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HI*GH ASPECT RATI O ETCH USI NG MODULATI ON OF RF PONERS .OF VARI OUS

, FREQUENCI ES BACKGROUND ‘OF THE INVENTION 5 1. Field of the Invention The

invention relates to a nethod for etching features, such as high aspect
ratio features, into an etch layer. 2. Description of the related art The
present invention relates to the formati on of sem conductor devices. 10 It

Is known to a I xcitation fields at two different frequencies to
a region of '%%ﬁ%%ﬂ@&“ﬁﬂ%‘ﬁ%@%@@%dlﬁwmrei n
the region is coupled to a RRL il@eﬂig ert into the processing
pl asma. The workpiece is usggFI‘z/ a gem co @J@?%ﬁ%éfer, or dielectric ,
plate and the plasma is involved in formng integrated circuit features on
t he workpi ece. Typically, the plasma excitation 15 fields at the two

di fferent frequencies are SUpphiie D AR THHE, I 2Npai r of spaced

el ectrodgs in theychaoey el ectrode in the chanber and a reactance,
inthe form of a coil, Ifgg%te o%si de the chanber. The excited plasma
typically dry et cHbsinventionrslites RCLmetholl forbtERAR fdafhTtaRGAS ad l‘ﬁé& !aéop%ct thtio

mat eri al s be nggdepo& ted on the workpiece. H gh frequency RF power
(having a frE& tfe Y0P AN glehdayerof  approxi mately 20 10 MHz) typical |y

controls the densjt -1k i;.&., the plasma flux, while RF power
having a low to rredl)tl)férﬁnizl g%gﬁ%éq%fﬂﬁdtaﬁe range of 100 kHz to approxi mately

10 MHz) typi cal | yThoptesaitintention nelgy tibhe fsfmtion dfBemRloASHRARTdAC dent on
t he vvoi(l;pi ece. .the size of the features continues to decrease, there
are incféased 25 PEHOAPPLY Blasia exqitation figlds gt twié differens fieqpanciestber s of

t he pl asna i ' st _the plasna paraneters requiring

prect se. cont e ore oo PR BEE plabllp PR osiilt RoP3Rech PP B dvgion st ca

speci es), tHmupledmghkﬂaatﬂmﬁdlﬂ@cdmenaﬂsﬂwpro@éssﬁgﬁalﬁ@.nﬁéQ?ﬁg?f‘é& ion the
e

substrate. thll]the shrinking feature sizes and use of new materials in

fabricati on ¥Faiht sgypiseadnctonwafer, or digiestrinmlatersnd theplasma pyiovelved g t he 30

wor kpi ece ar ol | I: i | l.e in e.limis on presently

avai Fabl e piﬁggtralﬁg "g‘r% gie%sdcl# gﬁ f}%ar e%{t}lﬂéerﬁ%kigfe(gg‘eﬂ’gﬁpghﬁ”&ﬁe BI?E'HE RYcltahna

shrinkity f efeldsa th tesdifforht frequincReRrs SippRéd AN T8SH b?h%gir}o?h'eéac%ﬁe use
|

of the sane reactor, d'l.e., vacuum processi ng chanber, for ent etch
appl i cati on<lecirodes in the chamber or one electrode in the chamber and a reactance, in the form

of a coil, located outside the chamber. The excited plasma typically dry etches the

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 MHz) 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 ion 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 processors, particularly processors for etching. The shrinking feature sizes
and requirements for new materials limit the use of the same reactor, 1.€., vacuum

processing chamber, for different etch applications.
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Hi gh aspect ratio (HAR) openi ngs have a hi gh opening depth to opening

di ameter ratio. A mask, such as a photoresist mask or a hard mask, is used
to provide an opening pattern. In the specification and clainms, a high -
aspect ratio feature is defined as a feature with a depth to dianeter
ratio greater than 10:1. 5 As the integrated circuit dinensions shrinks,

the CDS and pr of iflipho@pétehtia10AR) opérihgd lisoaliifh sbering Uefthaboparing! rat | o

contact hol e etching becomes very challenging problemin dielectric etch.
The vari ous dizmeter wéio] tA maskdsush as @phmesm task er ahgrdmasky dspsed tapeovide

necki ng) of the contact/via_.hole en : | . plasma
chemistry, ZHfPEFER é’l?}FF’a e pe 01?‘8 é’rﬂ@d@mﬁo %uﬁgﬁ?ééé:%% an%]éJ
substrate --qchfedhPR et Swith & Q8tA% hﬁﬁﬂer@ﬁtxé Pﬁzaﬂatﬁi@pw ic material,
tenperature of the substrate etc.). However, for the sane substrate

properti®s, the phatiwentogoged cirast dimepsions sheinks ihe £ Deand profilecinirol eloag

ESL?LJL“TO&MF@%# o bR pttfonfae BBl ol P bR EBpg

lleads to e'H;r Cdieﬁéﬁra eidh. tI‘ﬁ@%nchsCfEét{l&s og anlilistont 0B, prdHilk Bfgle
as to

condi tions e tailored to 15 the etch depth and reqU|red pro?lle
provi di ng arbawmg end deaking). of Shd Al B MdmﬂmmomplmmmpmS (he

f d th t f t
ret hod for G AEoRs bunup b L ire il e R Ty -

to be eigh th o BUARE IGPof the AIdCUICRkatoHE, 15MPEIahdt B itfe dabAERY eld). 2

process is able to provide RF power at a first freduency,
a second frdﬁmeem fod itlief saneensubstoate ptdpertiesy the pﬂasamgmnpgmeamwa( thériandto

fre%gngytdlri‘el;'}gr ent. et han qtqﬂ 3@%}%@3«?&% fre nfag%ﬁc An eégcl_hanti_irr gafhl S

provided to a‘pﬁaﬁ ﬁﬁ’é BiRe s e.the

first frequ uf%e@a 16w &t raRP4Ohe &1 ratib 38 R incl a8 MACKadsS0al @
eve Ir re

second power and the t uency is at a third power |evel, 25
where at | easthet stoh sfoptdraapdrpesfilp etoeThus the ¢jckiageondikions hay o, beshidoned the

first e heche ure ipnt | ayer to be etched to a first depth. A
second ?8‘}9 i P&%ﬁ%ﬁ;ﬂ%ﬂﬁ@?ﬁ@%%@ﬂ%@@g@y is at a fourth
power IeveI, the second frqu-ﬁm!erk % 6F 1ant oiiVEnponer |evel, and the third
frequency is at a sixth power Tevel, erein at lTeast one of the fourth
g(r)\d si xth pgv\eW:] s Te acjtiewd &;:oﬂwgdngamlbimatmgrimcé W{iif]lrthppumose of g:eemﬁgnt t han
zero, an ere ac ion is selected fromthe arou irs

power not bdPRHgH OBq%IE}eﬂ?‘Ui giching 4 sh a3pert gioruy % %’ryﬁb
equal to the{o%h)éwgleﬁg%fasm&'éﬁ:lsgﬁﬁlcﬁﬁcmsﬁﬁmt@fﬂﬁ'&dtlﬂ%ﬂrﬁé’éwe in the

| ayer to be etched to a second depth greater than the first depth
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 Ievel, 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.
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2.l n anot her manifestation of the invention, an apparatus for etching a
, feature in an etch layer“through a mask over a substrate is provided. A
" plasna processing chanber conprises a chanber wall formng a plasm

processi ng chanber enclosure, a substrate support for supporting a

substrate within the plasma processi ng chanber 5 enclosure, a pressure

regul ator for regulating the pressure in the plasma processing chanber
enclosure, at | eadP aapfherananifastationfoftheingentitinnan pppeestut Gort dichind 8 Fofure in
processing c r sure for sustaining.a plasm, a gas inlet for
provi di ng garsia%&g‘tl?f#?ggk@éé PHE’&%HIbﬁEafg ksPHSEHdedn ¢ plagima prepessing gas

outlet for exshatbéricogpdiass a ENRMBe: M G Bi Agheh enclosure. A

L R e

*gas source is in flui connection 10 wt
source provi GesttaaEppoit fori supporting hanberatewrithinthe plastriaprbodssiR@¢BRAGNer A
second pgmr@&gg&g atprovi des power. within the chanber wall at "'a second
*frequency di Frereny AHSsuseewlator forregating the pressirerig theplesme pracessing ovi des
power wi t hi nchdifbet RAsBSEre VR 1dasPéneibdl Uﬁ[ﬁ}fg‘ L §BDLLhan the first
frequency and the second freque%cngdgg{’l{é}gl er P(g‘h%{)tﬂt PRy connect ed
to the gas i Brosessingghamibef enclosupoiorsustaininpas plhdita, SRl HMPrOVidiNEGRs and
the third poyﬁr sgﬁrce. Thesin?&%gtrgl | er conprises at | east One processor
and conput er Q B Rlesnd pgrs: gmbersnclnsicse 3nd & gptodiet forexkbustinggds f or

i ntroduci ng 88mAthé BRna PAScekh S Lo il ek, nput ex r.eadabl e code
for performng a flbl’ st Fch st%p an%é?gg%gu g’rgr%%c?gﬁﬂ% 15 'é‘dFB?n??F‘BOi di ng
a - secondOet cwithilpgasinlet.f Arfirst petwen serep provides ipdRer M tHetBaRBEr @i 205 T F OM
the first po SE source 3;9 a fjrst power |evel, providing energy fromthe
second powe fEqQueacy, Age FSAECe PEavades poer writhin Hienhamber wyllfat am t he
third power sesent féqiheRdifer eneihn 4 n the first wer
| evel and the thi rgqposgr eéﬁp%;@éﬁg%%?ﬁ@h&mfgrp&wwgﬁFRr"{ i rst

etch i s usedPaveravithtin thefohamberwalh at fthitdfyejuehey di€fereik abRdht Gra ﬁfehﬁéﬁcgdept h.
a second etch step, 25 conpri sés

Computer re e _code_for performn

provi di ng eﬁ%‘ag};’e ?%8“‘?#%“9‘3%3’ sf %‘i{@ﬁe@é&%‘@%ﬁbbacqmﬂeﬂ to Hvecgas limbets the
provi di g efaEtyowdr@ fifth power.level, and
provi di ng ene%b f[r g%n%tg’ﬁgésﬁ??gpggrgmg%)@%%%gmgm%dgf’%'teﬁs ter Thevel ,

wherein in tRBirpkiersiomprises at Ibast ette prodesstreardiokthu@Wasddb®ySlkdi! whigheat er
t han zero, \éygerein the first Ich Is, used to etch a feature 1n the |ayer

to be etche ?@ngesfmutﬂé'ﬁﬁqﬁ‘ﬁ & 0de dorinfpdycingan etghanifgas Huoagh thogas h and
i xth i i . i f.th | | i
si xth power ihigl @bsiphifer SaBB1E bodd1RP 85&%191%1.|ﬁgg ell%t 4 étgg @8‘9 ?V\gréwt%\%aﬁ‘%@% o of

greater than zero, and wherein a condi nrs sele
the first p69#e for pyastiding a second etch step. The first etch step comprises providing energy

20 from the first power source at a first power Ievel, providing energy from the second

power source at a second power level, and providing energy from the third power
__ y 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 etch step,
25  comprises providing energy from the first power source at a fourth power level,
providing energy from the second power source at a fifth 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



not being equal to the fourth power |evel or the third power |evel not -
being equal to 3 the sixth power |evel, wherein the second etch etches the
feature in the layer to be etched to a second depth greater than the first
depth. These and other features of the present invention will be described
in nore details belowin the detailed description of the invention and in
conj uncti ongw t Ol f%eﬁél{ Psfane R 15N

DRAW NGS Thtéleﬁpéeh% n er|ir%\‘/“];elhJ’E’Vihon |glci usdtart'ill%gg11 y way of. exanp er,t-gélﬂr?d not by
way of | i nittRéd @b second depili paxites shaaf the fiestalepthopanyi ng drawi ngs and in
which like reference nunerals refer to simlar elepgenpts and i.n which: 10
FIG | is a partﬂ'&ﬁﬂ%ﬂﬂé(ﬂ%ﬁﬁf@eﬁpﬁg}@fﬁﬁmﬁl@ag%ﬁﬁggﬁéﬁﬁ’ @Y in

accordance wit refarred. Lk . sl ' ; 'S
25 C 1 or m adtiriReidl iy e ety aaRbiiRitn O mb R B i MR wit) i
control ser eflidwife figuded. conbi nation with a schematic representation of the
electric parts of the vacuum processor chanber illustrated in FIG 1. 15
FIG 3 is a partially s&rfdEHIESERBIVIGHY bl PER 2ma processor in

RIBFICRY 6) f“ B
accordance with ot her .enbodi nent,, 0 ' ' is a
high level flow ﬁfgpfes@?t ‘ﬂ"%\%ggé&“ grg%:ﬁ?o an e gg%\rfrﬁg%agpt Pﬁg&yioﬁvent i on.
FI G 's 5A- Diigfiatish 1818 figures 66he 20Edhpadling/dawingfand is wiidch Hkereferehcean et ch

20 layer into which a high aspect ratio feature is etched. FIG's 6 A-C are
schemati ¢ cnumsralerefar do similar epits andsipowlicht e for increasing aspect ratio

f th t he etch es. Fl h
opeci alPon for ¢ RISCL B & Ralillrhefiane i faSER oF = Vachubl BlfSula froRefiofn
frequency sypRhifide vt dprSened MR ddhentdifaRdpredént idventioar gy and |

distribution at various powers at different frequencies. FIG's 9A and 9B
illustrate a complGér 2456 fem atlpdh diagramiofthe electpnici gigshitme Hclydedgn the

controller. DETA LE S PTI - THE .PREF NTS T .
present i nvEPREYIE %ﬁ&aﬁfb‘é‘“& P G A S&Eﬁﬁ% %%%e%@%et%&émfew
preferred ephedhfBaticdudepRREssds chdthbertilladtated i RIie 1acconpanyi ng dr awi ngs.

