REDUCI NG PLASMA | GNI TI ON PRESSURE BACKGROUND OF THE
I NVENTI ON [ 0001] Pl asna has | ong been enpl oyed in
pl asma processi ng equi pnent to process substrates
(e.g., sem conductor substrates, flat pane
subst gqmwsm&m@NmemEssque)
into usetrul devices g., Integrated circuits, flat
panel s, nano-nachi nes, and the like). Up to now,
pl asma ignition has taken place at a relatively high
chanber pressuBACKGRQUNPIDE THRE INVENEINr for a 2300
Exel an(r)-series plasnma processing system which is
avai l abl e from Lam Research Corporation of Frenont,
CA. [0002] One of the reasons for requiring a high
[0001’3 hanbepRra$aY [o%%fb%n &hp ir%lﬁﬁ@ﬂrob@ssmtgQaﬁlpﬁleﬁﬁﬂ%rocess
gnition has been unreliable | ower pressures.
substrites (ug, semieorduetor ewbstrates,giq;u panetl Isebmtﬁsuianpenaxﬁunpey §ubstrates and
0 RFfreunmesfor ration
the ke A0 BHEIRAVERLISG Nl L B P B pigs AgH the lke).
t
Up to FRE b %%am“%&‘l eﬁ?agkﬁ%%ﬁf‘o T Ehy aae for example
at 12OQﬁT61a ifor 4)2311063@&1!@ sdrixks Ipbasgaprodessing xystauh, evhieh 1siayhilable from
chanmber pressure _may reduce etch directionality and
Lam Researeh Qeff@f%t@nrﬂfé:ﬁ‘%ﬁome 8t of polymer formation on
the substrate surface, leading to etch inconsistencies
uch a
[OOOZFOOOB] 6&2%? Elg%%&%gg/bqfﬁ gre se%ﬁarﬁlgm g%‘é%ﬁ??@%ﬁ?ggmmn ls
that plasa® ignitiv s deacunrelidtde arlodec pedsstash This Bcue tnaldw yeactor gap,

the usa pegrlatveiriow 107 SeHPRRISh U PIAoTIA BengripR A e 6 et the R energy
is belr%racrohéféﬂln?tg lrtl>éeS léérfga ézg)raci? R/Q& Q%vtseﬁgﬁeslglgﬂ Hha[rﬁbéi‘ ph%%re at which
plasm®® igiliesd inithe prddTEArCAESs ce'ﬁa(h pbe&smgehaIMgbss Fdr@mmnpkd: a high
during a processing step to about 60 nfor Lf
chambep presatje mag secice gt nﬁpfgqﬂahﬁf MP@I@@%%M&W V& bt polymer
o B L0 5190 AR ¢ o

anomd#AMBRE blasig foririatiBns. Furtherm)re the hi gher pressure
ignition step may require a challenging transition

fhase in which the process pressure will have to be
[0003} educeds tashnelegy progeassasegdictchdaquiremeathecr s more exact, the

reduced Ctehy 1|re\</:?10r?zﬁ ty & thm?ﬂ'gh%? lefvgf WI}QHer%ﬁﬁﬁfb%Soecome significant

disadvantages. This statement is particularly true for processes that require a low process

pressure during the plasma step, e.g., below 50 mTorr in some cases. The pressure can be
lowered during a processing step (e.g., to about 60 mTorr) but the requirement of a high
pressure ignition step still adds an additional step to the overall etch process, which
disadvantageously increases the overall etch time. Furthermore, the higher pressure ignition
step may require a challenging transition phase in which the process pressure will have to be
reduced td its target magnitude. In addition, excessive polymer may be formed on surfaces
during the high pressure phase leading to problems such as etch stop on the wafer or

anomalous plasma formation.



during the high pressure phase |eading to problens
such as etch stop on the wafer or anonal ous pl asma
formation. 1 SUMVARY OF THE | NVENTI ON [ 0004] The
invention relates, in an enbodinment, to a nethod in a
pl asma processing systemfor processing a

sem conduct or substrate. The pla essi ng system
includes a pl astHMMARELK ﬁg&@%ﬂ@ﬁd an
el ectrostatic chuck coupled to a bias conpensation

[0004]Ci rCui fe i TOS IBEARY. 1106 AR rh@ tbaNetRod@l B PBsthd)pcessing
on Step.

pl asma 1 gni asma Ignition step is

systemPRF pRiceRth¥ehficéhduttos sublirae. Thopissatpraressing systpen includes a
provi ded by the bias conpensation circuit to the . . .
plasmaproegssing chapberpndiag cloptrogatic %%mkmlm%‘f £ § biag porppensgfign circuit.

