>0

Pos0) or . ( BRAIAGLBasgn pRrStIcArr bubd TaAinck i ipgsoppopss BvebBl s "Fe

2007 WO 2009p P27 SrePP o) oo B4  For step S 1, shown.in FIG 6A
frequency Fl%Pls set to po% | evel PI', frequency F2 is set to power |evel

P2, and freque nc;FcFSZL shoswet mtIﬁGp@efreQmey FP3s set (ﬂm@eﬂaﬁl%&ﬁqmc@mbo
and P2>Q) . For shown in FIG 6B, frequency Fl set to power |evel P4,

. frequency F2S8e} t? BOWEH loyel Péomﬁ?WBPY B3 1s sehép P‘?‘@?fdéﬁ‘ilx? e P41 PHFE3pover

e (povo. ahemalh G i B Sty P o ¢ RThbe ) O, (70

power |evel P7, fFo@msemwﬁaFIGswe&ecmnaerisé&V@ Wen 1etdl P7, fegudiRgF23 i S
set to power | evel P9. P7#P4 or P8#P5 P9*P6. (P7>0 and P8>0) or (P7>0

and. P9>0) oiis gep@>poenderI PB) audrﬁgqmwy EB\GB smtmmeldntbl%W#Pﬁmré’We is

particul ari ze licit nbi n t| ons_or. per, nut t hese

steps can b&f §8§§§ bfpe"rgg’ PS%Q), t7€§ 592%@’889 aBé”iﬁﬁ &?ﬁﬁ"é‘ad of

S2, ORjgevemghavufd po-pxcl uded). Al so, depend| ng of the difficulty of the
1 >6K

etch nore etc steps can be added in order to performthe full etch

process. Al so al (Fhiswedse u@drmmmaefbnmwcﬂy,d:m combmaaend)dnqae(rmugmom f S2

foll owed by S3, each of them r horter |rre _per nd f ol | owe
subsequentl?‘%'?sﬁeﬁﬁc%%l’@? gﬂ 5%#9“‘1 é“sf‘?aflé’tfsfngaﬁency

is in the rapgendved dfhdeY AJQJ, ligpMiﬂng M)tﬁ@ difficulty of the etch;, more etch steps
* canbe added in order to perform the full etch process. Also alternating between etch
15  stepsis possible (e.g. run S2 followed by S3, each of them for shorter time periods,
and followed subsequently by the runs S2 and S3 again). '
Preferably, the first frequency is in the range from 100 kHz to 10 MHz. More
preferably, the first frequency is about 2 MHz. Preferably, the second frequency is in
the range from 10 MHz to 35 MHz. More preferably, the second frequency is about
20 27 MHz. Preferably, the third frequency is greater than 40 MHz. More preferably,
the third frequency is about 60 MHz.

The speciation for the same etch chemistry mixture and the same power level

SN
g

is represented in Figure 7. The ion flux of each particular ion was normalized to unity
for each particular frequency. A first curve 604 shows the fraction of total ion flux for

25 CFs" at various frequencies. A second curve 608 shows the fraction of total ion flux
for C;F," at various frequencies. A third curve 612 shows the fraction of total ion flux
for CF" at various frequencies. A fourth curve 616 shows the fraction of total ion flux
for C3Fs" at various frequencies. A fifth curve 620 shows the fraction of total ion flux
for Ar" at various frequencies. A sixth curve 624 shows the fraction of total jon flux