In the .
15 FIG. 3 is a partially schematic diagram of a vacuum plasma processor in

accordance with another embodiment of the present invention.
FIG. 4is a high Ié;,vel 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 chemisiry 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
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foll owi ng description, numerous specific details are set forth in order to
provide a thorough understanding of the present invention. It will be
apparent, however, to ohe 4 skilled in the art, that the present invention
may be practiced without some or all of these specific details. In other

I nstances, well known process steps and/or structures have not been

described in 0 _nhot unnepessarlly obscure the present

i nventi on. %ﬁﬁh%# g'ntbg aﬁs@'ﬂ{f%’ REF&SH%VW@&IB&& Q)Pfaﬁfﬂfé‘-‘ddﬁﬁhﬁtﬁgomh@relmf

pl asma pr ocesgﬁg FleURGRa axi s

centerline) 11 |?sslﬁal ustraitgeglﬁpgigm1 : ng e %rp? Steg%ﬂ%éﬁtv’é’% al

wall 12, bot tbﬁﬁeeioébcmcmmmmﬁmw ﬁ@tmﬁiee@sts %regé}lt vl 1
'S

12 has a ci rcllljllvar i nner periphery; coaxial with axis ) V\all
grounded, i.e™V*™9TC and RF reference potentials. Vacuum punp 9 10

JTRi ntai nssthe int eREfrerel i CRATREH %E”.g order of 0.001 to
500 torn. during pI’OCeeSSI ng. Theeli(ﬂt I or g@%@‘ﬁ%é hqe(selflr? ‘1”"&&'&%‘0‘&%?# ned
pl asma regi onV®uumetbambnrw lhavmgrlmﬂmmﬂﬁﬁﬂ yxig I(mecg;lagrhﬁ@ 1101 if@@@raaf 2500t t om
el ectrode asse boundary close to the bottom face of top

el ectrode ass® glci“%f‘??ély ciiye gagial walbi2, ch?ﬁpmﬂdct}:ﬂ@sammlﬂglla r:m& to;sd
b as a bott oy oou aseem? 1A OWelt O el IR berthery, SHET bl ©

to as a bottomelectro

electric i nSLNVaﬂllﬁgsgmugdddZ;eWatDtTanﬂRElfdfeﬂeﬁceﬁcﬂ@ﬂﬁﬂéi VQctﬁﬁlﬁﬁmp@r OU”dEd
El ectrode assenbly 13 includes «circular,” central

base 19 charrb%gjs[ tﬂ
metal el €ct r SHET %fﬂ*?@f@é&k%bervmﬁ asacaum pnahelordes 060,00 fe500 &ur f ace

for recei Vi n@Gugine a se uct or wafer

havi ng 20 a di a#gtpg%%%tan@g y equalwet% alﬁ%ﬁiﬁ? ??@E@PSBF T8§oRBect r ode
16. When wor lbgiveesn alﬂcﬁtonsbqnnﬂp@rdlqseltatﬁéﬁp&‘acd dfhotiefi @l&cﬂ-&de%béﬁﬁ gq@tan\ql th
axis 11. Electrode 1 é connected to a DC chucki ng vol tage Source

(not shown) fdPPEP °§R)tl° bettom dagepf tep éb@ﬁ@h@siﬁnhmwgﬂwlm rostatic
forces. The ﬁﬂ?d’r? Snffd ag%% d 18 are controlled in
a manner knosﬁ to Bpée stzdﬂ "Qrﬁﬁﬁ%qs?fa"sﬁ}\ﬁ% gﬁﬁﬁgttl ng hel i um source
20 to alSegion (n(Botts»tmal(ac)trodla asdenttily A8 efrdduchily YeRiréd to £ Wbtidm kRO, Y&l Ve
22, responsiv el.e i si gnal_ that controller 24 derives In

response to f"i"}x‘gl‘?’@hﬂ@ grdissiesursd te eleetmsinsudatingaingh 17, cvdnchnitllmnsby set .
i car ed by % Eoaneta) sluBAFULE 19 orciph iR ke ey daduetndes *°
el ectrode 16cirgdaRotttaimetatelcctdde 16 4RO ovatidl #hifAxis Wl HlFHsahephb C

i nsul ator ring.28, i.cally
Sitface for %gewmg a’circular workpiece 18, typically a semiconductor wafer having

20 adiameter 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 ;avorkpiece 18to
electrode 16 using electrostatic forces. The temperature'of electrode 16 and
workpiece 18 are controlled in a 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, as indicated by a signal derived
by temperature monitor 26 embedded in electrode 16.
30 Boftom electrode assembly 13 also includes electric insulator ring 28, typically
made of quartz. Ring 28 is secured o 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
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made of quartz. Ring 28 is secured to the top face of insulator ring 17, is
coaxial with axis 11 and--has an inner dianmeter substantially equal to the
di anet er of workpiece 18 so that the periphery of workpiece 18, when the
wor kpi ece is properly in place, alnost 5 abuts the inner periphery of ring
28. The portion of the top face of ring 17 outside ring 28 and the side
vel | of rin%&%@é&ﬁp@ﬁﬁ&@bfﬁﬁg%@@&pbm@ﬁhamsbmceuﬂﬂﬁglnmtsadering
32, respectively. Insulating ring 33 is overlaid by netal electrode ring 34
that can be rimg28 antl the sideawell ofiring 17 ateenpyeredru ing yingf33cind |zsounded or

conductive 5 erial. Electrjcally .conducijve ri,ng .34 angd .t aye hat
covers or cdaete! e g#’ewm VeRt r”fnﬁqjt ﬁéfveﬁlﬁ@sbyn%‘famg%lﬁ?qgcf#er%t{éﬂ he
chem stry Ofthli[ﬂ:‘%nm rddbr @He Wik a BYE InoPsHEWH dfdiclbdrid o strdablive

gh ¢

relatively hi onductivity seni conductor, e.g., intrinsic silicon.
Al t er nat 5 vel material §l&tricallyecomductiveaingsideanddahe daysn ithatlsb vers oncasémit ard madeé ng

retectri . ol malHakiRrdoqs i codamats e Shetgf Lot B STtk icbion 8" Suck ™
el ectrical | Ya @gﬁﬁ%ﬂs%ﬁﬁbg %}bgﬁg )Pli%ﬂ %daaﬁﬁwﬁmﬁbﬁmct&i & guUmRtiAgEes.

Ri ngs 33 an are coaxl a and ~ extend horizontally between
the outer edglicoal Alhermativellyaitg Bt aaneehddverddba duitablgno2gontomathgct r ode

assenbly 14 includes central el ectrode , coaxial ,wWwth axis . 11,. 15 and
havi ng a botmw%&naééwémﬁwﬁﬁwﬁfmgw&%ﬁm &1 ]?yn‘%‘Fécg%i con

that = degs nelusai Ak @%ﬁd&?ﬁﬁrﬁﬂ%ﬂtﬁﬂ%ﬂ?& SftfcIBLAR ARy bdhribBidd Blgbunded

El ectrode 3 Intern passages (not shown) and nunerou

shower head openihgaddrthersdiamstantest Ringo3thand 34 atacdalial withlaxw tigkadi on to

a suitable source 37 of process gases that flow through the shqowerhead
openi ngs i nt&tendghasizon WF?@@&E@E%WFE&“? *b“sﬂn%q 120G HPE hat
processes woykpiece 18. El ectrode 36 includes a heating and/or cooling

ar r angenent responsive to an electric signal that controller 24 supplies
to arrangement 4%opyekchodsasbtmbly Memphidsecdntrah ekeetrogodf)tcosiighwith sxisplli ed
to the controller_ by set point source

. ¥ ety

m;m t 23 (ljé npefgthavingd bettandacaiva myle 05§%§?$63’3$°&9ﬂ$@ﬁ3@%8§%@%§&5&%I9Ye |
! _ . ! . o

reret SI rGi nénﬁiﬁﬁlﬂgggrg&gl"sﬁécoax% % th ié(l S ﬁ'ﬂ%ﬁe; 8e'lrg dga&rféé%%{ﬂg (fgar ?2

and appr oxi natedhal pakiagee thodshdwii) aigd nuftrous shgwathdad opemngmet sipew)pbethy
abutting the outer periphery of central ge]ectrode égo Metal ring 40,
coaxi al wi t heoaneeted ;m fipikflow selation e asitablesoprasniy plgworsss gases at flow

abut ting t hey olt ey DELdPAREY Hentdls WiBtioh BWheld t¥ Ehsbd\fe bORMREteR ShibRET Y

of side wall
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 controlter -

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 abutting 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 that ring 40 is at RF and DC ground potential. The lower, inner face of metal
ring_4b 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

6
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30 12 so that ring 40 is at RF and DC ground potential. The |ower, 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

i nsulating material that does not contam nate the 6 chem stry of the plasm

in region 8. ectrlcally sulated fromring 40 and wall 12 by
ring 41 and a%ﬂ%ofléﬁ S AR HTesp s aﬁ'&g"(zﬂéﬁ eﬁmylﬁﬁﬂlatddrfgomhngmb&nd

certain circuwglEeeangad 0 an 12
under other ci rcurf%t a%cesahaggllg?}%?n; t‘ﬁfh%%?%%?gg%&f#‘ﬂ‘@ﬁfﬁf on 8

.has a top bogfdaingirdemeiantesend ibyle¢tipallyhenneitsd i ﬁﬁ%eo ahdwall 12hfg @ﬂ@r 36,
(2) t he bottgmface of insulator ring 38 and (3) the bottomface o}

el ectrode rin HC‘HE taneeF a bot t om boundary determined (1) by the top face of

hsufator ring 28 ana-(3) LA caprr iRl et o Ep it fetmineg
control s theby b)dhﬁgoilﬁntfetta/ﬁffamﬂeﬂmtrbd@Bﬁr(d) mmﬂi@ﬁb@@ﬁﬁbﬁﬁ??%n&ﬂ%@'a%ﬁ 8

by noving th om face o el ectrode assenbly 14 up-an

r)él ati vegt 0 ﬁ)gﬁqé ?éce iy WPQ?H’% é%{ﬁi@cPebOf@E%bﬁ%ldﬁrﬂ&tmnm(liﬁy the

responds to k‘iﬁ@cﬁ 1 {. etvveen t he

facgs of el e? rode assenbl ) g?k@kﬁﬁ%% i‘alftéc‘?g; E%Ffmﬁ%ff&/ age pEingklatar

opti mum vaI ueng 28 aud 63)phe tapchabeof dlectrode fitigS. Vdfor az%ﬁ&&hﬁ@k@@gﬂ -
e

