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WD 2004/ 059716 PCT/ US2003/ 039994 A SYSTEM AND METHCD
FOR CONTRCLLI NG PLASVA W TH AN ADJUSTABLE COUPLI NG TO
GROUND CIRCUI T 5 BACKGROUND OF THE | NVENTI ON The
present invention is related to sem conductor
WaBpM@atTion. More particularly, the inventi¥n/yg003/039994
related to plasnma processing during sem conductor
fabrication. In the fabrication of sem conductor based
devi @?ﬁﬁm NG g aage U(ﬁ;imonﬂlbrgiﬁq%&m

ISP % bQ]f'P]?WG
depo A&\ﬁfﬁf C eg rom a V%?GIF@OI‘ %ubgg‘g{g
surface (e.g., the sem conductor wafer or the gl ass
panel). As is well known in the art, the etching of

the deposited BAGKGROPURE) QFeTHEINWHNEKIS by a
vari ety of techniques,, jncludin - c
et CrRTgreRet IPRLTRS Spi e e s TR EEBR Kbre
Sk i e 8 YRSk dt R ek ke SuiBgeniddnductor
pas{ﬁéﬁéd@ggﬁ%nggﬁ%&%%gggggi ng cha%‘oere. D%rlilng the etching
faBfiegRss, a plasma is formed froma suitable etchant
source gas to etch areas of the wafer or substrate

t haty, 3 LrabHBRH SCe8bcdiudtormbaded dbeiawd (eg. ebgmitdicheuits or
desired pattern. There are two types of plasmas tha

. t
flarpanelndismye) 1amrquamm,i@nwr@t@@mé§1§ﬁﬁﬁi@posﬂﬁéﬁﬁmn etched
g Tae: PhuRTERe 3¢ (ot o sBRARTR e GERE S paneh).

; - api.nat . +
REIpRERLFIIA Bl etepsataloais o o

AREBYisId IS saay of tebimiquas, includiteplaphasneansed ciebisigndn

chanber walls are made of pmterials fhat are
plasmerepharicod etching, fhe acisl sichvie of s WAL 8 SURSERCIFiPhsE

. pl th is |t ' ' ' :
DGt Bl S SreDyis BRI BLER, b R

ﬁ{b fabVedibisant 66 g0l drebiphasntes opsubsirdie that are
evel of cleanliness that is not provided by

unproteckedchyre masic deavingseehindibadsesiraddafieror art syst ens
pl asma can be prevented fromreachi ng the chanber ]
wal | $herb¥ireetstalybestl plgsnasihatiaet ymployed puplesmeephasiced stehing,
either electric or magnetjc in natufe. of
nexalyptanfinel@lgsieas gad uBcQHEd REETRS: ﬁlﬁ?ﬁi‘?ﬁ‘?ﬁ%m@ﬁ touch the
pfa%rnrfalprllgcr&ralsesnutlg rche?rggerrvsaﬁis%ﬁtmay contaminate the wafer or substrate by re-

depositing atoms from the chamber walls on to the wafer or substrate. Typically, the
plasma processing chamber walls are made of materials that are incompatible to the
wafer or substrate. With confined plasma, there is little or no contamination since
the plasma is stopped by some means from reaching the chamber walls. Thus,
confined plasmas provide a level of cleanliness that is not provided by well-known

unconfined plasmas.

In prior art systems plasma can be prevented from reaching the chamber walls
by establishing a variety of repulsive fields, either electric or magnetic in nature. By
way of example, the plasma is confined by a plurality of confinement rings resident

within the chamber walls and by means of draining charge out of the plasma just
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charge out of the plasma just | WO 2004/ 059716

PCT/ US2003/ 039994 before it can reach the inner

limts of the confinenent rings. Since the confinenment
WORge1/039-d6 made from an insul ating material tRel/U§093039994
charge to a potential conparable to that of the

pl asma. Consequently, a repulsive electric field wll
bERRO RSN fa thttfeh@neﬂ lﬁﬁﬂé Behe @Gﬁuﬁbﬁn&ﬁ@ﬁ? .08ncé ﬁié&i@)hﬁnement
ring that wl pl asma from protrudi ng any

rings aﬂeenadelﬁom rawansiﬂatmg roatenid) dheywaill char Retoey poterglaﬂ oomparable