30 for CIr]]?{z+ at various frequencies. A seventh curve 628 shows the fraction of total ion
flux for C,Fs' at various frequencies. This graph illustrates how various frequencies
influence the fraction of speciation. Therefore, the speciation in the plasma can be -
controlled by varying the RF frequency along the etch process.
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preferably, the first frequency is about 2 Miz. Preferably, the %CFgg '2 ﬁ?'
frequency is in the range from10 WMHz to 35 MHz. More preferabl@, g -
second frﬁ@% 1.5 about 20 27 MHz. Preferably, the thir is
greater than %%ﬁé More preferably, the third frequencgcrli‘[g%g@g@%%% VHz .
The speciation for the same etch chemstry mixture and the same power |evel
i's represented i npigh84 skows AR vR1AtbA Hi‘ﬂﬁfioﬁ%ﬁé}g?%& ldfiktidnRi} @Rfction

normalized to unity for each particular frequency. A first curve 604 shows
the fracti orofd®F povet for dime $dnuex frequen2yp (2287 Thenioncmsrgyr disfrbntioesf onk sfecond

curve 608 shows the fractiqn of total ion fl faor C2F4+ at ri ous
frequenci es. AT FES df CLPRARON NSRS 2 F¥Fa n (BT BPSY O & J4ORRIC 1 o
CF+ at vari Gahie | shows, tlasakiaat t al
ion flux for {|§5+ atg&ggﬁ%%éﬁ??g%eeggéiié%@%\gﬁ curve 62 ﬁé’ﬁg)v{/s%? &%
fraction5of CHFdlwhanodlyw?7 Mz Agnal & supplicd tsthepdamenstiths powerslexsllof 200V e

624 shows the fraction _of total ion flux 30 for CHF2+ at varipus :
frequenci es. WA SBY/EWIVE 70§shewsion sifsey stribytion for B¢ 19 HF2 ), S¢hentheg 27 f or

C2F5+ at vary . h: ' a Iial s ri

frequenci es AT gﬁce {iﬁiex‘éﬁratag@ ?x\ag%’f @g%ﬁ%ﬁ%#ﬁgre ic/)or?leé,n e'md
speci ati on idisttibetignt foarthe danCHE,', ovhiehir the g MHy, sigiray issupplied R-800 Whtency
al ong the etch process. 23 Q 8 FEB 20 7 WD 2005/ 022623 PCT/ US2004/ 025406
Fi gure 8A shbwsionrl cyrre Bk dhovesrion geergy and distrintiondorthstien oW the

functi op, of ﬁfﬂﬂo f; 1,2@ Waaye 7 Mg )«

di stributi on2 0 on%\g%?l IQ% %g????%d;]s 'n gﬁ ;/igt?l ot uo%%%%gnlgglegé%%de%
(having a nedstibbtié forttheich CHIF, ", Wheh 27 MHz el Bsdsugﬁli@i atIFROMENS Tk
shows ion energy and distribution for the ion 5 CHF2+ when,only a 27 Mz

signal is s icaryer 124 shows| ig8 saeray 2pddispiwsion for the ion CEIRY', whemthe 22ur ve

708 shows -i . ' (ﬂj& for the ion CHF2+, when the 27 Mz
signal is suppi P%%S%Bﬂ@%f% wggf'hi rd curve 712 shows ion energy and
di stribution for Byeompariésd; FigureBBnstohs tBY vidiltich ¢fthe idberuppiided at 800
Vatts. The fourth curve 716 shows jon energy and distribution for the ion

CHF2+, When distebuliopof thesamegan CHE ™ aspHinctign of RExmoverder the syme, higherh curve

720 shows i dirS L ] .the | 22+,

Sonal 1 sORsREb0 Nt Tie LR AR el it Batmtibe Rt M
di stributi orCHBY, when baly 6bRIHz sithelis shspiRd to MiEpian at theowep Rivebef P30 2000
Watts. By conparison, Figure 8B shows the variation of the iqn energy and

15 di st ri butWenTls curiie 748 shows iprcyersy  distribuden & the ionrCHBweion when §8
same. i gheiypb I GPGhobls Moo WE. Gl ¥find dva"35nb 00 i GHRRY Y

di stribution _
20  distribution for the ion CHF,", when the 60 MHz signal is supplied at 400 Watts.