18, as derived fromset point sour

process o$ § | ec
si des of T 8:1\,\% ﬁ’it% 8“%{1351%951@8@!1 Shy Bmumhe bettomdadd of top
o acked | owath iy 148 i 33P0 BB o o

chemstry of the pl asrra in eglo

that is eit rﬁésemlblgdﬁr Matbt 43 Wmas@%&h%ﬁ@b%@ﬂb%ﬁﬁ&%& %“Ch as
quartz) or-: a‘ﬁls I ectr.ical l‘i/ conducti ve (e silicon E)u e) so
that the Io 48 of plectrpda asprpltlics d 3 agd 1f4|a¢an exparihentaldy deterntifedr €

el ectrical | Yop@iinush al H0,Su stantial amount of
plasma _fl ov\%;s throgg% tfhgﬂéﬁgﬁlgﬂ%:?&%%f%%% ?4theﬂgm?&m°fi§ﬁﬂg@ﬁl zed gas
in regibh SW@kpl&peQS,tatsrdmgbdﬁ:bmatpcﬁmtm&rm | ouvers 44 to region 46 in

chanber 10 betwe vva‘ill (8_1 nd r| ng 32, and is punped fromthe interior of
chanber 10 by puﬁg‘%ﬁ‘ Fr & Eﬁﬂaaawg@noﬁa@tmh@ggdmmeedwmkawers 44

are fixedly smRRe® e ertical by a suitable
spaci ng arrasngerre%tlﬁ,%lﬁgdfs 88§Qﬁ{cﬁra}{hg?9 TPt Gom tﬁ‘ﬁﬁ“ﬁ% °§P§P‘D’\f€@% each
ot hfer agd t dlasoratiomegion 8nillhy it chyddamt mad%fhm&&mmit it StheP RS MLy N

confine

insulating (preferably a dielectric, such as quartz) or somewhat electrically conductive
j 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 substantjal 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 by a
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 8 is controlled by a pressure set point that set

30 point source 25 supplies to controller 24 and an output signal of pressure gauge 48 in
region 8. Controiler 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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pl asma region 8. The pressure in region 8 is controlled by a pressure set
point that set 30 point source 25 supplies to controller- 24 and an out put
signal of pressure gauge 48 in region 8 Controller 24 responds to the ~
pressure set point and the output signal of pressure gauge 48 to control
notor 47, and thereby vary the spacing between the bottomface of the

| owest | Ouv%ouéé?%gﬂ%ttﬂ@pfegﬁrtaiff‘e n £ isShhinfAGedo Sehleysuts set poln Ioqywent | vy,

the pressure’in n 8°is maintalined at the pressure set point: Louvers
44 are arr angegle sRatiged ot tholouses ddmohutovein esspensede getivaionpigaetor 43i on

f nmotor 43, t hat the, i fined pl I edi '
Cont ol ed_ idRBARIBAFIY: Blocnqeed spppiigs pasis e Gt pitstietyl e, 1
and 14. 5 Con%ﬁﬁé{’%egéefeg@@é’ﬁeﬁaﬁﬁfPMm- source 50 to control coupling
al di

of various ¥ nations of sever ferent RF frequencies from source
arrangenent 51 t cCorttclier 24 depoids tobét péifit sourcedsD toToatrdl ¢duplingtofiRarious

frequenci es applied to _el ectrodes 34, 36 .and 42 can havengié ftgrent
egi on 8.

16
powers and cembieations pf everal differaniiRl Fegrencis rom SUHEE AHangsHY
In the enbodi,nent. of . Ki,g C r | A& d to
t hree freque‘ﬂ%ﬁ%é’geﬂ%r#s%?%%z%r @%&?@%nt%&?@%ﬁggﬁ%%%%ﬁw, 3d4(11,%§21%gp and
42. Source a34,863A@8D cad havesdiietais poatsdnd sontoel differegt pheneencnapd tiat e

sources 52, 4 and 56 that can be fixed frequency sources, b re.
preferably Ipimhvleqopﬁnéﬁre&ﬂlb& n @q&&h&’ﬁ“%i"%E@/‘B‘? i’. c%n'togieﬁg% éﬂﬁ%"&éﬁf ce
arrangeyrent 51..inc ) si nagl. r 1148, _ kKve
three s ectaé’ghﬁ"é%ﬁ’gtﬁﬁeggqufﬁégﬁ %%ﬂp%\%ié@ %Tgégé(%émﬁrliztégléfg% ggigg’i%t?gg

vari abl e powgyd £aigbulte RRBEmaS 1 isiiBisratedvasiigcluding divee sépazaeanucepa.s

bands that are varied as the frequency of the sourc SSE‘(?:i ated with
particul ar %@dﬁﬁ@ﬂtqwhﬁaﬁxﬁcﬁe@@ﬂ@ﬁ@@ﬁ&mé&’&wgﬂﬁgﬁ waoves, vasgble, o 5

has an assoclLated fr enc nd | TP e

f requency ofﬁ%{??%o%’gag?s‘i #@?@??\ﬁ%@?ﬁ Weiig%ggﬁ %‘gt%smgen %gg&tﬁgﬁd 10
MHz, the freguapsiecthata defive fhres séitctad BoquendicanThe bov poerrr idrbbdrived 150
MHz, and the frequency of source 56 is in a_ e between

> / relatively high ran
27 Mz Bhd 3@Godisted vmmlﬂﬁpow@tmmn@wmhﬁmwabk%ﬁﬂ BA%Si es of

sources 52, 54 .and 56 were res i vel : 60 MHz.
Vari ous corrb‘?aﬁ’gf p@ﬁ@’%@?ﬁf ﬁ%@%@ﬁ‘éﬁ%ﬁf‘g‘ﬁ?‘?ﬁ%gﬁ%ﬁ? vg%ht e RF energy
applied to raghPferds MriiCtTd ihes élids badhufisoamteos2 tHamleiGhdsyancdssqiatedn, t he

ion 25 energy ‘and the DC bias, volta%tra of the_plasma in confined e.gi.on 8,
and the chenfrequency aifd paveersetinge 8 and 39 Topically e Heauensy aliseurcgP2d8 iR tes 54

and 56 cont rl%katitvgl%( 18&%—%;?&}{9{“,8;“ i&f" kﬁlz %3d"f0 Mz, the frequency of source 54 isin a
20  midrange between 10 MHz and 150 MHz, and the frequency of source 56 isin a
relatively high range between 27 MHz and 300 MHz. In one actually tested
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 etchant molecules in the
| plasxﬁa as frequency increases. The high frequencies applied to the plasma result in

greater molecular fragmentation.



because greater dissociation of the plasma occurs as the plasma excitation
frequency increases, if all other significant plasnma excitation parameters
" remain constant. In 30 particular, there is an increase in the percentage
of lighter etchant nolecules in the plasm as frequency increases. The

hi gh frequencies applied to the plasma result in greater nolecul ar
fragnentation. 8 1@\'1'9@' 1&0&9 >t ¢ . ] I

conbi nati ons of requer'?m esdﬁaﬁggﬁﬁé‘%gﬁ]ﬂggﬁ%ﬁa@ﬁgﬁﬁ%%zﬁbl es
the pl asma tandlpewess fkamedudfces 52,84 DdSE6 guables iesplastugito bd @ilpred thegarionkf or m
or. non-uni form plasnma density, ion energy and nolecular fragnmentation.. 5
Control | er PHRASESGicrdoPEOHLE oy ginarsiniform plasmadensitysiomeserayendnd t he
RF out puts afgenent 51 to control the application of several
frequenci es IB{FI?%%{:O cenrtarrangerrent 51 to electrodes 16, 34, 36 and 42 in
vari ous onbi nat iGosrollan®4 pepondsetb ottt sighals fivad sdt ol ko 30iafe e REEt

poi nt source 50 activates controller 24 so (1), at |east one of the

f r equenci es,Ouws Qﬁﬁ%emg?m@g ¥irte gontrel the applicatien efiseverl fipqaenci®s and 56

dri | ect ile el ectyod - 36, e grounded:. (2) at
oast two oft ke et BruheRiehe ! B aBumites 16,36 36 st 8 YR URShipicas
el ectrodes Ladpesnutafonsitha pattiuldreatadiden/ vt feinficires SO ACRALes(Bhroldy One

of sources 54 or 56 drives either electrode 16 or 36 or only source 52

‘dlr}i ves el ectftcadLnd leashpaeobibe feguenciesghut upig ali theee dregnonmiess frony surces ]
ar ound o o 8% 7 s 3B oRANE SRl B BlofR iy o A R e ol A 1

and/ or sour teasbtivd of the frefi@Rie Trick Sotrdes? SN sbitbe B4 ahe 56 Aeive QIRIrBARA 6 and
el ectrodes 16, 36, and 42 have various connections to sources 52, 54, and

'56; and (5) 36rduleralertrodes 34 andid? grergreyndedi(3) enbrongnf/seurcen i ov56 drives | s

cource 59 Sl iolt 362y 56 o Shiy PRS2 eivBE SRoREK o, Rrileeqtd SV ©
remai ni ng ehadd? efogoliled3 M) oldtthods 34 B @iveAlyRdGirce B2 MM dr@Barck 345RW Ces 52,

54, and 56. Reference is now nade to Figure 2 of the draw 'gg a bl ock
di agr arh3i ncrorpestyd te grovad iy p filtpr baviug)a passibiand fathe Sequancy of sowke 52Zoupl i ng

Low f requendgVBEHEE s b, HoalBition HREHIA G n Qo s tRafi B . *°
el ectrode afd ¢2 hived ¥pivue bemidctioss Vst 52,153, add56; tndl (SPelectidtt AUsPUt  Of

source 52 is .coupled to .
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 to
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 fo provide approximate matching between the output impedance of

30  source 52 and the expected impedance of the plasma in region 8 for the :Ereqﬁency of

source 52. Sensor 60 derives output 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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mat ch/ t unabl e ground network 58 via voltage, current and phase angl e sensor
60, as well as switches 62 and 64. Network 58 includes_variable reactances
havi ng values that are preset to provide approxi mate matchi ng between the
out put i npedance of 30 source 52 and the expected i npedance of the plasna

in region 8 for the frequetgcy of source 52. Sensor 60 derives output
si gnal s i ndi esasoy 80 spPRliRg thesecarent velizgsand ohasansle signals tacontrodler 66,

52 and o ound i oo 19 ey Borsdf e L BRI e ana O
current. 9 &ﬂﬂmﬁaﬁﬁpmmlibﬁi&déﬂ&matm&%én,tﬂé%dt?ﬁ‘in@edaﬂ%l%%ﬁmﬁea'52

signals to controller 66, ch responds to themto control the frequency
of source 522ebthedinpedancenf theplestan at the feqpensyiofsoiuep S84n eenanmeckndyed teeen

frequency. or HeSt RRECLH! R BanBondREiCAe GeURERT 08 Salee P2 Rrdt fesdr 60
Addi ti onal | ysugplie§ Hifesé ERGRNEOIRE 28 Ph&‘s‘é_aﬁglei sSarddiRHichS8§Rls mhe,aﬁgpl i es

these current, vol tage_and phase angle signals which responds to themto
control the ¢enttalithevariable eaciancesfof matchimpetwerko8 ito BRirtainrmesubstantially

substanti al | recise,iinpendence match petween, t he out put | npedance of
source 52 anérefﬁg MP?H‘L?&HEE%?E%G‘EF&W%%PH mmpedapge Pfﬁﬁ’gmg%f €ource 52
in a manner ihouMdché: ¢HRE Bl S| ' 5913 | ces
of network 58, whgn rratchgda%ﬂlgr Etﬂéagﬁug%yni%g%&t%n%?%ﬁ?ghmgﬁg{nogg of
source %9 t osigHedintbe artl Ghhei vapebimremtpeehof datwotlh 58, fwlemumached)y resour ce 52

our ces 54 MProREgy el 1 fhe RPGIEN ol Baren > Ll poEdea on motmee path
subst ant i al Imaﬁé&&g{ﬁh@yof@o@ceﬁﬁﬁ&haﬁeéﬁen@%&wﬂsggﬁ?%&ﬁné{ﬁ%@@ﬁugncy of

source 52 15 changes in response to set point chang ereo
oper at or, cofrequsinties 0fgources Feapbiisaihhtthe freqesndi¢sfisoaries 64 asd 66 aret wor k

58 t i nt ai h [ .path f t f 52 d
2ppr oxi mat ¢ THREERTAY BUFIBER: F ey MoPHLI- A5 LHAeARoL ereer e dance
of the p§asiEhahgés ltesdondduris pomdt cRRAHEE hortor by laniobetifdiSbdkdiiebs 30! © when

source 52 drives electrodes 16 for electric fields at requency of
source 52 t ocastsisponstingly tvarienthelreastanueeaf ridwarkds B mamtdihile lowdmpedet r ode

36 is selectiyvel onnected to groynd through switch 65 and bandpass filter
67, having apa\éﬁﬁ%/réﬁe- F%?Péﬁé‘fs‘é‘ﬁﬁﬁggtaﬁ& APRIORITIALS Flatehing befyesn B sevtsece 52,

as set by tdHRp@RRERESN aﬁa@ﬁ@&gﬂaﬁh filkha SRS our ce
52 flows froﬂ]ﬁpel ec.lzjtéérlogg 36 to roun‘ﬁac{ hrogg ?iltni'ge]lfg%gglﬁ C ﬁ%rgégﬁl ar ge
i npedance to the Riswsualiydesirable whes soree2 deivasrdedifodas 16 foralehic Selds at
subst anjg al ltﬁe ?rleggektﬁ:y%'f’rs&?rgg 53tto Eug)esist between electrodes 16 and 36. To this end,

electrode 36 is selectively connected 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 tﬁerefore 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, swiiches 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 coatroller 24 so that
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frequencies of sources 54 and 56. Under this circunstance, it is frequently
, desiyable to connect electrodes 34 and 42 to DC and RF ground, a result
achi eved by controller 24 closing switches 69 and 71, respectively
connected between el'ectrodes 34 and 42 and ground. For other purposes,
controller 24 grounds el ectrode 16 for RF and DC by 30 closing switch 72,
round. In normal operation while source

connected bet elect e 16 and I )