essure, Wwthin the S ' C ' .
he mBF NSS4 5Bl B EPRBRREET R i PRIRF pln s
perforE@ GRS a st cdHipehiatiog volage provided bythe-tiasuwegehsagion circuit to
step after the plasma is ignited. The

the chugillis substaatipliynzase shdyhile e firsipbrmer pressgescwithingheplasma processing

conpensat.i on I i d ' ' .
chambg FRES SR o B R FHAE e AR B gERMRARE RdiRc i
substrz%’-gﬁfc@s%ﬁ{g Q6 ¥R HIROSIa A4l s3 g BIREO0 Tthe GOBITRAGS-pOLEsSRIgrseep employs a

substantiall'y equal to the first chanber pressur

e.
second 180&Impensativat voktngeprovifiedbrithe binvcompansationrifcajtdhat 4s higher than

a, et hod for. praocessi a ubstrate in
the i p5e coproLg Y ek 0f g CeorDi B et DRy Al sl o e
ﬁrstch%ﬁﬁi)e?ﬁres gctrostatic chuck coupled to a bias
conpehsation circuit. The method includes igniting a

plasma while a first bias conpensation vol tage )
[0005]pr ovi diacinbthet érebérdiment drepevendionaelates feaymethad fopprocessing a

BORT RN BRI TN e e

electros@HE Efg&clj( doapred téta RS @Dfpbhsafio GRS SHid ABthy® irchgies igniting a
provided by the bias conpensation circuit that is
plasmanwhidea fits instchmpénsation blegequoridedsbi the biassiompgasation circuit to the

[ 0006] These a ot her . features of the
chuck }Srwgﬁﬁlil HYETY: nﬂ'@ ki 8‘11 iaEg et eﬁSFOé:essarg) éllg lssﬁlgsgliagewaii’t%r the plasma
is ignitteH,eus Pid-681 B8 E5thpdsiforPloltaBe ptdViRiatHyaRe BRE chiipensation circuit
conjunction wth the tollowng figures.
that is higher than the first bias compensation voltage.

[0006] These and other features of the present invention will be described in more
detail below in the detailed description of the invention and in conjunction with the following
figures.

BRIEF DESCRIPTION OF THE DRAWINGS

[0007] The present invention is illustrated by way of example, and not by way of
limitation, in the figures of the accompanying drawings and in which like reference numerals

refer to similar elements and in which:

[0008] Fig. 1 shows a typical prior art plasma processing system, which includes a

plasma processing chamber and a chuck on which a substrate is disposed.

2



BRI EF DESCRI PTI ON OF THE DRAW NGS [ 0007] The present
invention is illustrated by way of exanple, and not by
way of Ilimtation, in the figures of the acconpanying
drawi ngs and in which like reference nunerals refer
[0009] O si nFigapAdh & sl Hieddiagram showing thaMOR] refeivant steps mayudred to
a typical Eri or art plasma processing system which
process gnbeieaic whemhi Rghpresswedefiay SERAaYrehd a chuck on
mhicr_a substrate is disposed. 2 [0009] Fig. 2Ais a
implifie 3 . :
(0010F ot , b7 SR BTRAehtn IMRRTRIL of S ENARL RHERE embodiment
of the pBREftiVENEbEThE felévagtidteiteqifidliO prddegs a Absirste avhen the plasma can
~ sinplified diagramillustrating, in accordance wth an
be ignéedafdi lewge pregfure-he present invention, the rel evant
steps required to process a substrate when the plasm

po11f 2N Phigl §U 8GRl BUPROREERSIESa, PR daitbvitBan

hows 1 I np , I'n accordance

embodinkht ¢Fhe SreBad inRAtion fthd fiepsifoestehihg imy @hismamrodeksing system that
steps for etching in a plasma processing systemt hat

does ngbrequine @ hishquessereaghitigh si§Pessure i gnition step.
DETAI LED DESCRI PTI ON OF THE PREFERRED ENMBODI MENTS
[0012] The present invention will now be described in

det ap T Wt D DHSTRIPTEONOR THE'PR BFERREDEEVBODINBETSS
thereof as illustrated in the acconpanyi ng draw ngs.
In the follow ng description, nunerous specific
details are set forth in order to provide a thorough

0012E1" SRR, B RERS Db AN b i o

preferfed 8ribb@BRMts theé6id st MGhe haohipaf@npididwitgs. S divehedollowing
all of these specific details. In other instances,

descriptisin, nkmerans spectissistailsaps et fertloin arden e prevdde hthpeought

anders AT PRFoBERRGT: oW bRk il o g skted in the e,
that th% BRELH §SverNlon AAY BB HRAEScPIithH@ soRic®F Al lof itivé@ Bldciit deills. In

e better underStood with reference to the draw ngs .
other instahads, swalklsnogmsprobess stepsandfor structures have not been described in detail in

order to not unnecessarily obscure the present invention. The features and advantages of the

present invention may be better understood with reference to the drawings and discussions that

follow.