FI G re is shown agn illustrative prior,. art s e

ta ot AbE B RlpsHe. SoeaenthasRiioNR 5{605&1@?1&% cipanate Hrom the
c Ci C f

GRS HFRURL e Tl A5 Ry 1R o ARG 0
i AN B¥stEihe denbtawhlld.ed by Lam Research
Corporation. The illustrative system 100 includes a 10

par akl%ﬁhu% ﬁG"ll&fﬁ% i ﬁﬁ)%noe[n HushatRe ﬂrﬁﬁ%ﬂ%?stéﬁq OO_Haemg a

r eact or i ncludes a chanber having an interior
pmﬁtiem chiandar thiat gerckestes 2 dapaaitivein qouprlRFephyma Byamymﬁ

104 connect ed to an out]et in wa
eK@QE]le@Fl ngt ehlimgatiegs thealugeative G}S%?méﬁa% Egiﬁie“% RS

ni%%ﬁﬁa&ﬁfgef gfﬁ%dﬁ Q%ensmfd);fb 3 asfr‘.%u@g‘%“ %(% sggtgfrna]too jneludes a

phR¥flel Saetpsntreactdtialchiak @é&éﬁﬂqwlﬁ“ha&émelmnﬁclmram n
RF energy from RF source 108 is supplied through a

chartbérihayingreatintstior 102 mamtangbm dagired aquusrlpressuze byrh e

RF 8 i d A

RSB copfeetit ot Srtat g i Eﬁt%ﬁasaoﬂ e oqm be
t

S8 40 gy s

negtidurg idznsiiy pldsenetantbegzensated in tioe maptbabyra daa}a‘lrmuency

plurality of 20 _confinenent rings 120a a
agreREqmRt ihergin RErenere: fiap @aweqet Qe o §u lﬁS‘I tﬁr@ugh a matching

n}g&%%{ h§i5d ?fleise E?(?Ctt%ﬁ? ‘il 12 u?e > ﬁx%%tl@%‘cis %}ﬁfggﬁ &4 dl%%flpply

ower 1S su 0 es such as''t

HF psinaney7 MH§ BRd eMHY. r Elétkéte 1456 kigb@sthded elomods| A wafer or
owned U. S. patent No. 6,090,304, the disclosure of

subsitiake 116 inshpwytadrydhppewered elspiroded b} antis etchsd with plasma
Ref err,i,n 2 there i.s shwnac:{osgfcltlo?al
tate plufa

goPgaeg oYy srgwéheoﬁmmswmw asma s ity

confinement rings 120a and 120b confine the plasma. Other capacitively coupled
reactors can also be used such as reactors wherein RF power is supplied to both
electrodes such as the dual frequency plasma etch reactor described in commonly
owned U.S. patent No. 6,090,304, the disclosure of which is hereby incorporated by

reference.

Referring to FIG. 2 there is shown a cross-sectional view of the interior 102 of the
plasma processing chamber 100. The interior 102 includes confinement rings 120a and
120b. Although only two confinement rings are shown, any number of confinement rings
may be provided. Within the interior 102 of plasma processing chamber 100, there is shown

a powered electrode 122 on which is adapted to receive a wafer or substrate 124. The
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pl asma processi ng chanber 100. The interior 102
i ncl udes confinenent rings 120a and 120b. Al though
only two confinenent rings are shown, any nunber of
confinenent rings may be provided. Wthin the
VR2844(98Y716.02 of pl asma processi ng chanber 10BCT/P1A(3439994
is shown a powered el ectrode 122 on which is adapted
to receive a wafer or substrate 124. The 2 WO
pAROA 203451 RCTA HERAASAGRANh anp eviebcthediend sysem, 424
can be inplenmented with any suitabl e chuckin stem
electygstatics nsehanisel, elempingvacHERi % dhe ke aqd i %’1‘5‘9”’%}%6 ?}% Ay ingplator
e ike ST int ' I8 cah 6nMukibate RF
1%62511%1{ %qsulaaqufal? ?’S%Slsfé I%ﬁﬁ@‘%ﬁ?ﬁ%ﬁﬁﬁ? ﬁ%i%p%tRF power
p&tEp phvwingl2Bequantyad ebam 2 daletoRbout 33 Wz teappvigepdeplectrode 122.