52 drives el gg@?’ﬁﬁ%@%‘}‘i %“FE‘F?&’&@! silgaag st teppimais resiston GRarid 10, bothadfed.
However, undevhich RAgve ¢4 SsLHRA i) r i coupl ed from

el ectrode 16, swi.tcheegdl{éz andﬁgﬁuﬁéﬁsgﬁeég%gﬁa% %s%‘oﬁﬁfe‘g’ﬁg&}n%lﬂ%lﬁ 10
.h switches 62fzpsistons GBamddPtary edmeetad &ygrobind 36 thae When 3birc0521€3i3hBlg 68

and 70, both .of | C ve val ues equal to the output i|npedance of Source
52. The secorﬁ’nwignﬁ{rﬂ‘g? Eétﬁef"?%‘éti@ts%‘irﬁeé@dﬁlﬁés ¥ tpadmeatchmdtodbe dutpat gr ound so
hat whend soungeisiel I rode .16 the output of source
52 drives a Iogd et (k:) ggﬁﬁ'ﬁ%}q{) hgg%eﬁg%eggcgﬁ |1§%%Sdglheclé‘p%tfte'§5'&?%é&51ﬂw@hé§r

these condi t Ronennnetted acnosd resistors T0$a5the impedaes ﬁoﬁﬁele&f@decm%ﬁﬁxg%a ross
resistors 70@0 Itlhe i n{)edance fromelectrode 16 | ooking back 1 nfo the
out put t er ni 4P 1putpEt rppipalsof networle 58 imibe semajae whew souree 52 is eouptedioed t o

el ectrode 16elekbhoddd .t frRUAdIREC 8.1s tuned.approximtely to the
frequency of esoﬁrclejé 58, n§%%)?%§§§ p%{ﬂéseszlsﬂe&ﬁwm%&t%eﬂﬁmmy

friequency of ofsmreeSs hetlorki5prelidstd oUcinyfedahicO @ik & n L Lcal try of
70 and a high %lﬁrlpeielgbéﬁgse&g%e%e

t k.58 t d h i st
frequendd”of Reieatods Yethigh e tbhesiesttty dbndwork 58 togyoruteh thrbuglesbor tor
circuitry of ' h g esist 7 d frequency source
24 “havi g a3 ehd 8 ket Babe Ak 86 AILEHY beB3IRS B4 s Hompclopitideod y o
el ectrode 36thrqigh the tinedlctctihgdeacthbriass (6 roundhbafteRiiatop 7ol 4) only 15
36

el ectrode 34, (5) Hl el ectrode 42, (6) both el ectfodes 34 and
si mul t aneousl v, (1# Pecy sece dtdiaveg affequercy FPadan alnive () gnly aledtr6@ bot h

el ect rodes 35 gorlf olchiri SQVHUH Yoot Sucs q?ﬁd?@%%gf&%gﬁ%&&% orly >ource

54 is coupled to three positi coaxl a

second But plecteodsiaal oni alattiode 4y, ) borslaskddes 94 kP36 OmRIBROLHATY) ©
ground netwq)r 76 a&% 78 at separate times. Networks 76 an are
i dentical t>o%hEIRFCl? _r34 42 sqnyltgneovsly, and(Bxb@b electrodyst 36 dmak 4net wor ks 76

and 78 pro%ﬁrﬁmtﬁﬁgogggng and a tunable ground for the frequency of source
54. As such, networks 76 and 78 pass current and voltage at the frequency

of source 54, butTdtheskends, the output of source 54 is coupled to three position coaxial RF

switch 74, having first and second output terminals selectively connected to drive
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 respounse to a recipe
30 program 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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current and voltage at the-frequencies of sources 52 and 56. Switch 74
includes a third 25 term nal 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 spbiidwel astél%iﬁtch%é 84 pAd 86, reRidctively s8lRchivily benneeid togpowdd y by

the operator or automatically by controller 24 in response to a_re;ifpe 30
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term nal s of worK 76 via vol t age, current and phase angle 11 sensor 82,
as wel | 5as swipectiesy Bdnrroitd 86 grouad tieougl edsistare S8 and 8Py Cosimedlexsdd2:andgr ound

th h ISt 88 and 90. P iy | iLed f th d
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| nput term '&n%oﬁef%ﬁjg\;ﬁgﬁog%%péga tdf Bl AGSuts HPEdROE PNEHITPRRA Gagdier Sensor

92, as well as "sw 5 respectively connected to ground
through resiighas so Sshirl thel@uesGftie Bhétences bf detrmk 766ad FBanddbe Gequensyy

associ ated with networks 76 and 78, ﬁ% \AﬁlJp as enSOﬁS 826§nd 92.

Cont r ol | er s Of@ours§4 10 thersamsgpannes as descabed,srea fgr copelietd®s ang 92 and :
oper at i nput's e ¢d ROGRS sidnalek¥@r k 76 and
78 ando‘{q'ue frequeﬁ%ﬁggg%ﬁg%ﬁér%gﬂg él@% eoigﬁ%dﬁnner asS escri bed supra

for contr ol IcehtrSfer 2400 Beleetivalp soririconthe oatiut of Retvark 76 o ¢l6trods poads t o
control signals from controller 24-tq sel ect'v%l connect the o t of
760 T35

network 76 tedectiode BfoRropes cpuit eyl g nglwor CLResULen cq put of

net work 76. LI | . ' ' ; I on
W th swi t on TOSRRYRRBa T CoMbhor Wi WL 06 89 rapBhiinglo LA Mt |

sel ecti vel y figiiReatrolldr4ab seluttively cueinecirtiie d8tpubofhetwiorlo@® t@electrodes36 or

el ectrode 42, or open circuit the output of network 8. \Wile controller 24
activatks slgatwode %& ?Td;R?&EIHF’@t ﬁ?@‘&!ﬁ&fﬂewmg(?g?éghéﬁc?‘?ﬂ&r\% raﬁh‘f%t?st he
control |l er as%i{(_-ﬁ;ﬂaitzﬁﬁ coﬁ%qetet%{?% "% 6&0&&??@% nEﬁ@orf&%Pﬂfe c%trBﬁ&NRE'&at?:@ to

ei ther el ectrode 16 or controller” 24 causes the out put of
network 76 tgevikl 106UPlceshdcothelohgut oflaetik®rib Y6 ta aitisirripctaile 4 or électodmddge
the first output termnal of switch 74, t econtrollert(é‘F 20.0 ﬁg switch

72 to prevedf cantealler 3d causss thegratmdiof gerak {8da bssauplsd tpde, or
I i tch . PRI
gl giffoz\g S%augkg%tgg”etc ?@ﬁ%&aﬁ%ﬁ%ﬁx@?@ftﬁé}%ﬁ caﬁfgég?%thﬁfe%tct)%%t of I(’lle)tV\DI‘k

76 to bm coupleislswiich 72 to prevent electrode 16 from being grounded and (2) either apens or

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

respectively. If controller 24 causes the output of network 76 to be coupled to
electrode 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
network 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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‘el ectrode 34 by causing switch 74 to engage the first_ output term nal of
switch 74, the controller (1) opens switch 69 to prevent electrode 34 from
bei ng grounded and (2)>25 either opens or closes switch 72 to decoupl e

el ectrode 16 fromground or to ground electrode 16, respectively. If
controller 24 causes the output of network 78 to be coupled to el ectrode
36 by causing switch 74 to engage the second output termnal of switch 74,

the cont rol |EemgIoungaria seqynd elecirede 3G.aesmrrtively. Boogiolien4 aitivates switcR6,
when cl osed, 2).1:61 . open . closes switch 71 to_dec | e el ectrode
42 from 30 g?%&&géﬁ*hﬁglt%tff)um 5‘%%@%@%8@%2“@&%8&%% Zﬁ.ialf‘fygd’ﬁﬂrﬁll??rer 24
causes the Qaftivates swirclicd®ok 77,572 4119066 pRivesit &y 6t eBshioAEE16! 3406 6RMST NY
switch 74 to engage the second output termnal of switch 74, the

control | er (3t apeopnestzgiie thermtpy teminalp bEneimotk d6 ad/ony Freat being 42 and
(2) either g Slieq" cl oses switch 110 to decouple electrode 36 12 from
ground or to ground el ectrode 36, respectively. If controller 24 activates

swtch 74 so th&ﬁgﬁpﬁ@hgﬁy%&imhﬁwg%ue%ml Eﬁﬁ&mgoﬁ%éﬁ@&’éﬂ%ks 76

and 78, controller 24 activates sw tches , 72 and 1 prevent any

of el ect r oded, {2 onbueledender3ts (3) bottaelectrasles 4 nnd 86 dimuitaneousiyt@idnlyer mi nal s

f t k 7 /[ f _ 1,Ng,5 i fre ] 56,
having a fr BN 43T oty WhetGul B ol Hiftrerro it and 8 Seesagmmupte (Bot r ode
36, (3) bot fboﬂ{éléétfd@!é@?»dl%ﬁdﬂﬁ%ﬁ@lta’ilb@wl}%&g?sﬂdfhefe@ro@éy%an‘?l'@CtrOde 34,
(5) only electrode 42, (6) both el ectrodes and 36 simultaneously, (7)

bot h el Htt r stpultadgoushyt 42 sinul t aneously, and (8) both el ectrodes 36 and 42
10 si mul t aneousl t hese, end t he out .of source 56 drives circuitry
that is identi calytot%g‘eﬁe .%g’ %‘FPB@H? %3%5'%31‘?358“3'41%&??} § 1degliead 4o thenat t he
mat ch/ t unable@cgitrg Wia soaiceBUkdived, 2xaii that Ik RSGA/IBIHEIoW £€1 PPafY ©

- netwr
preset to be tuned to the nom nal frequency of source 56 so networks 112
and 114 pasd I pesogigtadonth seutce 56 aregueset trbestuned to $i6 nobuiral Feqobmykoft he

t d | t f 5 d 54. Th t.h t put of . 56 i
coup ed o (ireh 3 e PoriRkt b a1 bass e rebitend Vaiiy Bpm Srctb Bt and
third ot publock@idduing ahd $oRAEe ofebicSIARE 41 Tﬂlsgfﬁe‘éﬁlg?lﬁto‘f@?&%eﬁ%?s and

114 and splitter 118, having first and second output term nals connected
to drive i npotplediorthregipositon coexiabRR swittl? 1 i daving first sedondsind dhirdutitput

termnals of _swtch 11 nd splitier, 118 are 2 el | vel] y .connected to
t he i nput tgemﬁ?;ﬁ%s%chxg ¢ Pﬁ .t‘?f‘tetp\fab’rvﬁnf r&?gl%ﬁ‘fgge?ﬂdwémiand phase
angl e sensohadinfirsd Snd'Bédond Dufit trBmlslcrndded iddriveablitiehRfafaond

networks 112 and 114. The first output terminals of switch 116 and splitter 118 are

20  selectively connected to the input terminals ofmatching 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 connectﬁthe output of network 112 to either electrode 16 or electrode 34 or to neither
electrode 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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output termnals of switch 116 and splitter 118 are sel ectively connected
to the input termnals of matching network 114 via voltage, current and
phase angl e 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 inpedance

of source 56gfdaithedlt | ®and 185 RAdatkSSwRdlRs 69SPES&td VY 16 présst@hpbed Wi th
networks 112 and 114, as well as sensors 120 and 126, to control networks

112 and 114, elegiragdes [L6a34,130c0r420yhishaye ernneeiad teths®uimmd temuhile of getwadks vat es

(1) three posjtion coaxial .switch 140 to selectivel 30..conm t.he .out put
of ' networ k- 152 40 Hi4 ot Bt erodderh &s gfecBpel inst i Sompist Wi e ety "
el ectrode 163Q5cis8HWitlPsirdds4.and (2) three position coaxial switch 142 to
selectively connect the output of matching network 114 to either el ectrode
36 or el &ctrode 4Controller4vsitivites thed walous dwitBigesarf Fegwe 2riogeovide giant r ol | er
24, in conjunction Wth activation .13 of switches 116 and 142, act.ivates
ow t ches 69, versalinete g vAgops vihaipgs & peppuGHogyathegeveral figorsics
phich are COMARGINYS difptiel 6 eRUKIES 16251 JtPduy £ FfleARuSf, t'iBulRfbaiuld 11 O™
bei ng grounded, as described supra in connection with e circurtry

associ at ed wartdhigh fieqeeriedes df sGorvies S2) B arithls tacini beedimalthismushyrapplied ®n t ches

f Fi 2 to provide greaf . versatili to the variou ombi_nati ons and
e mutat o lrtdd el Sitenes doe L rad 110 idcloten 1o Brog etots 1 brddos
16, 34, 136 . Hg;g,gid ' ' f
sourceslgz, a@% gﬁ%erggésgﬁ%ggls?ﬁu ,?%iéﬁég%%t y gégfit%%%égéﬁgﬁégggrgg echgsvmoi | e

swi t ches 69, figdueacids b Sovaces 59, Sdandt56 igslowtsl tol geotndnigiasds c@tinetdni 0 42.