[0013] In accordance with one aspect of the present invention, it has been discovered
that if the bias compensation voltage is kept at zero, of close to zero (“substantially zero™),
during the plasma ignition step, plasma ignition can be reliably achieved at a lower chamber
pressure. As such, the invention works with any multi-pole electrostatic chuck that is coupled
with a bias compensation circuit. The invention may also work with a mono-polar electrostatic
chuck. Once ignition occurs, the bias compensation voltage may change to a value which is
dependent on the specific plasma cdnditions and may be significantly different than zero.

Since plasma ignition can take place at a low pressure and even at the same pressure set point

required during the etch step, there is no need to spend time lowering the chamber pressure



[0013] In accordance with one aspect of the present
invention, it has been discovered that if the bias
conpensation voltage is kept at zero, or close to zero
("substantially zero"), during the plasnma ignition

from tht &jph iphitismardsgyme to the lower dieh pressush | Accandingly glie gverall etch time
I . ,

v e e S e ST e i Pl ol £ s

set pofi? WRiIE dee n%ﬁleabieg' &\%&%EQ&%H%H& t GhloDeistibstadially zero also reduces
Inventio y al'so rk-w th a hono- pol ar

the tingd RQhir@blodghice the pliskna, Eaddng gnart ¢ven lowaurvsrallidieh timas
conpensati on voltage may change to a value which is

ependent on the specific plasma conditions and(PQX be .
erstood with

d
[0014Lj gni f ThaAdyaptages i lepiures o e By GItiog My eHE
refere%%&béﬂaeﬁ@gtﬁ@a&d%?cu%i hé)ttftoﬁmlivp\ﬁi%? :lsgéﬁg rﬁitﬁggatl Vi6Flarfplasma

pressure set poln reqg e etc

proceé‘sir@%gstéﬂﬁelr()e, whichandledd atpdassizeprdedsking chamberi 109 ahthe chuck 104 on
__Chanber Fressure 3 fromthe high ignition pressure t
whichtasubstenie t Otis dispgpess stheee 1s ashevar hgryl 08 dorprgyiding tFle E@Eﬂ“ gases

. ti ma S i gl i
oo ey HOCARRE 5 55m 1o Rl e
generdd6ts ahd %Hrésgoﬂf(ﬁﬁ@ magcht feewdrk)spro vidpEeR B pbiventovdiutla g@d. aThe ignited
zero or substantially zero also reduces the tine
plasma iscponfinel b2 sejof cenfitemept Bagal 14 esul ting in an even
| oner overall etch tinme. 100141 The advant ages and

0o1s],° 74 1" £, DaishABob DR HMER oYy RE dREULAOHMAPEARICRD, which

erence to n I'scussions that

includé©h b@vént Bhysply dnd4BioS cémbdti3hia cifuitoIn the tagel f$i@ 1, chuck 104 isa
processi ng system 100, which includes a plasm

bi-polarredestrostatig clisk(BEE) vdichdivg apositive Roleand gmeggipiedwle As is well-

t N d.. There |
knowry it ol Bl PotitcrneRls® BPRREE i el e iiBeT R ag0gaime 360
supplitd{otthéRpolesProvidle BT el@eydtatRhDing Yort€ Whidiclainyp swtstrhte 106 to

i ncl udi ng R enerators and correspondi ng natch )
chuck 84w carductar d 0 peevides thopesitiveovatage ko amg4po q'ﬁgt}qeg:}ﬁcfrgﬁatlc chuck,

it S0P ehs B0 P e et BT 0
electrddla®ie Ch@k! Thé 6ias bufberdsdfion Wikduithelpsahidei@Sa Bokiktére Blamping force

supply and a bias conpensation circuit. In the case of :
acrossEhgysubstrate Hudig plesma pragessirig popravidéigabippeerapensatign altage. To

ctaorE el oS AP W S R Rl Freramol
some pHOCsORIRLY Mais/ Bk bAB8RIthEe 6h the §30QMEBbecstl More positive, while
other processes may cause the bias voltage on the substrate to become more negative. Since
the clamping force between a pole of the ESC chuck and the overlying substrate region is
dependent upon the difference in their respective voltage values, unless the variance in the bias
voltage on the substrate is accounted for, the c.lamping force between the ESC’s positive pole
and the substrate may be lower or higher than the clamping force between the ESC’s negative
pole and the substrate. The differences in the clamping forces across different poles of the ESC
chuck may cause the substrate to be clamped unevenly. This may result in the substrate being

cooled unevenly, thereby causing the processing results to vary from region to region of the



supplied to these poles provide an electrostatic

cl anmping force, which clanps substrate 106 to chuck

104. A conductor 130 provides the positive voltage to

one pole of the electrostatic chuck, while a second
substr@t@ﬂ Byrovidihg 2 tpaswonthessatios voligge, thediasaiompgasation cireuit essentially

ot her pole of the electrostatic chugk. The bias . .
forcesthnplampingi iBree aryost the shastiste fﬁ&eﬁﬁ%ﬁln 18 88‘??8?@?@?& cireuits are