The fourth curve 756 shows ion energy and distribution for the ion CHF,", when the

it

60 MHz signal is supplied at 800 Watis. The fifth curve 760 shows ion energy and ~

distribution for the ion CHF,", when 60 MHz signal is supplied at 1100 Watts.
By comparing Figure 8A and Figure 8B, it is clear that specific ion energy
25  levels (e.g. as low as 80 W) cannot be obtained with a specific RF frequency (e.g. 27
MHz), but they are accessible with the higher RF frequency (e.g. 60 MHz).
Concluding, by varying the RF frequency and the power levels, not just the speciation
in the plasma can be modified but also the ion energy and its distribution.
In the etching of a high aspect ratio feature, as the etch progresses, the
30  invention optimizes different etching conditions (e.g. ion to neutrals ratio, ion energy
distrib{ltion) along the etch. At the beginning of the HAR contact etching less
aggressive etching conditions may be used. That will ensure a good PR selectivity,

less PR faceting and as a consequence less bowing. This can be accomplished by
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CHF2+, when only 60 MHz signal is supplied to the plasma at the Eowe_r | evel
,of 100 W The curve 748 shows ion energy and distribution for 8 é‘:ﬁ%rﬁfﬁg?
CHF2+, ion when 60 Mz signal is supplied at 200 Watts. The third curve

752 showsWOA0¥M2PER and 20 distribution for the ion CHFRCTGREWRFW660 MHz
signal is supplied at 400 Watts. The fourth curve 756 shows ion energy and

distribution f.or the ig F2+, en the 60 MHz si | is supplied at 800
Vatts. The fPYEHP ?WB“&@&%%%H@%P@V%%- 6Pz s sremiiehes) e | on

CHF2+, when £0. AR wel 5¢ e ﬂuma--é%{z - R Fz{ i, ki gure 8A
and Figure 8B, 1 |1§ﬁcl egvfkﬁg‘g%&p%géelg??riq%el onQen r%lflclesg%g'l eve sige.aé'. as | ow
as 80 W canBotv dreatiniaiaybel furilich avoid@itby hiitg Bifs étck gutinthy efchigy paddes théiz)

but they are accessible with the higher RF_frequency (

.g. 60 MHz).
Concl udi ng, BOWJeNeki Ag the aspret pHa dirserses higdonsife nsw%lrraiei‘égéqrsaseﬁmg 3lsza t he
o . Y el e A,
 aPerr bt ontrPEpBbalof Sl diRiel ils Heclidif teidEed. HhoRAGE HorB"C (1.

progresses, higheSéhergyidnk afdreqiirédiodrsabll fofohfiie the@bdhndI1Eoe4i Bd Oons (e. g.
ion to neutrals ratjo, ion energy .distribution) along the etch. At the

begi Bni ng gf aqoemplished byipsing pex @@nﬁglm%?s@d?aygi%%tﬁiﬁéwlet mwde?ﬁw@mdms |
. i P o Cti Vi e PR ti
08 2, ) RS, P BB Vi S 808,

as a consequence less _ B 2007
WO 2005/ 022623 aitiZdt PMEE RIOsHubés and posriblp dedressiiy thelpowek fiontihe Bonvizequency
power (e.g. 60 MHz or even higher,) and having relative |ower power |evels
for the IPonePowersguEase ifaereasing theposyes fipmihae 27 EPWEE MAN alsgyndyeaseur t her

aepect rati oneeed i Fictll Kool ol FPuP el RS b Bonbl artithe .2 5

nor e pronoungelled, on energy dependence-is expected to be seen. Therefore

nore higher enerﬁé lons are required to be able to continue the etch..