Under these circunstances, different, porfions of the ener at each of, the
frequenci es GBI08Ry A8 &L ,°f5’*zle°é'ﬁ‘éi%9£§‘ Wpé%ﬁP@cPlf‘ﬁf%“d@rf&%‘?\gfﬁPﬁgﬂﬁwnnﬁ -

confi nenment ' | @%@QE f

el ectrode 160ftreg t g&g??ﬁﬁd& &%m%%ogt%g%ﬁe%@fgggsc% , 1=:ana 121(2)@2_%1&1
amount of enk3 gyupddd famieleftrddedguents gouhd poletiaind eldefrodespd, 86 dhddhis a

I 1 h d pqotential of electrodes, 34, 3 d 42 | 15
Functi of of Eastiarer (1) e WALAIFRES SSCFHeEv R EA00a 1hE tres Rerimeiss () the
frequenci es, g; | t )1 ¢t

di st ance bet(\i/\lé%%cée ecf %gltgg@q%sgﬁd&@?a ’ @32% ?1%1&??1% I'S gir%gtem%éeétl\?egéﬁ 34,

el ectrodes 3dndgHythéistahe: Whtweanelesirdies 36 and Ude Thadistarges between did vrtousf

el ectrodes in chanber 10 are _controlled by the (gltilaorretry of the electrodes

and by not orcopinglins of glecgrodesinchambeitl) g erpiralisd by Wgserosty Af Bieves
applying t heelé&fﬁ‘d@@gnmhﬁ%r 47, inter alia.

20 A second exemplary situation involves applying the low and medium
frequencies o 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
path is 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 4

25  tothe 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 te_ndeﬁcy 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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frequencies to bottom el ectrode 16, while applying the high frequency to

, top electrode 36, while grounding el ectrodes 34 and 42 and closing switch
65 so a |low i npedance path is provided through bandpass filter 67 for only
the | ow frequency fromelectrode 36 to ground. In addition, switches 96
and 142 are activated to connect electrode 36 25 to the output term nal of
network 78 and the input termnal of network 78 to ground through resistor

100, resul tinéd are effectiveliy bpadascEliga oy melw%@q‘e%@ﬁg@%ﬁfﬂﬁeﬁ ﬁ%}g ot from

el ectrode 36 for the m d-frequency of source 54.

frequency of€ ekths dugh-equeneyt. iwawm@werkmmgmﬁgglﬁh@‘édm 36
d 42, the : ' he, hi f.requ has_a tendency to renain
‘Spi marily i ne‘{hﬁgﬁ%ip%%?];egﬁ’# @{ﬁo%ﬁ g%ﬁ“‘?i@ FB?P%@%E*@‘%BFM%%C}P ﬁpm%/ﬁlmoﬁel ar ge

electric fiellb.density for dissociation purposes to the gas flowi ng from

source 37.into region 8. The electric field at the high frequency does not
‘have a tehdency t g[“b‘@ngé'ﬂﬁ? the lect¢ Geldrassirridied béhaugleftqeney F3, e eli@ﬂ‘ic
t wor ks

| npedance pat i uency fr electrode 16 to ground.
58 and 14 76 ﬁa‘?@%"%’?‘?@% "\g@i‘ Iy‘feﬁﬁw%ﬁw?ﬁ %ﬁ SOUEGSy 52 g¥dends froam dlenodails to

frequenci es t(hpélectejdecdq; (Dléciidlic 86 b3 qgu ecause networ ks 58
and 76 have a hi gh irrppda?ce to ihe h?g)hmlgr?{aog%ggbﬁgx%smt%d 76

decoupl e t he HagmmKinalesforle dhflomsdbrongh thibow npedas@Paliost ik éﬂ?
1eld

-eliectric fiel S Q& éﬁg |t i gh. f uency. F3, the electric f

associ at ed ng??] thg&}n% P}g%utgﬁ%g‘ﬁcﬁggﬁﬂ?@@d%ﬂéﬁ?mﬂﬂmmrode 16
to (1) 18 ecenegy théughodl répicicgr ode 36 and (3) el ectrode 42. The resulting
current at frequency Fl in electrode 36 flows through the | ow i npedance

LR P equenght o, Duel skt i gy TRk stSaRaR! o0
Wi requen . Ch S0 ner r oughou i . i
field asgoci glt e ﬁ%%@%“&ﬁ?#f}gﬁg@ﬁ%@wﬁ “%Hlﬁsé‘éekgﬁ%hﬁ;dsd ta leseer | y
from el ect r oeetedtfotefecabae 12.0¥Re A4ultR ggﬁkﬁt d¥re Hel%&ﬁﬁ}tir&%?q%’xggﬁ é& d 1o a

| esser extept to electrode 42, The ting curr WS2 in

el ectrode 36¥PugRsthe {ow supedanerpatb wf hetperla 18 ¢o paiufd 9fa SEtNRS ¥087§1&96Q{1&’“nd
via sw jgheslf qg¢ 96 and 15 resistor '100. A third exenplary situation

i nvol ves appl ying the | ow and nedium frequencies to bottomelectrode 16
and the medi um f r Aqhizd eyerhflaiyOdtugi&s inve gﬂg:o roundi el ectrodes 34
and 42 and closing sw tch l'6’615 so a |l ow iﬁrrgg%ggl e dé?ﬁ’%ﬂ&ﬁ}fa ed for only
the low fr eqtlEFél’t'@V’IPﬁ rictiosteledtnleds and the mediln FeQuaiby BAdBRAG rode 36

while grounding electrodes 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
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 causes switches 140 and 142 to 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. Asa result, electric fields at
30 the mec;ium ﬁrequeﬁcy 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 frequencies to electrode 36, while electrodes 34 and 42
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20 filter 67. Thereby, the.low frequency of source 52 is coupled to the
plasma in region 8 in the same manner as described supr.a for the second
exenpl ary situation. The high frequency of source 56 i's not a factor for
the third exenplary situation because controller 24 causes sw tches 140
and 142 to engage the open circuited termnals thereof. The nmedi um

f f 54 is coupl ed | d 36 i f
S toh 74 oHEEgPwtes 4n i SRR RATORrT AP Gl (L W EehER 7 and 118 b e ©
responsive %%]cg%;&gﬁ%'ﬁo%% : e%?}tgf&vﬁéhes%stahalmrso% Sfputteieihabwitneteckl 06

and 108 so uts networks 76 and 78 resgectivqu drive
el ectrodes 1%aadd136Gre csansatedienglbgtrodedte €1 )rswitcheed4iandi$6 shtherspitum

f | ed bet 1) el ectrodes 16 and .3 t 16
and 3. andiepmpnals efRetpadk seeameRsad Inscsar e (D aitnts 14%4d Lt 88°30
the med ;Jimof,gp?@ ot ﬁXalE‘Bf E&&o@ﬁ@&%r&ﬂ%{nw‘? ndif 1261 (5) BRitchE RELdnd 140

di ssoci roughout reglon ourth exenplary Situation involves
appl yi ng t hgo tiyvmitp@iauehieylsiof newesks 6lend 162 arectespivetivalyicomnested thielgetrode

f ' t | ectrode 36, while_ electrod 34 and 4 15 ded.
I thi s sit Bendepee et e @) suisphertoand 0 < e It topmioglso AEPHR e
second posi %gﬂr{g&gaefﬁg%ﬁlgé%atosggﬁ_‘%gﬁ?rg&gﬁrmr;% aﬁ? 1?%%3%8%1% ermnal s

of network conn ectrode 36 sw tchés 94 and

96 so the i mRmbeqcAfly] haley abqiaicywor kowBess Zhasarloscingrdencegeths fomo2, (4)
switches 128 and 130 so the 5 input term naIg gf‘btﬁe wor k 114qfare coggect ed
to send®r 1eBctrody 36¢ gemad throesthbandpass filler 47, U ?Eﬁfﬂ“@éﬁ% SPUrcss

netvor ks 76 4896 e bt SRRIRY 1B e BARE i bRoRAEAA (Row® ABd open

circuited, &R he I nput term nals of networks

76 and 112 a&RnC I8 RsueRcydsfaentetI io ¢alipled i thicpimnti(inaegiot 83n the same -

respectively. Consequently, the | ow frequency of ,soyrces 52 hag a |lo
i mpedance pmmm@mb@cémm@éﬂmapen@pmwwwbﬁmm CEPaAMSe 7,

but the frequenci es,of source 4 ' dance
paths from gf‘??%’rogﬂg‘e(%‘ ugted'?%rﬁai%?f gﬁ??ggﬁpﬁéh %‘ﬁ‘é‘% oW %réé%gggggbf
source 132 i $héeh@dgh thd flssnd S8pions thqd) electBodenl & toezrauribthrovghetwark

descri bed supra for the second exeng)lsary si tuation. Oév isgged nce paths
exi st from {lheswitelpBe andresistan98 ang (Rkelgpiradert? forgre o 8 to

o gr ound ¢ AMbtaRRa ERepioaBgRR ot Bl H¥uerty EOiiBeRp oot RONSRET
42 to groundg faanoedsiketlla¥ betwrdh Sleaitbdé 16ARE36.1 As & reslisthate isipeinmegi um

frequency are in réegion 8 between el ectrodes )
control of ion distribution in the upper portion of region 8, as well as across the center

20  portion 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 betweén electrodes 16 and 36 for the high frequency ;T
of source 56 because.electmde 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 54 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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36 and 42, as well as between electrodes 16 and 36. As a result, there is
prinmary control of ion distribution in the upper portion of region 8, as
wel | as across the center 20 portion of region 8 between el ectrodes 16 and
36. The only |ow i npedance path for the high frequency of source 56 for
this situation is between el ectrodes 36 and 42. There is no | ow i npedance

pat h between el ectrodes 16 and 36_for. the high frequency of _ source 56
because el ecPll?’ffH%mi’@g}oél %’ééﬁ?}'ﬁ]’%ﬂffﬂm}f%1%‘&%@@%@%@%“@@-@@9%5& 112
by virtue of ' ; B8l 4 ' %i [19' el

el ectrodes 356§éﬁ5&ﬁ5é§91S%%?Q‘%Ng‘eﬁlgsgc&bgt?g%ﬁgﬁgﬁo %gglrce 5} é\{%gg%rhﬂl?hat

t he i npedancérst exenpfleryhsitghtiort.r Ehpiplaaya inregiog!s i hot pifasarbpeicgnrelescyodes
" 34 and 36 is gubstantjally greater than the inpedance between el ectrodes
36 and 42. cﬁﬁ@@%ﬁﬁe‘iﬁtﬁf’y:‘hetweme@qm scd derinimn the ghirdoxgmplany situatianst s t he

| asma 1§ region ' | . the secopd
gxerrpl alr§ Si '? :Jat i %ném%%ﬁi%&%g%vgﬁ%% ‘%ﬁato Iﬁ%ﬁ{tﬁf%@n?w%eﬁg I um
frequenci es Bignseduscaty B loanflequiney 6f opRiei 32ds tonhetedancRcasds p6land 6, Whil e

each of electrodes 34, 36 and 42 is grounded. To this end, controller 24
activates swWREIHRIRT 3096cs 3 BofREEGe J6ris corinepled to pny pkthasieetrodes: dnshdtar ode 16,

whi | e cl osi tu??&x@ | . | aspa.in.region
8 is ther eb?‘g affe tc&étrﬁ@érh’%gﬂ ﬁsoe\gvgg}ltg? %Jd%%%%gg?%gs%g &geo‘ﬁ’?ﬁ%?ce%'i and
54 in the saasomewhatprigtties ianter! MiteitiveRy\caibIREYE Uin Edr@UARE bifput 6F t he
first exenplary situation. The plasm in regi on 8 is not affected by the
hi gh f ré@uen@iher'a?b%gf seurses J4ind Jdosaef elegedes 16034.136rarrf2. Foriesample; d

exenpl ary sij ' : o) I ' .on controller 24 can
control i he Y b8 Restbalnciidile BHEIER Mafoldy ATbbRE S tEElipreterbionts 16:
source 52 i samd@spediledotyslirg the nieditin Feqiidy of sthirbE54 BEwesR efedirodds Foadce 56
I's connected to any of_ the electrodes. In such a situation, controller 24

cl oses swi t cif- Hnguehy sigkatiopesontoller 2HdJ opens sydtches @D e 82 and 130,9@)rewhat

primitive i n ect, the qutput of 10
G ther o borhvaps Sk P 06 B SRS 176, 1PRApT THNES nd Ml gB ", %