¢l ap! § 151 Saflipld US. PhREMRo. 5,793,1

o B RRH 5 e 51 ERLES, IR Sl 018 PhfrR, 555,152
To elaborate, different processes affect the bias

[0016) 0! t agPRigoPAtife stniifiet aiaprath Shewiagtthe/morearlerantistsipe required to
some processes may cause the bias vol.t on e . .

process AsSbNEEWRE b IED RS ERIER i 5, HIeta TGy begins with

.:pr.ocess t ' i
b PGSR TR S 1 BT LRI et el ctass
introdh@ldwmRanilewediestatilizd@ tSGghdrréssardet prntaequitedi fogreliable plasma

___Substrate region is dependent upon the differ i
igniticrkeier. 12SpkD] Vs et hghionalcpds DAL SR e Rt Qg dS seconds,

whichii%ﬂ%e%@h@?fé}%? lﬁetéﬁ%gd s t%%ﬁé%ﬁé%@?o@é@hﬁw Wealize the gas to

or ce S positive
the hi%?%x%ssuﬁﬂé’t phiat dbBéd Rk Guriifion iaht prierardr  hi gher t han
he cl anping force between the ESC s negative pole

and the substrate. The differences in the clanping. . ..
[0017F or ceslratodd @ericensme Bk aad 6PAL e plagma yigRKedyabpis high-

cause.th ubstrate t n i .
pressurree%ﬁ{onis ep; | 1C lbatsag?saat%ggg% %ﬁ:gf{@sg%os'ld.e g*flgx%é%f%rh ﬁl;’p?es@@é is reduced
to the lJWér%ﬁMnEﬁflpiésféﬂretrB?JifédQ@&ﬁé pRGedsastipé, Suétoas/2) mThbrrdmthis example.

region to region of the 4 substrate. By providing a

This poisaiwre casiigtiors sicp 306 (hshweggetime haAsnd I 3¢9 myriali, fogexample, between

I rcuit tiall f he . '
5 and  spCCgh ATRATEE O 2B g ur D agn §igR TR Wi SUREHARED Hitcr the
pressufé ﬁdu&ﬂﬁ‘é&bfﬂé irfheté@@a &g 268 @tarfind R6mPELETSA) istaloaked teproceed at the

I ncl udi ne exanple U S. Patent No. 5,793,192
low cHa@bb6prefivgg siReified by the processireddpdi agr am showi ng t he

nore rel evant steps required to process a substrate

oss{"57 it 58564 SERAR B0 e PP By St i
of the P&é&‘&;t‘f@%nﬁ&@, tld AlevaHT §té1s relpiifdd tb peobchaubstrae whea tigasiasma can

s introduced and allowed to stabilize at the higher_ ..
be ignjiedstsiowesEswos. ndtep 352 (hedsedngime dPB A d 15i5 8 peessure stabilization

stp, WHJh EDRyEes % JiEhegt e ni g glopi pio g RERY, RbfRiine
pressu}ng ! BIRHL s®p doWBvbREs A RFeripRdsstrd Setiod@ind enayaakd leks time to

anismto stabilize the gas to
accomplish in some cases.

[0019] In step 254 (between time T1B and T2B, the plasma is ignited at the lower
chamber pressure. During this plasma ignition step 254, the bias compensation voltage
provided to the ESC chuck’s poles is at zero, or substantially zero. In many cases, it has been
found that the time required to ignite the plasma is also less, compared to the time required to
ignite plasma under high-bias conditions at the substrate as has been done in the prior art (e.g.,

~ about 2 seconds versus about 5 seconds in one example).



the high pressure set point required for ignition in

the prior art. [00171 In step 204 (between tine T1A

and T2A), the plasma is ignited. This high- pressure

ignition step typically takes about 5 seconds or so.
[0020T her eafii miost dabes, fhegeassure at sshichdhe pkismb ¢ ighided iswabstantially the

chanber pressure required by the process.recipe, such
same gsthe ghanresr prossure pauiied dorshe .etCi‘?FﬁPsﬁ‘ﬁF ¥ Elidnaba gey Fiiequent

t i . :
s RS 51 o0 0 o
chambdr @yésaitd réduiredBgithé Bdk swb, thh €aqyties plasma ddmitigetakd flace at a lower

the pressure reduction step, the etch step 208
chamlfes pegssur gedupeshe preurPA)imareguirediodeduse hopssyrefo thepressure set

.. low c er .Qpr ure specified by the process recipe.
pomt’.[e@Blfg‘??Ogiﬂbe.e@Bse[?é a sinplified diagramillustrating,
i n accordance with an enbodi nrent of the present

[0021] nvent [P&ep LIE(afiet Ba MBI} hp stchagpérfaathetl 0 Thisetdsserais similar to
substrate when the plasnma can_be ignited at a

|
the etqhr sters2%eof Fig 3. 28 Zerhen spbetantialiyezendmanyrltags &5 endy rovided up unti