This can be acco bpenjfusther frvng thatde eadupe bewing therightrmountief sglectivity

di fferent power.lev [ t the . h.brQcess. This may be
acconpl i shedwglfeé'eﬁlcreiéo;os’{n%@&\?&IM??gol%@atgm%fgé%@egt?&%ﬂ%m RF sources and
possi bl y5decr easi Ag didtenpgasthail haybé hedGh eMbddibienenyBthe $O1NE6n maf BaESE NY

the power fromthe 27 MH RF source nmay al so increase nask selectivity,
whi ch is verfjuefasashon ophdrofuemecabpe cempenamb Apinert gas Bich as axgopand/er ched |t

has been fur QW [ ] u of
sel ectivity ’E%ﬁg’hr?{élg)éggn}' tﬂgfgr hrﬁ%é@%ﬁa&o% %H:d?‘?fgeg e U%E&\ESF&G%@?@WEase
bowi ng. 15 ADxgicalnst bgasothéraonioveittofieeichant gadyodi ments of the invention
may have a ‘ '

y Preferably, the layer to be etched is a dielectric layer. More preferably, the

) 20  layer to be etched is a silicon oxide layer. Preferably, the layer to be etched is a single
layer. More preferably, the layer to be etched is a single uniform layer.

Example ,
Example 1: In this example a contact is etched in oxide using a basic C;Fs

25  chemistry.

The etch used an etch gas of 250 sccm Ar, 28 scem C4Fs, and 10 sccm of O3,
which is flowed into the chamber. Chamber pressure is set to 50 mTorr. A first RF
power source provides a first RF signal of 2 MHz frequency. A second power source
provides a second RF signal of 27 MHz frequency. A third power source provides a

30 third RF signal of 60 MHz frequency.
'In a first etch step the first power source provides 2000 Watts at 2 MHz, the
second power source provides 0 Watts at 27 MHz, and the third power source
provides 1000 Watts at 60 MHz. This step is provided for 120 seconds.
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fl uorocarbon or hydrofl uorocarbon conponent. An inert gas such ﬁ aég
and/ or xenon and/or any other inert gas may be added as a conp én %fz‘ﬁﬁlﬁe

et chant Qa0 200809228 may be anot her conponent of the etchag/82604/025406
Preferably, the layer to be etched is a dielectric |ayer. Mre preferably,
the 20 layer to be etched is a silicon oxide |ayer. Preferably, the |ayer
to be etched is aIalarsgb@ld¢telysﬁep th(blﬁstpbwbesmhbeyprotviﬂtsllﬂﬂ@Wﬁ& a1 wphed is

asmgleunlformla el In_this exal eacontactls
etched in oxiife ?‘?(80‘3%%@’?% Q:Wé‘ﬁ‘?ﬁ?— Rﬂ'ﬁh thigdppwear sounie gas
of 250 sccm id&: FRP W ated g,mi% is £lowed into the
chanber. Cha %Vrl pressurae :égﬁget lﬁlggg%?égi’m%eﬂ'ﬁég#f% r source

provides a first Rmﬁbgﬂahgtﬁau&eliwaﬂéﬁﬁbﬁﬂ@m&xﬁ%&@ﬁ'@]ﬁ@ﬂ‘@%i&&rCe
provides a second RF signal of 27 Miz freq uencgﬂj A third power “source

provi des’a 3Jberehpregthrmspecy patio efithe feature is 3.08utfh axhich is appfaxismtely th.7st ep
the first power source provides 2000 Watts at 2 MHz, the second power
source provides 0 V\atts at 27 M—Iz and the third power source provides

1000 Vatts at 60 Myampl® M@éﬁ@ﬂﬁ&&ﬁ%@w% FEB
2007 WD 2005/ 022623 CT U52001/ 02 406 In a second etch st p,émg 4? frst

power sour cechemistiies 1400 Watts at 2 MHz, the second power source

provi des 1400 Wat 2 nd t hird ,po S Vi des 200
verts ar o0 e S Wﬁaﬁﬁmﬁ @E% naéﬁﬁrgfizif

eat ureipas ¥haldis P chﬁnﬁ;%: TASLE

aspect ratio of the feature |sc 3. bt Pceﬁgllrs a%g?oo% mate Rfﬁsﬁ
Exanpl e 2: | BOWES @mlpweaad‘nstﬂ%ﬁzmgnd of RaVIEkE frequencyd eA wadond mﬂ&&bﬁm@%

chem stry. The e ch used ?—E etc 400 sccm A‘%ﬁ 30 sccm C4F6, _and 24
sccm of 02, iaroond ? apeReE A tind Rewer jauEeeproxides as et