For exahl e,soufces Sy 56 atd resgdctivély apslisdl t6 i tdihGhal bERBIRBERS & ardiOLI4Ce 56
bet ween el ectrodes 16 _and 36, while coupling the nmedi um frequency of

source 54 bdPhertivaies switchascd83amddq so the outputs o€ networks TfaanidoHl4 arent rol | er 24

1 ] | vat i tch 74, 94 d
55 and owi t CRAEBYssfrbae 18, A Surdles sitpesTite SR BloMbiRETn " ang s are
respecti vel yimppddnce gathdfrom Rléctrbds B4 adroumd thAQipNtdssorkS76ad rbdidtor 94 3dr

activates swtches 108 and 142 so the outputs of networks 78 and 114 are
the medium frequency of source 54, and (5) activates switches 140 and 124 so there is

fret

20 alow impedance path from electrode 16 to ground through network 112 and resistor
132 for the high frequency of source 56. Consequently, electric fields are established
mn 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 clectrodes 34 and 36.
Because there is no low impedance path to ground ﬁom electrode 16 for the medium

25  frequency of source 54 there is no substantial electric field established in region §
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 similar_to that described and illustrated can be employed for i)roviding alow
impedéilce 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 sw tches 106 and 86 so there is a
| ow i npedance path fromelectrode 34 to ground through.network 76 and
resistor 94 for the medium frequency of source 54, and (5) activates-
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. ConseqRefireiice 8neoimhde fo Figws 3adfahedladihg, s fematic dRGrAA of af Or
(1) only the high frequency of source 56 between el ectrodes 16_and 36 and
(2) only these¢poad @mmﬁéa%rﬂfyhmb%m cehesmipndimert-pidiigane bissimidar tarite 36.

mod um 25 1 SRR B ARG W Sl Bhbodiefl e DR Sih Hoferyanpde 4 "
establ i shed bhisia@offindmeRiatpoa thaleRRhiOShakberRdNA0 ddrbdsbeomedi um

frequency. Because there is no low inpedance path to ground from el ectrode

34 for ti¥e hilghsdquentlntby embodiment of Bigyre:hdoas not tnoludeslonyerarddiant thd ectri c

field for the high f t abl i shed. | ' t | ect.r odes 34
e g SR RSt PR B S B oS 0 31
30 sinilar tordshiith cHREST fob aeuditfiphb 95 THa eRfreIRiiAe FREBRIFRNASN ﬁﬂﬁ’%(?%’é’éiﬁé ng

a low inpedance path between el ectrodes 36 and 42 only for the
frequency of wallwfcing Hbandithe Rytdomweiace ef sidewalld@ are alkiggouneed and defime

dr awi ng, herayt j c . di f mbodi nent _of 10... Th
erbod mentoPaR gt SguREE Ot e flase FRGnc BB e Bt cifiiens of Hgpint ne
embodi meyg 0B, FioGitefent chanichl Skl AfiGEby Ul plifna &tggmftﬁe BbHOETaCH of egi on 7

that extends to chanber wall 12 and base 19." 5 Conseduently, the enbodi nent
of Figure 3 udwéa ringt4d, the sidewh wf eing 32 41 Hredintenior syofassofrsideodvall B2, 4l o na

Chtror 1o BRSbaitpen oo b ik Pl bRk HLd bt RABonBGRRO e
side wall Oftieldchit Patedall subiad ﬂh‘?ﬁs‘i@éﬂé&d&ﬁ%ﬁoéﬁn&'e@ﬁt&éﬁh&te% Heni8ry of |

grounded and define parts of the boundary t he plasna confinenment tegion
i n the enbodihegiasned inFiegiomeB. IBecAusclndewall dRAtis parbof thelplasmn confivatientregion he

| asnma Qf. an f the .bottomface.of . netal ring,40,, the, side [|.of rin
22 or the i n%;Je SF'H]Q&FF‘QH@T F%Pae%?mpel'ﬂmea?ﬂhﬁﬁldet@%@w ‘E‘.E?aar e J
covered wit NfihidramfROHITRACICRLHENA B Etitol 67 blotrSRNMMEHNEL I gl € ectric

material, such as intrinsic silicon, that does not contari nate the

chem stry of embbdinpinhefiBigure L.egi on 8. Because side wall 12 is part of the
pl asma confinerren[ryre%iqon 15 in th delnbodi nt of Figure 3, the tenperature
of the side wall i8°EHRHPEP] Bdhs mBcdifmentok Fighnei3 dp réspoppiye toeserl Ry f or
control of ehegidneRS afd e6MPoNedltt deSorftR8 supra in connection with Figures 1 and 2. The

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 illustrate 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, 2
keyboard 810, and a mouse 812. Disk 814 isa computer-readable medium used to

transfer data to and from computer system 800.
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Bt o e b-I mr&dﬁﬁﬁ%ea bel I)?vék %i%g}’%?gﬁgggaﬁa@eﬁgﬂe used to

- la descrl be oW a di Sk
g? gP gt S;ogfgﬁ?ﬂ’gﬁr{e,%@%fmeaamtﬁaémmt mmympﬁ%@gfﬂ@htorgvagﬂefiﬁ .

i I S that..i s sl ower than prim § e. |
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variety of irﬁQj}'Eé M&'h&ég\ﬁﬁsﬁfaﬁrs, t%éjc?c%aﬁg, rgljc%, I'f;(’i%oards, microphones, touch-

sensitive disljlays, transducer card readers, magnetic or paper 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 interface, it is
contemplated 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. Fufthennore, method embodiments of the present invention may
execute solely upon CPU 822 or may execute over a network such as the Internet in
conjunction with a remote CPUJ 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 code 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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804, keyboard 810, nouse 812 and speakers 830. In general, an input/output
device nmay be any of. video displays, track balls, mce, keyboards,
m crophones, touch- sensitive displays, transducer card readers, nagnetic
or paper tape readers, tablets, 20 styluses, voice or handwiting

recogni zers, bionetrics readers, or other conputers. CPU 822 optionally
may be coupi.e r 1 P;s%gl - WS

net wor k intie]' ‘é"??fi‘%é‘yﬁt‘ﬁ&@%c aas(ryea%&mgirs §§’| n?g? ace’,ﬁk??n?%ﬁh%gé#%é#%tﬁ%ed
t hat the CPhiedizdichraeCa)-RONSs tmd helogoiphio dsviddspmagieimopticamedig kuch asut put
information to the network in the course of perform t he above-.descr.i bed
25 net hod s fleptcal digkshandhprdwagderisgs thab a spes Ye?nﬁ]ﬁ%efg%%%mﬁmﬂ%%n

may execute sol el p 22 Or . K t he
L er net | nDRSHR hP SR i phpte il adR GGt BYBUAAICS progthabl,
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have conput ércledsdmachine eesie, supl as progice by sosniist ad flebrteame Mghetnent ed
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constructed lﬁvgfcé%eﬂlﬁb?rﬁ %’s‘%@%‘% %8‘%3‘2‘8 en Q :Elrl\ %%??%%? qgérlﬁ%%ﬁtl%rr%ﬁg e of
the kind welledid@ih afidtheodiguedlcodé aksmisied s a cognpakdridatd signdikenbodigduner
software arts. Exanples of conputer-readable nedia include, but _are not 19
linted to: avagieswayeaadirepressating 8 spaneace pEinstrugtions that are precutable bagnet i ¢

t ape; Btical nmedi a such as CD- ROMs and hol ographi ¢ devi ces;

magnet 0~ opt PESS¥Edi a such as floptical disks; and hardware devices that

are special |y comHGIY£4 high 16¥) FROWEHArENRL 0Bess REQDINN GABGIinRUCHS B8
application-specific integrated circuits (ASICs), programmble 5 |ogic

devi ces (PLbs)ention. AGwbatate it atesith bayer Exbarplaghs ovar the pishdayer ivpleced 9@ ude
machi ne code, such a r.Qdu a _conpil er, an il |.ni.ng hi gher

| evel code PF%Y’F%&&“@PE&%‘F%‘%&% qﬁ“’é’éﬂ%"{ﬁ?&‘?ﬂ"ﬁ% ﬁ%aq’a]# %lﬁ}%lé?%%%%s ‘Conput er
readabl e  mpglisfrafBin# 1601 A8d FREI ificle RAMH14 forprovide Repdyercat @0 Teask tifeedat a
signal enbodied in " a carrier wave and representing a sequence of

i nst r udBi ondiffdrent frequensies sitmilipacdnslya FIG. §A0s @sshematin arpsysqactiopaliyig of @y el

flow chart of r ss, used i n.enbodi f . i
Substrat e el SPERT A B fia Hh R R BB hef ek Whict YRk SR podheen |,
process chapgbeed (BleRadOthhteridl WaPhRA8 BE cfdlpiRes boBithdphoidrbgst 6hvdras as
illustrated'in FIG 1 and FIG 3, which is able to provide RF power at at
| east t hr eetyies ¢é.£f BEBAL98 moyerctid mu) of dififerent bawdsagk nRtesials f8.g-pody-schemat i ¢
cross-sectiopal v,},.?w.of Btri '

silicon, Tifanium Nitride etc.)

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 :Erst énd 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, afier 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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30

" sources are optlm1zed to etch from the second depth to the thn-d depth producmg the
- requu'ed aspect ratio of the feature W1dth to the feature depth. To continue the above

] example, the first ﬂ'equency is at a seventh power Ievel, the second frequency is at a

e1ghth power leveI and the third frequency 1s at a ninth power level, where at least
two of the seventh, ei ghth 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 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 etch etches the feature in the
dielectric layer 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.
For high aspect ratio contacts HARC, as a contact is etched deeper, etching

mechamsms change. For example, as the etch depth i mncreases, the etch rate decreases.
In addition, bowing may increase and etch 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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A third etch step is provided at a different power than the second, where
the third etch etches the fieature in the dielectric, layer to a third depth
greater than the 15 second depth (step 416). FIG 5D'§ a schematic
cross-sectional view of the substrate 504 with the etch | ayer 508, after
the feature 516 has been etched in the etch layer 508 to a third depth 528
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10 This schematic refers to a 3 step etch process where dl is the etch -
. depth after the step Si (shown in FIG 6A), d2 is the etch depth after the
step S2 (shown in FIG +6B), d3 is the etch depth after the step S3 (Shown
in FIG 6C). P1 to P9 are the notations for the power |evel used and Fl,
F2, F3 are the used frequencies. Table |I summarizes the power conditions
required for each of the three steps. 15 Table 1. Step 1 Step 2 Step 3 F1_
at power P1 F4_  Jiorstepdil, shipvavin HG. pAvidreqrencyddl isset toqpmaver BvelBl, at power
P5 F8_ at p r P8 ..Conditions F3 rPS Fa. .at _power P6 F9. at
power P9 (P%L,‘\‘ﬁ“%‘f?éf Fﬁ%égt t°|923§’5i{;8?1 %&%gg%ﬂ“eqﬁ?’ i§ petig ppwer, Velg'?3-P5#P1
P9-#P6 (P11 im@@m)orgpﬂgpa@r@ ’5>0 or (P7>0 and P8>0) or P6>0))
(P7>0 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)) PesSp, swwivn HGepB Jraquentrolihis set il mwaAevel PdgfiequencFF2i s
set to power leyel Pl, freque F2 is.set to power | evel. P an
- frequency F¥ ?%Y%B?W?’ble‘b?} rm}cﬂ%él“ep@).’ﬁ?’ et %P‘g‘ﬁ'\?,\ﬁ@g’f %I“"‘%’DOF ;’%’ﬁgﬁd
P2>0). For ‘ | | o] r level P4,
Frequency FF Por E104 0ok (et POCORENPAD ol TSR0 sdEPEET 2V o pover
| evel P6. PA#P1l dor B8} fidwinih HIG: 6C) frequldadF hiket Ropdweievb PO) freqiiency420 and

(P5>0 and P6>0)). For S3, shown in FIG_6C, frequency FI is set to power
|l evel P7, fistptitnpgwerdeveldssand frequsoeiel3 issgbio pwyerdenel PPe §leRé pr P8=P§ set

t'a power |evel P P4 qr, P8: #P5. or P6. (P7>Q and .P8>0) gr (P7>0 and
Pos0) or (PBLEOERE SO mPecD BTl end Poolion(eh-Bedapo-Rronedoani

particylpari pgdohag peb-gpl i city, but conbinations or pernutations of these
steps can be possible (e.g. have step S2 instead of S3, and S3 instead of

S2, OR even hav&@hiigeass i pattaiilarizall for, siniplicity) ibuy caibinhiori dripeomitations of he
oo "2, BB vl B et Sl PSS Sl B 5 R
fol l owed byewh hRRE3 SchideMAlSY, dspaiRy ofithdBifRaIIPSIShe 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
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 fotal ion flux for

25  CF;" 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 ion flux

30 for CHE{' 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
controlied by varying the RF frequency along the etch process.
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and fol | oned subsequently by the runs S2 and S3 again)...Preferably, the
first frequency is in the range from 100 kHz to 10 Miz. Mre preferabl Yy
the first frequency is about 2 M. Preferably, the second frequency is in
the range from 10 Mz to 35 MHz. Mire preferably, the second frequency is
about 20 27 MHz. Preferably, the third frequency is greater than 40 MHz.