. pressure. stabhilization t ' ' ;65,:t
e R g AR B B 1 SO ANARIARS e pover
supplyt Wit diivtethe Bla8 S8 HAR: t6aallel cléieitd thesdeaal Biawwvoltpelsemed dy the wafer
| ower pressure set point and may take less tine to

from the gompatiostofitie plosma sheaths . Aqopodinaly, thergtie po obange e thrdwpress recipe,

o i T8 KO0 A8 2 o

the eligRffatidn¥T 1R gh ?&@ﬁ_ﬁs Sfiti SH S PWERES thelPrevsssi@ehdov, béwing the
ESC chuck's poles is at zero, or substantially zero.

process enginesr widerstitude thdesigreanrappfeniate prieass tdeipet fops required etch.
required to ignite the plasma is also | ess, conpared

the_ti i red t. LN | - ' '
19022 01 't Fgnd S et gl PEMahe RofgCTh 435Ran(t g 34 2
embodifnkRf ofthé preSerl invenBHi®) ke ste @%ﬁin?@ﬁ 8 @&sﬂ;ﬁ%ce&ixtl%syStem that
e

seconds in one exanple). 0020% n nost cases,

does npt reggire @ high pabisute ighigiop istep ptep @A thesfabilization step is performed.

. Suhstantially the sa t he .chanber..pressur

This st ARSI SRRERYTR B0t GeU T Y iOH TG g pumbes 252

of Fig SHPS AL ALl I RAS the PlAsRAUS idned 3t APignfileRstdpf 304N theoRer
plasma 1gnition pressure is different fromthe

pressushseirpeint phids thertdas @mpensatiohomoltageis &eptat geropr subsartialy zero. In
th i S TS

one embo%tlmgnt?t re‘?gr{iggrll {)rle(s)snuret: 1as ee%’w én%%gutaiO r%TloPr\%%{:l about 90 mTorr. In

another embodiment, the ignition pressure is between about 50 mTorr and about 80 mTorr. In

yet another embodiment, the ignition pressure is between about 60 mTorr and about 70 mTorr.

[0023] In step 306, the etch step commences with the bias compensation voltage being
controlled by the bias compensation circuit of the electrostatic chuck power supply to a value
that may be significantly different from zero. If the ignition pressure is slightly higher than the
chamber pressure required for the etch step, a short pressure reduction step may also be

optionally performed before the etch step, as mentioned earlier.



chanber pressure reduces the anount of tine required
to reduce the pressure to the pressure set point
required for the etch step. [0021] In step 256 (after
time T2B), the etch is perfornmed. This etch step is

[00245i Mi | aAs tan bé dpprediabd by e f@RGomk, dmbpdifents Af teripveption eliminate

_substantially zero bias voltage is qnly provi gﬁg ug .
the highrpressuret igpition stepi Aamg Wihilts conconpans gisat Qatages e ap gxcessive

Lit the Dbj compe L 0nR. . Ci e t
stk SRS BTG P98 A0 r i
ESC’safidsU®mpeh@siod @lrb @@ gt e setabyervhad eaineidenthy making the wafer be

generation of the plasma sheath. Accordingly, there is
near zero voliaalge, tlesmaeantheaeliably ienitpe at a logyeq presgite; Sincg there is no need

stiJ | .conpensated.for.during .t.h .
o reaishERRCD erurh Go e AR pERSTe B BB o i pgssure, s
time iHeqhif&l 3k e dVeRHSHEEproaRts ! FaRh&moRe, i It beer foang et e4th the bias
wi ndow, allowi ng the process engineer w der |atitude

compensatibasiolfageat zarsporcpbstantiallyzerceans! the lqvirs 1SHHOHPICEHR. fesg time is

.efch.. .[0022] Fi 3 sh in a sinplifi r .
e e 83 bt dnrs e BTG Pl QUEECte viser
procesB WiSESW andy Ridhi QT bveldIFetsh 8R%, b&th o Whitihnge highly qalvasiageous for the

processing systemthat does not require a high

industpyr essure ignition step. In step 302, the stabilization
step is perforned. This stabilization step is

anal ogQus, ta that .discyssed in,connecti j
[0025]; ef r eﬁ@’éle ﬁ]@‘}ﬁﬁé’rem_é‘%’?ﬁasp R Bscngg?l%tfﬁ’f’gsr gfgsteg%’ilarli)rze ferred n,
emboq:illﬁ@nt@,l ASBrd Atk §erntafibnd, dRH ba@0alehte vhddfaR twithie the scope
ower pressure set point while the bias conpensation