to 35 milon. MdRF%lgBElom\ﬂHzSﬁ ‘_ﬁ.ﬁo)pl’OVI des a first RF signal of 2 Mz
frequency. A second power source vi des a second RF signal of 27 Mz

frequency. A thir & péimtretchoien éhqaﬁxst/pmiw murdefprovid&:zm{'.!gwatts af 2 MHNHAe
[ SIS | ol bR T Rl PR 5 AN b B S s
third pover g@uides 1000 Watts at 60 MHz. This step is provided for 100 seconds.

In a second etch step, the first power source provides 2000 Watts at 2 MHz,
the second power source provides 600 Watts at 27 MHz, and the third power source
provides 600 Watis at 60 MHz. This step is provided for 100 seconds.

20 In a third etch step, the first power source provides 1400 Watts at 2 MHz, the
second power source prow.fides 1500 Watts at 27 MHz, and the third power source
provides 100 Watts at 60 MHz. This step is provided for 80 seconds.

The resulting feature has a depth of 2.6 pm and 2 top CD of 0.16 pm:
Therefore, the aspect ratio of the feature is 2.6/0.16, which is 16.25.

25 While this invention has been described in terms of several preferred
embodiments, there are alterations, permutations, modifications and various substitute
equivalents, which fall within the scope of this invention. It should also be noted that
there are many alternative ways of implementing the methods and apparatuses of the

present invention. Itis therefore intended that the following appended claims be
30 interpreted as including all such alterations, permutations, modifications, and various

substitute equivalents as fall within the true spirit and scope of the present invention.
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provi des 1000 Watts at 60 MHz. This step is provided for 100 s§%g?g§‘z g?i a
second etch step, the first power source provides 2000 Watts a ¢ t he
second power source provides 600 Watts at 27 MHz, and the third power
source provides 600 Watts at 60 MHz. This step is provided for 100
seconds. 20 In a third etch step, the first power source provides 1400
Watts at 2 MHz, the second power source provides 1500 Watts at 27 MHz, and
the third power source provides 10QLX#g s at 60 MHz. This step is provided
for 80 seconds. The resulting feature has a depth of 2.6 mand a top CD of
0.16 m Whaneflamedist he aspect ratio of the feature is 2.6/0.16, which is
16.25. 25 Wiile this invention has been descgl bed i ever al
preferred enbbdi nehfgthod foapiching *éh‘élplaﬁqe&via@ngam'ﬁé?rﬁ'ﬂﬁhaﬂ'i“g%é"toﬁi Ffi cations
and var i ause etehsd sveud subsedielicomprgirigs, which fall within the scope of this
invention. It should also be noted that there are nmany alternative ways of
i mpl enent i ng tMEINgdhnBistraigia 2nRrepathaaber which j§@ble o pravide,RE PAWRIA Pon. 1t is
t helr eL or &irdtteR0eiRY, 4 StdbndiRqudnel tifddenghappe nde'cbqada@? Temd ta_emﬁﬁraqnendey preted as

i ncludin uc er tations, nodifications, and various
substi tusjé@é@t;ﬁ"\?gpqéaﬁ{rsa%d;lsefcgrquﬂe\ﬁiB%L n the true spirit and scope of the
present i nventiQiding #ctéhaft JaEB RO BrocedslofbdBerVhat is claimed is: 1. A method
for etching a high aspect ratio feature through a nask into a layer to be
et ched over a molditg afiretetchargprwrerate fipst fasjuengy isw adisbatwesleavel hiea process
chanber, y&@gérﬁl?re'q%répls%tégeo%ﬁ@? v%‘?lﬁa RRRE thitd fr@quef‘ndy |§§taf thiRfbtRlF vela second