More preferably, Fighee Shlshdw{:W&nbfﬂﬁl@ﬂbﬂ@t@ywmsﬂ&tﬁ%'@ﬁh%ﬁ or

the sane etch chem stry mxture and the sane power level s represented in
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fourth chirveCHFs whwmnlwrae?’ﬁ]vﬁﬂsxgnalm‘supphedtothapﬂdsmaatfthaasp@&atvﬂtof\mol ous

frequenci es fthc e620 shows t he ti.on of tota on flux for
r+qat vari owA H’Eﬁﬁ‘a’r‘? Shoys é?&?%rm%i’“g%@ the, lory Pﬂé‘fhﬁ'ﬁﬁh@ 81 al
ion flux 30 {@rz Bl 1s ﬁfppﬁ@&'fa 4’60Wa?tgu‘i‘ﬂslﬂ’ﬁfdclﬁ’vé?i’fgﬁcﬁvscié'hve%%ﬁhom the

fraction of total "ion CZF5+ at various frequencles graph
i | | ustrates digtibution 6orsthé ieoCERs", edeni the 20 e signal fsrsappluezhatoﬂmsmm i on.

RE 1 equoncylUA BRGAOHE 116 shopodeb siogs b Gibreananie ion Gl viaheof .
requonty (2 i) S EpRas pEiEtal Tooraller the Ren S iltue ifh chitin 88T

a hydrofl uord:stabhmuﬁirethermnCHFFZWh(eiﬂaVMHzalgmBE sﬁf: 1l AUGO0Watt) I THe) 1S
represented here. cyrve 704 shows_i_on ener di str% bution for the

ion 5 CHF2+ %Bﬁum %hzwsme%qrgmm @wﬂwyysn @'i:F-hPéPQGBFp Féhem the 27 he
pover |evel afr,2 hows i on energy and distribution for
n ﬂseunge&ng gnahTs' [ [ [

the ion CHF2+, is supplied at 400 Watts. The third
curve 712 shows iB;ncmgaggonamgumjsstshbhastth@ﬂaﬁaﬁontdfehémn doefgrandwhen the 27

MHz sig ' at 80Q Watts, The fourth curve 716 shows .ion energy
and di s{'f bdf‘?‘ﬁ gﬂi’@ SpIgS 198 = EF Frfmctian oHRE poryes fay; the same.dhighgpl i ed

at- 1200 Wat tg, u Qﬂ\ﬁw n for
the ion 04F2+qu\%\_£§,669#m yg%%ﬁ%gpgmsupp cf%@%g%sm?&&i%wgfggxt h
curve 724 sl(CHEz;whemnﬂljgﬁomzdvgﬁﬂrzsWplaﬂtbﬂieﬁlb@na@trth%wﬁeﬁffﬁd@e 27
Mz si gnal supplied_at 2000, Watts. n’garl son, Figure 8B shows the

vari ation of&t heas Ve 48 ghosion energy and dlS tribution for the ion CHF, ', ion when 60
MHz signal is supplied at 200 Waits. The third curve 752 shows ion energy and

20  distribution for the ion CHF,", when the 60 MHz signal is supplied at 400 Waits.
The fourth curve 756 shows ion energy and distribution for the ion CHF,", when the
60 MHz signal is supplied at 800 Watts. 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, jon energy
dist:ibation) along the efch. 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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15 distribution of the same ion CHF2+ as a function of RF power for the

, sane, higher frequency (60 MHz). The curve 744 shows ion energy and

di stribution for the ion--CHF2+, when only 60 MHz signal is supplied to the
pl asma at the power |level of 100 W The curve 748 shows ion energy and
distribution for the ion CHF2+, ion when 60 WMHz signal is supplied at 200

Watts. The thixd curve,.752.Sho i.on enerqgy. and [ stributjon for the ion
CHF2+, when Pﬁ%g'eﬁ%‘ii?ﬁ&“ ?%Wﬁ%‘%@rﬁ?ﬂﬂ “rcgﬁgéf“&(ﬂ)%@.m efﬁ%{]%ﬁs)tﬂdcur ve
756 shows | ORa@ERe fMiv e wet Bhibidtd - y , 60 MHz
signal is sup?)l i%d ?’R 80%??2%%1%%?[{@%%ﬁ/@ﬂe}%&gﬁgﬁiﬁ@égﬁgﬁgy and
di stri buti onBowrcrediion way AR ther abeidedby Mikg tiigeizh unt] thempihigppatesih®0

Watts. By co arlin Fi %Jre 8A and _Figure 8B, it is clear that specific ion

energy 25 | 80¥] §ve?'eA§. % He impeaggs thy dopsito meutsyratio dacrapsenand alpeai 1 ¢

. RF frequgncy : Bk EI%]&\& : Wa] ] i r RF
frequency (e#g?c%guﬁ/lg—%. ! cgﬁ%%& g, elg'{ye‘%\s/'ar |§e§t?#§sgid'1%%§%ﬁ%£&§nd t he

power | evel shighet erjergt iohk erexequired fohe abletotdontiphathertcharThiecast fi ed but
al so the ion ener%)é and its distrihution. In the etchi ng of a high aspect

ratio feat ur 8COF®P bHug perfersatally 2% and ZMHmidiTewnt ppverievelstomard er ent

et chi ng condji | WeTIEn | St i buti on)
along the etc .&gt%f'gt%e&%% ﬁ%ﬁ%ﬁgﬁgg%ﬁgéﬁ@%ﬁpg%py%%&#&&g%ﬁ'ormt.he
‘aggr essi ve eRthndigr 2 Midz RFosvurcesyand @ossititgl decrbading\dhle lposves fifom the GOMHER
selectivity, less PR faceting and as _a consequence |ess bow ng. This can
be acco\r/hgl i sReYenspuIse- Jagragsing thedozver fiam the 2 MH A souree sy alsoyngesser (e. g.
60 MHz or ev 'E?&q.-lgq- : ' , [ e el s. f.or the

| ower fr equeﬁigls@eés e. gtgr’zgﬁgﬁ%dpgg%}%ﬂﬂ ‘g(])%/tvlvlggiéa | Stnﬁﬁ\ége/crog*g%%uaﬁ Webfe avoi ded
by using thiechk¢dh until the etching passes the bow |level. As the aspect
ratio. increases &he Lons t n@gltral ratio decreases and also a 5 nore
pronounced i on enfMgy ?fé’p@'ﬁ@éﬁ nd dhat &g prducebowipgie sgbtamams pésalectivityr e
hi gher ener ' ' _ . | the etch.. This can
be acconpl ?%rtligd y%oglégwp?%ggrlgg?P%?W@#@n%&g%q’é% di fferent power

| evel s #8ward t hAnethanf gastthatahaybpnsedés smbddintenteof the ieaa6Pas heek Y

i ncreasing pgwer fromthe 7 and/or 2 MHz RF soqurces and possib
decreasing t ‘éOIB%YEW‘P‘FW?ﬁ%DTGGaIkPEc@}BP%%rABMEﬂS ﬂ“ﬁ@ﬁé&f@ﬁgﬂ%//hé power

hel pf ul - wher RoaR a8t B oY indife i1 30ed SRS CASOREL il 60, 2 O
further foundxygeaimdybe mbiiser comgiongnttofehe étctiint gaount of selectivity
| Preferably, the layer to be etched is a dielectric layer. More preferably, the
) 20 layer to be eiched 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 stched in oxide using a basic C4Fs
25  chemistry. |
The etch used an etch gas of 250 sccm Ar, 28 scem CyFg, and 10 scem of O,
which is flowed info the chamber. Chamber pressure is sef 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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IS needed. Too nmuch or too little selectivity may increase bow ng. 15 An
etchant gas that may be used in enbodiments of the invention may have a

fl uorocarbon or hydrofl uorocarbon conponent. An inert "gas such as argon *
and/ or xenon and/or any other inert gas may be added as a conponent of the
etchant gas. Oxygen may be anot her conponent of the etchant gas.

Preferably, the |dyemsetandisclestepatie fisst podtericRidd providy 2400 Wpia /9 abl y,
the 20 layer to be etched is a silicon oxide |ayer. Preferably, the layer

to be etchedtesesond pRjver sourseprovides 40 Watis ab? 1/ MH#% and dhethindpdveersbuteed i s

a single uni r le 1: In.thi le.a contact is

etcheg in OXP%@JASS% vgag'%%%W%‘%ﬁ%?ﬁ“&@ﬁ%ﬁﬁgeﬂ%sed an etch

gas of 250 sccm Amhe&&ﬂﬁ@éﬁﬂ@ﬁﬁéha@ﬁ‘@e&ﬂoF?.@[Pg?‘;an@%\’t??yij;[&g?:iﬁ h owed into
) S

t he chanmber. Chanber pressure is set to 50 m Wwer source
provi des3a f iThetefas; e gspect piticofivhiz fdatureisch@/. 1 8Awhidiniadipprstinae U1 6.2,

provi des a second RF signal of 27 WMHz frequency. A third power source
provides a 30 third RF signal of 60 MHz frequency. In a first etch step

the first .power .s@uLE6IP%OIHREISXIRGR \émn&fﬁzt t \ : ‘r,kg power
source provides 0 sat 27 M—lz,Bana the tﬁ;h‘a'ltéil poﬁg&%ﬁr‘{%g ?%es
1000 Watts ath@Gistwwiz. This step is provided for 120 seconds. 25 In a second

etch step, the first Pc%wer sour ge prg%des 1400 Watts at 2 MHz, the second
POWEr source provi 1564 gl ctch g5 0540Q seem ARBQ s6emy Gibfsganshdd scesbof Oa »
provi de3 200w | SR ' r sec S.pdhe -
resulting feat ur<al§ri}gg]e§q%tygtﬁﬁc%$h§% pm a%%ﬁ{aegﬁ%%&%{%:& . HprﬁQQ%Sth
Theref ore, tbewerspente pravides affirstRF figadl of @ MHz Freqhbnck8, A whiokll poSer source

approximately 16, 7. EX e. 2. Inthis exanple a contact is etched in
~oxi de using é“’t‘!&lﬁé‘SE%B?E%HW%@%ZW@“@FM%MP%WWWRrbvuiaaa_secrh}
Ar, 30 sccm@,ﬁmﬁggﬂ?&@ﬁ@&m eo%%rnc 10 which is flowed into the chanber.