of thisinventige. Fer &apiplatithargh the spaghfict impl¢merntstiondias begmdisgisaed in
enbodi ment,, the igpition pressure i.s .between,about.
conneqhpd Wity ¢ghing a5t eg;gﬂﬁfp&-pr_ CRITIER s LSS Onﬂ%,%ﬁﬁtg other
ARk Qs L5, BESOMRRI, aRSkhg Sy Aatianbrakp vth
Sumtréé%%%%%hﬂeﬁhﬁﬁ%et% (ggétg ﬁ%r enbodi ne%tg\&) }:ﬁh[e iag1 ni t ironsa er .
procespihgpehereby plakres ignitiorais oequid. imgher, eves thonghtthy epaeilfsy gxample is
. [0023] In ste the etch. st commences Wi.th the .
llustrifh B REURK AL Po 00 BRAGE BRI g TREB PG BRshy e Fvention
' ' £l thGeRb SREILDE Wdse
may alg%&é? &glﬁg@ﬁ%@%@éﬂg %OE?SEgltg S?rafl be si gnlgfi csar?fdli);lj(gml{:'r
inductiliefyt &ouphid plasams, zgracitively-donpledgiastiap ECR-ganstated (etectron-cyclotron
slightly higher than the, chanber .pressure .requi,e
resonafie) MBI e RIS WoESs SR Gl EERSAEE EERLes it L HIsH o be
SRS | ; RSe
noted f?rl,gﬁ | %naéedg%é# ?l?ég'#l%lt}’vbeg%yfs%%ﬂleﬁﬁﬁﬁﬁ@tﬂe%pﬁ%ﬁ@es%ﬁﬁe pRSent
invention. It is therefore intended that the following appended claims be interpreted as
including all such alterations, permutations, and equivalents as fall within the true spirit and

scope of the present invention.



[0024] As can be appreciated by the foregoing,
enbodi nents of the invention elimnate the high
pressure ignition step, along with its conconitant
di sadvant ages such as excessive polynmer formati on and
| ow etch directionality. By setting the bias
conpensation voltage of tApAR8C s bi as conpensati on
circuit at zero or near zero and coincidentally making
the wafer be near zero volts also, plasma can be
reliably ignited at a | ower pressure. Since there is
What j5¢lajged1s:t o reduce the chanmber pressure fromthe high
ignition pressure to the | ower etch pressure, |ess
time is required for the overall etch process.
1. Fiid plesmimplcessinggsteleenidgaplasthdipiocsdsing chivabéri amdl an electrostatic
conpensation voltage at zero or supstantially zero and
chuck cpeplpd i bipgpempensatinneitoytica method 1p5 pracessing asgpmgoaguctor
submrnonx}heéi nition step. These contribute to an etch
%?bcggglf at i s capable of a wider process w ndow and
ajgh RGeS adyEmal plaghLignitionBteph &dilh pbmatigritionstep beigh pyrformed
advantageous for the industry. [0025] Wile this | .
while # fivst hids samipersatior Holirgs droHdul g}hsamébm compesgéqpgircuit to said
referre enbodj npnt s here ar [ terati :
chuck B Sl £ Sl VBl £ it Sl iRl it 2 plpsg grocessing
chambERARIoWhAbIURDE i To¢eNt i on. For exanpl e, al though the
specific inplenentati on has been discussed in

caftensaidipdasmaiis ignéted Hiroepssing 54i@ subsirgte inpaupsteteprIceRying step, said
ste the inventjon also applies to qther . o
substrpldcesii 5P BRLloy g & Stari sty iohdoaes progjged by said bias
compehbARMI MSuit RAk WREG WdnQRid Mrst BiRY cSthpéisatidi VAGES biba second
whereby plasma ignition is rggylred. Furt her, even
chambehpuesgure subspedlyf ¢quaktossaidl forsi ghamiber pessswag-ed in t he
context of a 2300 Exelan(r) -series plasnma processing
system the invention nay also be enployed in other
2. PHRSHBHBA BEESTh TvIRYSh A firkHdsUdnipentios SoRARY i@ ¥inptbyed only
i nductively-coupled plasma, capacitively-coupled
long emdughrta prepaie-sgeldasmetbr (@t euhstmte-prpcéssingstep. r esonance)
pl asma, and/or other types of plasma generating
technologies. It should also be noted that there are
3. Ethb& bPahinY & WIRYdn 9 ldutBh SFEAH 'ﬁ'ﬂﬁnfarigniﬁﬁﬂ 3ePidSdSw about
0 ttﬁe present invention. It 1s therefore intended
10 secortdt t he fol | ow ng appended clains be interpreted as
including all such alterations, pernutations, and
equivalents as fall within the true spirit and scope

4. Ofhel {16hBE 55 8%Hm b WHRRiA 9 Quration of said plasma ignition step is below about 5

seconds.

5. The method of claim 1 wherein said igniting said plasma is performed while said first

bias compensation voltage is zero.

6. The method of claim 1 wherein said igniting said plasma is performed while said first

chamber pressure is between about 40 mTorr and about 90 mTorr.