frequenc feren Irst frequenc ird frequenc

di f f er entWherRihiE fest P?Weé?“daﬂé?aé%'&r?&thﬁrséﬁﬂu“@ﬁa?e ""b'F(B’QY"?ﬁ @grgﬁteé@%ﬁ‘?ﬁ' gas to
t he proceg@mrah®eiiat stcpstohesdifagura irf the Slyerdd bbetsherito uffiest derthend i r st frequency
is at a first power level, the second frequency is at a second power

| evel , and t heprevidingn seceryi iettsier whase the firsh freqyeprireat 2 fawly PowelRYaldig t he

fi Ihr st pOVH%E:orﬁméqaénci; Rash ﬁﬁﬂﬂﬁ)\ﬂ@f leVd) Cand @Dtk Kaé’qu&t’iw id AiarsitrpIner legdle gr eat er
than zerag,

s a e ture o0 be
etched t ¢"E91 ?té?asg‘gﬁt‘ﬁ‘“eé%&}’BP‘EW*B.PHH‘*"S AN DER arsht(JI té'beef h?é‘%” e first
f r equencgréaterdhanzzefco amd Whepawe roriddipe iis, setekied frg@émoqn@mﬁwﬁiyowg nat a fifth

power |e\4fetn? Mt&th@fduhh BGloer'éﬁcﬂM@'ﬂﬁM poWedot Beify edubl tsmthﬂ @¥et, wherein at
| east one 0

fourth and er. than z oandtheflfth
power is Wrﬁfeé'hfthﬁrse‘i"ﬁgﬁm%ﬁcﬁes t%% WFF‘E\A& ﬁayﬁrt‘,’g’ﬁcﬁ? PRI 4 E-QE Eed from t he
group of grdeerfthansbe foswiepthnot bei ng equal to the fourth power and the third
power not being equal to the sixth power,

2. The method, as recited in claim 1, wherein the layer to be efched is a

dielectric layer.

3. The method, as recited in claim 2, wherein the dielectric layer is a single layer.
4. The method, as recited in claim 3, wherein the single layer is a uniform layer.
5. The method, as recited in claim 4, further comprising a third etch step,

wherein at least two of the seventh, eighth, and ninth powers is greater than zero and where a
condition is selected from the group of the seventh power not being equal to the fourth power,
the eighth power not being equal to the fifth power, and the ninth power not being equal to the
sixth power, wherein the third efch etches the feature in the dielectric layer to a third depth

greater than the second depth.

6. The method, as recited in claim 5, wherein the first frequency is between 100
kHz and 10 MHz, the second frequency is between 10 MHz to about 35 MHz, and the third
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wherein the second etch etches the feature in the |ayer to be etched to a
second depth greater than the first depth. 2. The nethod, as reBitB8Ri pi7
claim1l1, wherein the layer to be etched is a dielectric Iayer 3. The

met hod, as recited in claim2, wherein the dielectric layer is a single

| ayer. 4. The nmethod, as recited in claim3, wherein the single layer is a
uniformlayer. 5. The nethod, as recited in claim4, further conprising a
third et chegiesy,is yrbaterahan 4a6MHeast two of the seventh, eighth, and ninth
powers is greater than zero and where a condition is selected fromthe
group of the seventh power not being equal to the fourth power, the eighth
power not bei ng equaﬂne théthéd) s fdchddin plames, whan tid@stficqiidhcp Bw@but2atHA el ng

equal to the iLn the third et e feature in the
di'er ect r1 EopsgrRy HeapeB SR oyt SN b M BeBb S8 Geptn. 6. The

met hod, as reC|ted inclaim5, wherein the first frequency is between 100

k Hz and 10 MHz, the seco dfre to about 35 MHz, and
the third 27 b o FES BOGFP. of FOlUR Lo & VOPEa or SEHANRGORPE 7. The

met hod, asommoentgas safected dlom tbe grabesfei fluortobabdn angta Hydretureerasbons about 2 MHz,
t he second frequency is about 27 MHz, and the third frequency is about 60
MHz. 8. The nethod, as recited in claim5, wherein the etchant gas
conprises a conponewmghsl, a€leeitddddl cibimotrfuriher aymptigngd thiad Blcbistepcar bon and a