Chanber pressure is set to N first RF power source provides a
first RF signal oln 2fittietchrstep) @rcfirst povecolitte payvidesSINO0CW attd hOY MIZS, the

second signal ,of 27 MHz freguency. A third power source provides a
third si giraPRLPOE W%Rfezjﬂ’éﬁéﬁ“{m a2y Pﬁz,@péﬁh%tl@qd, Pawes sbimest power
source provigasidd P00l Wdts at03 k2 ’I’hfs@?ep is provided for 100 seconds.
In a second etch step, the first power source provides 2000 Watts at 2 M¥z,
the 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 prm{ides 1500 Watis 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 a top CD of 0.16 p:
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. It is 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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15 second power source provides 200 Watts at 27 MHz, and the third power
source provides 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 Wat f 60 MHz. This step is provided for
100 seconds. 20 In a third etch sted;_éiggiirst power source provides 1400
Watt s atwBatVERZlaihdigis: second power source provides 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 pmand a top CD of

0.16 gm Therefor t he .aspect.ratio of .the ture is 2.6/0.16, which is
T6. 250 25 Wil o ¢ ARy PEFohi /fue st i Sl fea Bk e o
pr ef er r edbstemd)ecmpHsihg: there are alterations, pernutations, nodifications

and various substitute equivalents, which fall within the scope of this
i nvention. | t& R#&A RroagssiSsBARbTeePIAPIAING t her e are many alternative ways of

i npl enenting the gqllﬁg : inyention. It is
therefore intended t a%gliﬁ@ilf%gﬁ%ghfgé§§%ngrﬁzagesﬁﬁ%?r’?%l Fnter preted as
i ncluding all such sabttettafippos fopeippoitiag iacoBstradeithinahé plamda peutdssitas i ous

substitucile E uivalents as fall within the true spirit and scope of the
present PAVBFGEISUeDE CLAIMS What is clained is: 1. An apparatus for

etching a feature heQAfreStallatof¥t reduMiiedh ; ﬁ%&% -2} e,
conprising: a pl asar‘lﬂ’glepr c?ce s?ng cﬁ%ér'rhb%r, c%ﬁ%??“z%(%‘g‘?ﬁgﬁlag’ﬁ‘g ergs\r}\%tl form ng
a pl asnehgnbaressliomgechanber encl osure; a substrate support for supporting a
substrate within t | as rocessi ng,. chanber encl osure; a,pressure

ooul ator for 1 ool FETCERETRICEL BIOTIRS PREaTP AEnReTRs pre R TeREber

encl osugslosire k&asﬁgtam%@ﬂggﬁg;ode for providing power to the plasma
processi ng chanber enclosure for sustaining a plasma; a gas inlet for

provi di ng gas i nt @ gah&lglfasprevisingeasdntedghe plasme prosessingsahamber envdbsaregas
out | et far% exhausting gas fromthe plasma processing chanber encl osure;

a gas outlet for exhausting gas from the plasma processing chamber enclosure;
a gas source in fluid connection with the gas inlet;;
a first power source for providing power within the chamber wall at a first frequ'ency.; |
a second power source for providing power within the chamber wall at a second
frequency different than the first frequency;
a third power source for providing power within the chamber wall at a third frequency
different than the first frequency and the second frequency; and
a controller controllably connected to the gas inlet, the first power source; the second
power source, and the third power source, comprising:
at least one processor; and
computer readable media, comprising:

computer readable code for introducing an etchant gas through the gas

inlet;
computer readable code for performing a first etch step, comprising:
providing energy from the first power source at a first power
level;
providing energy from the second power source at a second
power level; |
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a gas source in fluid connection with the gas inlet;; a first power source
for providing power within the chanber wall at a first frequency; a second
power source for providing power within the chanber wall at a second
frequency different than the first frequency; a third power source for
provi ding power within the chanher wall at a third frequency different
than the first frequency andPHENESAEHY fron Hisdhirg POWRTSONIGEsH & tiyrd power

cont r ol | jahl] VwkQBRSK ﬂﬁechrfsﬁ&vv@ 18RP akdVh€ {hird @?wéri 16w aRNEter A S0, WhEemECONd

power source, and the t d power source, tonprising:” at | east one
pr ocessche fissh dtcbdnpaeti¢o cick adedsire intiei layer¢obpeichedity. a Gomhaptlgrandeadabl e code

for introducing an etchant gas through the gas . inlet; .conpyter readable

code for perforning a fr4 éf‘?ﬁﬁlg@f’ég‘?‘a @6@5&3@%@?%%\%%%@” ENEPYS T om
the first power source at a frb¥iaingRAWRY frdn®WR! firsPpdver dbitee SNEfolYth poRet t he
second power source at a second power |evel; 27 providing energy fromthe

third pde¥d: source at a third power |level, wherein in the first power
| evel and the third power |evel..are greater .than zero, wherejin he first
etch i o used to etch a feat doiinechiey 3 dieg it PR A hPowth e,
and comesedr readable code for performng a second etch step, conprising:
providing energy fromthe first power source at_a fourth power [|evel;
provi ding energy fromthe sd¥@vidingsneigy Jeu the third power sopros@ha sixth pewer:

provi di ngnek¥inlat RALAE o%ﬁiferfgmﬂﬁ%‘d siRBPo%kr fveR i§ 'FB&EQ BAWSEro dnR4hL -
wher ei n at 1 east one of the fourth and sixt power evel 818 greater than
zer o andiftthmwdrildvehisgpemer thavadro,ishid gvieadien cbhdition &y elected dront dtegiroumof

condition j.s selected fromthe gro of the first wer, | evel not being
equal t &N% 1St PRYF IRV Shheine gl tofhe f‘?ﬁ%thtl?ﬂ"featl‘ﬁ’é‘i%‘fdo {pe derd pter 1661 A% equal
to the %fﬁ%‘kqﬁ&"tﬁrthé ss%tﬁ[fowe@ﬁewa ghkﬁﬁl ﬁl@%@e&d%hg&ta{eﬁ RStehilfe ig‘?ﬁé K58 fo" the

i
| ayer to e ‘et ched second depth greater than the first dept 2. The
appar at s ctchsd tee seceud depth lgedater thanwhefisit depthe first frequency i s between

2. The apparatus, as recited in claim 1, 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.

3. The apparatus, as recited in claim 2, wherein the layer to be eiched is a

dielectric layer.

4. The apparatus, as recited in claim 3, wherein the dielectric layer is a single
layer.

5. The apparatus, as recited in claim 4, wherein the single layer is a uniform
layer.

6. The apparatus, as recited in claim 2, 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 etch etches the feature in the dielectric layer to a
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100 kHz and 10 MHz, the second frequency is between 10 MHz to about 35 Mz,
and the third frequency is greater than 40 MHz. 3. The apparatus, as
recited in claim2, wherein the layer to be etched is a dielectric |ayer.
4. The apparatus as recited in claim3, wherein the dielectric layer is a
single L The ap aratu as recited in claim4, wherein the single
| ayer i g d?i?tb(SF‘i‘i"Ferl € Sq5on @’lappar atus, as reci ted in claim 2, further
conprising a third etch step, Wwherein at | east two of the seventh, ei ght h,
and ninth powers is greater than zero and where a condition is selected
fromthe group of Theeppmabntds rpa:iwdrinnbttmlﬁei;vhgremphalﬁrstttfreqhmdydmabdut2povver,

the ei ghth power t beln .equa he fift andth h power
ot ber Az SpeoRs FieAiered i ahonban M ues draiiieh SRiene A REatot a0 MRS Phe
feature in the dielectric layer to a 28 third depth greater than the
second depth. 7. The apparatus, as recited in claim®6, wherein the first
frequency is 8aboutTf@ apnmtus,taséecs@donelatméqﬂféer@yl the eighenitgag gomptisesand t he
third fr ney u hea arat u recit in claimé®,
wher e n PIBSRRY s MR G o Bouo B BGSRERA BALE nuPBOREEHFEM (e or oup
of a fluorocar bon and a hydrofluorocarbon. 9. The apparatus, as recited in
claim1, further cgonprising a third etch ste wherei n at Ieast two of the
seventh, eigtfth, ahE apPHERSHERRGiEdiin cleimds Birthenepmprising & Hdd Mt Hem

conditi I ual
N L Sk SPLEGLEH of LU, W1 o I SEUSEL RO 0 HELR-oRU2!
and t he conditibn mﬂ&btedd’tonbéle@ou;e@ﬁlhé set\renthhgwmmbtbemymmal tohthe éourtht he third

etch etches the feature in the dielectric layer to.a .third depth. greater
than t h&@°¥Ek el alétgtpﬁwet@ot bPHE PP dhc 1th REFR &hd W W FORRRIG. il o
the fir %%luafl rt@ﬂféesﬂftﬂ bﬁe@%@fen?-the Mﬂ%d eﬂcﬂ%tcﬁ%@%aftﬁr@%%ciﬂelb?tn@ f' 02a7 Mz,
and the third f requ ncy i s about appar at us |ng a

featurethlrd@pﬂegmhtetmaaﬁhﬁmmcb&ep@hrrask over a substrate, corrpr|5| ng: a
pl asma processi ng chanber, conprising: a chanber wall formng a plasma
processi ng chanber enclosure; a substrate support for supporting a

substrate wi tipi n trihg aphASNE, B QGRS Bim 9, wherein the first frequency is about 2
MHz, the second frequency is about 27 MHz, and the third frequency is about 60 MHz.

11.  An apparatus for etching a feature in an etch layer through a mask over a
substrate, comprising:
a plasma processing chamber, comprising:
a chamber wall forming a plasma processing chamber enclosure;
a substrate support for supporting a substrate within the plasma processing
chamber enclosure;
a pressure regulator for regulating the pressure in the plasma processing
chamber enclosure;
at least one electrode for providing power to the plasma processing chamber
enclosure for sustaining a plasma;
a gas inlet for providing gas into the plasma processing chamber enclosure;
and
a gas outlet for exhausting gas from the plasma processing chamber enclosure;
a gas source in fluid connection with the gas inlet;

a first power source for providing power within the chamber wall at a first frequency;
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chanber encl osure; a pressure regulator for regulating the pressure in the
pl asma processing chanber enclosure; at |east one el ectrode for providing
power to the plasma processing chanmber enclosure for sustaining a plasns;
a gas inlet for providing gas into the plasnma processi ng chanber encl osure;
and a gas outlet for exhausting gas, fromthe plasma processi ng chanber

encl osure; o WaRN&RAYCE sograe farprevidisamewes whwtb%clﬁa@ébe@a@maﬁaé@wné first

power %q(ﬁ%}g@p&lﬂg;e&v& ﬁgﬂ&%g% i n the chanber wall at a first

frequency; a second power SO *f or provi di ng power within the chanber
wal | at a secamddpbwaqmanmwbdpﬁWEhmypmmhamﬂﬁmémhmasmeﬁweMuenmyﬂﬁ&thmwd

power ce f &J % ower, Wi thin the chanbgr wall at a third
frequen(FU rﬁptft?‘%‘?’glﬁ 1t dEeq ? and thg seepdiegiedcaildt he second frequency; and
a controller &&BﬁBH&r'c@HﬁMl%@f‘@&ﬁfe@t@d?@thE%@sE@e? ﬂh@k’%tgao%?sédrée?%he%%d

source, the second power source, and the third power source, conprising:
at | eastpom@estplr@es@thethladmowmutcercmm e nedi a, conprising: conputer
readabl e code for t roduci ng_an etdchant gas through the gas inlet; -
conput er readabl e (T:ge & PG PrUEF L g a first etch step using the first

frequency, the se%ﬂgu{ef%ug@]gmed@doﬁlﬁ@slﬁgl rd frequency to etch a feature
into the etch layer to a first depth; conputer readable code for

perform ng a second et CAMPHiEpreadhbly C@Cﬁf‘efOT fntoducing ep gtvhayt gas Huowgictbagas
frequenﬁ and the third frequency, with at |east one of the frequencies
at a difierent power |evel than that used in the first etch to etch the
feature in the etch | aggpuledraadstie ootk fdepéforaiings GFstleantdphsidy the tirsdept h;

and conput er readabl e code for perform ng a third etch step u5| n the first
f r equendipquensy. tig senoad dreguensacand the &u{df@equﬁnCrYdOfelt@qm@ﬁwe mm the efgh lpysast  one
of the g Q%Jﬁrag% at a different power |evel than that used in the second
etch, to et e feature into the etch layer to a third depth greater
t han the second dept h. cadpufthecadgiacaedafor paforming & estond ethatemuking thdrer ei n
the | to be etched i
€lay %rrst f?equgnc?(, %e %ecolna fl%quency, 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
computer readable code for performing a third etch step 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 second etch, to etch the feature into the etch

layer to a third depth greater than the second depth.

12.  The apparatus, as recited in claim 11, wherein the layer to be etched is a

dielectric layer.

13.  The apparatus, as recited in claim 12, wherein the dielectric layer is a single

layer.

14.  The apparatus, as recited in claim 13, wherein the single layer is a uniform

layer.

15.  The apparatus, 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
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dielectric layer. 13. The apparatus, as recited in claim12, wherein the
dielectric layer is a single layer. 14. The apparatus, as recited in claim
13, wherein the single layer is a uniform layer. 15. The apparatus, as
recited in claim1l, wherein the first frequency is between 100 kHz and 10
MHz, the_second frequency is Between 10 MHz to about 35 MHz, and the 30
third freyddisgyency iyewatcethanydMids Mz, 16. The apparatus, as recited in
claim1l, wherein the first frequency is about 2 Mz, the second frequency
is about 27 MHz, and the third frequency is about 60 MHz. 31
16.  The apparatus, as recited in claim 11, wherein the first frequency is about 2

MHz, the second frequency is about 27 MHz, and the third frequency is about 60 MIiz.
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