7 CLAAIMS What is clainmed is: 1. In a plasm
processi ng system having a pl asma processi ng chanber
and an electrostatic chuck coupled to a bias
conpensation circuit, a nmethod for processing a
7.  sEhe metiddof olaim dubisdreiatsaid igmitipg said pipsmiagnperforged while said first

plasma in a plaspa ignition step, Sai | asma ignition
chambgt pIsSHES HeHEFIADRY Prgn asg‘f%@ IB?%’E conpensati on
vol t age provi ded by said bias conpensation circuit to
said chuck is substantially zero and while a first
8. cChhekethoplo€shithd whdrbinsaiddguitipg ssdplasmadepsiforged while said first
chanmber is bel ow about 90 mTorL; 26“6{“ said plasma is
chambjeg aresiie 1sgiepvesaAbayt ehmdom 39d ppeitdl)
substrat e-processing step, said substrate-processing
step enpl oyi ng a second bias conpensation vol tage
9. PrRYmegddby ckahd Whesin saidipsitifgbaid plasimadsipérfdrivet] wisle said first
hi gher than said first bias conpensation voltage and a
chambseprsasire sthgliyeabgut @9 suf@r.subst antial |y equal to said
first chanber pressure. 2. The nmethod of claiml
wherein said first bias conpensation voltage is
10. R R¥eddonkiim l10MereiAQuidhghifin® kA0 plemads perfirardaviilersaid first
sai d substrate-processing step. 3. The nethod of claim
chambgr piessues is belayuataut §8 moforsai d pl asma ignition step is
bel ow about 10 seconds. 4. The nethod of claim2
wherein a duration of said plasma ignition step is
11. DELOW-MBAWE claim I 8FIEIA said a)légﬁﬁt pretdisidg gfsterh adpresknts an
wherein said igniting said plasma is perfornmed while
inductivalyscdupiesitplasmiaggrocessipg spdgiion vol tage is zero. 6. The
met hod of claim 1l wherein said igniting said plasm is
performed while said first chanber pressure is

12. bEiBEMoaReHhiA] wIlRER s@aHIRARAYro8RsiAY 8Fstem Bepresents a

capacitively-coupled plasma processing system.

13.  The method of claim 1 wherein said plasma processing system represents an ECR

plasma processing system.

14.  The method of claim 1 wherein said electrostatic chuck is a multi-polar electrostatic

chuck.

15.  The method of claim 1 wherein said electrostatic chuck is a bi-polar electrostatic chuck.

16.  The method of claim 1 wherein said electrostatic chuck is a mono-polar electrostatic

chuck.

17.  The method of claim 1 wherein said processing represents an etch application.



7. The nmethod of claim1l wherein said igniting said
plasma is perforned while said first chanber pressure
i s between about 50 mforr and about 80 nmTorr. 8. The
method of claim| wherein said igniting said plasma is
18. p&ht orathend ofivldim lswherein saigt substaterrpresgnis asgmécongductor wafer for
d bet ween %Hout i?no nmrorr and about 60 mflorr. 9. The
produging pREBCd SirGHi 1 wherein said igniting said plasm is
performed while said first chanber pressure is bel ow
about 60 niforr. 10. The nmethod of claim 1l wherein said
19. i Ghe tietlpdsdicthipl lawhereinssajskesubstrate teprdsehte adhit garfel sehstrate for
chanmber pressure i . bel ow about 50 mrforr. 11. The
pﬁﬁuﬂﬁgﬁbgaﬁpnﬁ f PADE aﬁ%?ﬁpﬁﬂgﬂid pl asma processi ng
systemrepresents an inductively-coupled plasm
processing system 12. The nethod of claim 1 wherein
20. sZhénpimdnd chimdewshéram saidsdubsirate papessemts @ nano-machine substrate for
capaci tively-coupl ed plasnma processing system 13. The
produgipg RaRP-BRCRINgS m 1 wherein said pl asma processing
system represents an ECR plasma processi ng system
14. The nmethod of claim 1l wherein said electrostatic
21. chiugplasfa prodedsing gyslear havirgcd plashapiocesstigwhkmbdiSand kineelectrostatic
met hod of claim 1l wherein_ said electrostatic chuck is .
chuck gowpleq) i mbiag Ferapensation ¢ircuithy gethodfgr progessigiaystgte, comprising:

Cc el. n-: . . . .
T RS LB Syl Sty g b
compedba@ion clrcwh s sdidh chwdkds piilgeasiailyigerogpr esents an et ch
application. = 9 18. The nethod of claim 1l wherein said )
s@t%gtsmétpéasn@gs igraigtspracessing said gubttite Ywngs sqcgpd bias compensation

0 B ng i rated circui The nethod of claim
VOltagghﬁlgf%lfl% S%gﬁggé)ﬁ%scto}m erégalrﬁg%?/ 8&2 ft s ‘a flat panel
substrate for producing at |east one flat panel
di spl ay product. .
22. The method of claim 21 wherein said first bias compensation voltage is employed only

long enough to ignite said plasma.