nydr Of | UOKREE BAast g of S TRE1IP i ars B! SSkelsls leBlelodn - UGG 8T 1 51 10

athird e and ninth
power s i sCRjHiEefR i 'é Fe‘?%%ﬁff %W@ geavd ofie ﬁ%veath PEW#IdIof hayy #%‘a'st‘éﬂ@é?%’ﬂ PP¥®im t he

group of ﬂwbau_gﬁta\pe\m&rhaomweqn@ltto hnalfmgp@waaalndmg rﬁdﬂﬁp&v@!ﬂhbﬂ‘bap@&ﬁﬂal to thél;e ei ghth
power not _. 1 Ng. e | nl.n t el ng
baual to TREPOE G e s PR A Faeat e R R o2 e T e

di el ect r i @redtanthen thesegondhilanth.dept h  greater than the second depth. 10. The
nmet hod, as recited in claim9, wherein the first frequency is between 100

kHz and 10 WMHz, the second frequency is between 10 MHz to about 35 MHz, and
the third fretiuenciheisetigrdeas exitddimciain(, Whizreintie firkk freagemoylisthetweet ¢0fl ng a

hi gh aspegt, Jnat1bﬂnﬁzetﬂ UEdnd Redhieflbyal 6&HELrC10 YA a ﬁé!ﬁrss?vmzs hé fhi§:

conpri sin l'acing the substrate 1n a process c ich 1s able to
provi de @%6%?335?3*%{{“%40%”4requency, a second frequency different than
the first frequency, and a third frequency different than the first and
second frequenci es;

11. A method for etching a high aspect ratio feature in a dieleciric layer over a

substrate, comprising:

placing the substrate in a process chamber, which is able to provide RF power at a
first frequency, a second frequency different than the first frequency, and a third frequency
different than the first and second frequencies;

providing an etchant gas to the process chamber;

providing a first etch step using the first frequency, the second frequency, and the
third frequency to efch a feature into the etch layer to a first depth;

providing a second etch using the first frequency, the second frequency, and the third
frequency, with at least one of the frequencies at a different power level than that used in the
first etch to etch the feature in the etch layer to a second depth greater than the first depth;
and

providing a third etch using the first frequency, {he second frequency, and the third
frequency, with at least one of the frequencies at a different power level than that used in the
second efch, to efch the feature into the etch layer to a third depth greater than the second
depth. '

28



provi ding an etchant gas to the process chanber; providing a first etch
step using the first frequency, the second frequency, and the % T %m
frequency to etch a feature into the etch layer to a first depq provi di ng
a second etch using the first frequency, the second frequency, and the
third frequency, with at |east one of the frequencies at a different power
| evel than that used in the first etch to etch the feature in the etch
| ayer to a secthd dé&prethedas exitadimplaih®l, ivhersin tilepyen fo beagichepisovi di ng a
third etclepsdidigydhe first frequency, the second frequency, and the third
frequency, wth at | east one of the frequencies at a different power |evel
than that used in the second etch, to etch the feature into the etch | ayer
to a third dep great R 0 2. The
met hod, as rec}t:{led ﬁ%@ thE% fgat\%ﬂZ'r?gilgﬁpﬁgﬁfgé&eﬁh%%'&%%c F&h% ngg%
di el ectrlléyqfayer 13. The method, as recited in claim 12, V\,herel n. the
dielectric layer is a single Iayer. 14. The nmethod, as recited in claim
13, wherein the single layer is a uniformiayer. 15. The nethod, as
recited in cl al4m 1T hewethodi as redited in glaim 18 wpiemthe singleliayene @vnifd@fayer-z and 10
MHz, the second frequency is between 10 Mz to about 35 MHz, and the third
frequency is greater than 40 WMHz. 29

15. The method, as recited in claim 11, wherein the first frequency is between

100 kHz and 10 MHz, the second frequency is between 10 MHz to about 35 MHz, and the
third frequency is greater than 40 MHz.
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