23.  The method of claim 21 wherein said igniting said plasma is performed while said first

bias compensation voltage is zero.

24.  The method of claim 21 wherein said igniting said plasma is performed while a

chamber pressure within said plasma processing chamber is between about 40 mTorr and about

90 mTorr.

25.  The method of claim 21 wherein said igniting said plasma is performed while a

chamber pressure within said plasma processing chamber is between about 50 mTorr and about

80 mTorr.

10



20. The nmethod of claim1 wherein said substrate
represents a nano-nachi ne substrate for producing
nano- machi nes. 21. In a plasnma processing system
havi ng a pl asma processi ng chanber and an

26. ellhe tretisdatfickhim@ uehereinispidagnitiog saith iplesmaosrperfanied ovhile a
circuit, a method for processing.,a sybstrate,

chamteg RSPk NGIn 12 PIePHg PEPBI SHARET § 8W5eRaPoy; 60unTorr and about

60 mToyPensati on vol tage provided by said bias
conpensation circuit to said chuck is substantially
zero; after said plasma is ignited, processing said
substrate using a second hias .conpensatign oltg )

27.  hithaerethod g4 clagn @ Iwhesein spiddeifpg éEHE af%swﬁ %ffr%[%@ls. %391? a

chamb;gg ﬁ%e'gﬂrg W?thm‘ sa?<+ ?lig%ﬂqu ?)ro%fsﬁlfé &agﬁ%ﬁilsyefo%& atu80 mTorr.

ensati on Vvo s enpl-oye 'ong enough to
ignite said plasma. 23. The nmethod of claim21 wherein

said igniting said plasma i s perforned while said .
28, fihemetigiasc rrerein ﬁalddgmgg& sqid plaging is parformed while a
met hod. of . ¢l aj L0 sahd hani ti [
eSS0 ART] A BERLRAR b B0 KO, B0 sl
pl asma processi ng chanber is between about 40 nflorr
and about 90 nforr. 25. The nethod of claim 21
29.  whke wicthod off @laim Ril twheeein s2id prvcgsyine said pestratedeperigimed ag

AR S B R GRS PR

said plafifgamet hod of claim 21 wherein said igniting said
plasma is perforned while a chanber pressure within
sai d plasma processing chanber is between about 60

t.,6 fforr.., 27. Th thod, of claim 21
30, W Hat o o 4Bt a1 PrheEPIS o S tna SR S s et 88
inductRBRIQRIpIRA PSR Roddskink Rys#@hd pl asma processing chanber

i s "bel ow about 60 mlorr. 28. The nmethod of claim?21
wherein said igniting said plasma is perfornmed while a

31.  The method of claim 21 wherein said plasma processing system represents a

capacitively-coupled plasma processing system.

32.  The method of claim 21 wherein said plasma processing system represents an ECR

plasma processing system.

33.  The method of claim 21 wherein said electrostatic chuck is a multi-pole electrostatic

chuck.

34.  The method of claim 21 wherein said electrostatic chuck is a bi-polar electrostatic

chuck.

35.  The method of claim 21 wherein said electrostatic chuck is a mono-polar electrostatic

chuck.

11



chanber pressure within said plasma processi ng chanber
i s bel ow about 50 mTorr. 29. The nethod of claim?21
wherei n said processing said substrate is perforned at
substantially the same chanber pressure as a chanber
pressure that exists during said igniting said

plasma.. 30.. The thod of..claim.21 wherei n said pl.asma
3. pIBE BEopr el A v da Seif R ing rekeae o an SRL GmB AR
pl asma processing system 31. The nethod of claim 21
wherei n said plasnma processing systemrepresents a
37. cdpaadicthiodalfclaimn?il velitrgih agidessubstztempiasents § seraiepnd R torader for
net hod of .clai.m 21 wherein said plasm processing
produging drdpgrated CHEWht s an ECR pl asma processi ng syst em
33. The nethod of claim 21 wherein said electrostatic
chuck is a nulti-pole electrostatic chuck. 34. The
38. nEhbatieid oflchim22 Ivivdnein aaid sshstchteteprserus b dnf panehsubktrats for
a bi-polar electrostatic chuck. 35. The nethod of
producing phieast o BRLTARCLEFRIAEPEIFost at | ¢ chuck | a
nono- pol ar el ectrostatic chuck. 11 36. The nethod of
claim 21 wherein said processing represents an etch
39. aphé heeidddT cladi .21 Wierdir shiddubdtratd @preséiks whanceinaclsiae substrate for
substrate represents a sem conductor wafer for
produgipg sard-AYchin¢segrat ed circuit. 38. The nmethod of claim
21 wherein said substrate represents a flat pane
substrate for producing at |east one flat pane
di splay product. 39. The nethod of claim 21 wherein
sai d substrate represents a nano-nmachi ne substrate for
produci ng nano- machi nes. 12
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