requenc f ab 2 MHz.to ab 0.
e L
tol B fcsRASAEs A2@H pdndesl Ahekdr gatededi3otrod 3R absts deupiubbr

to confinement rings 120(;1 and 1@b. Anotthengr oun,dSIeld Iv 128
ring K36tang isdocetssl e the Pewed Fleiods bt 1p PRGELIsRE R SIPPY
drRGRLGEs R oweP R #%gé@?é’dee@ecﬁb&qtmmis%tﬂcbﬂy €RPledtd gounded

power supply communi cat es RF power to powered
cledtedt i3le 122 that is electrically coupled to grounded
el ectrode 130. 10 SUMVARY OF | NVENTI ON The invention
provi des a system and a nethod of controlling the ion
energy and plasma density within a chanber configured
to generate a pl asmaSUMMARY OH INMENZIONe enbodi ment,
the plasma is generated with a capacitively coupled 15

di schgd BRentTdneproeides @ Bykieh and e ey of controtles: the ion energy

powered el ectrode, a power supply, a plurality of
and plasule dewsityovithin eshamber eonfigajeddp %mf‘éaté&tgﬁ lnghe

. 2d ' it. .Th d . is. ' d
il oo Gt £F P Baraaisd VHfiEe CorsbisbRL SR
dﬁeﬁe{rg{:.! Y& YenSiebliRebricRakber iRENBELHpSF el ERLEodd hgpower

plurality o grounded el ectrodes are configured to
s@gigrapleratity ef grotndedalleamdes end am adiustablerreuping tvaspwer

l ectrode. At I t th ded t [
chpEbt FheBged slpgreds BgoniRucL i e aBPe Bsu 1y A The
R ibe 5 Sy BRlll 35 Ay RANIL b S Ta Py of
285144 el cRb BB lakOeth figlihed foqueneraty gyelecirical connection with the

powered electrode. At least one of the grounded electrodes is electrically coupled to

the adjustable coupling to ground circuit. The adjustable coupling to ground circuit
is configured to modify the impedance of the grounded electrode. The ion energy is
controlled by the adjustable coupling to ground circuit. The plasma density is

controlled by the power supply.

The adjustable coupling to ground circuit comprises either a capacitor or an
inductor or a combination thereof. In one embodiment, the capacitor is a variable
capacitor. In another embodiment the capacitor can have a fixed capacitance. A
combination of fixed and variable capacitors and inductors can also be employed. In

another embodiment an inductor, such as an inductor having variable inductance, is
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controlled by the adjustable coupling to ground

circuit. The plasma density is controlled by the

power supply. 25 The adjustable coupling to ground
circuit conprises either a capacitor or an inductor

WO 280405%7i% nat i on thereof. In one enbodi ment , P¢THES2003/039994
capacitor is a variable capacitor. In another

enbodi ment the capacitor can have a fixed capacitance.
oo RN BRLARRIG, ThyEPERCANG oHBolPRLA, (8RR iolidn B Capagitor
afd indudie tiotsedw eiie @fusiable ndurdingrto geonindgirewiti abl e

i nductance, is 3 WD 2004/059716 PCT/ US2003/ 039994

used ﬁ%‘ r8dsh, Blc iNaRARIVEVhambEr M%bnﬁgiﬁ‘é@ﬁf gepeRdlh 0Biined
the conbi nation of capacitor i nductor is used as
pldseadtipnis cafiredouitiph phyality o@ pomﬁrcbnmnt dogs . Inithe illustrative

cgmarad Bere Sra b aroupe o Feivegicelnepneisd i fhadBuable
CB{%%‘% to né%?‘ﬂ{ Gaatd %@%?_fusfdbm ghg%y%‘lohﬁ& BRd 1%%0‘{/&&?‘5116

ere IS rst ect

fabggbindedleloctroae phithch fist Hiipealdnctts Rl ferst mxpeﬁhndegfot the first
ground circuit. The adjustable coupling to groun

gEpynsiaft @lemr@dﬁ Walspensient on mcagm@rfd@dnéw% Né@fiemm pdigstable

f f f
R R SR it A soRh eraBREe B ods Yol ehiied
cldieieas frdupRadilely Regradhdistahé musﬁr@ml érﬂ&odm@xeﬁf qw?fst

circuit. A second grounded el ectrode and th
igpedande foritbe ﬁtsé gtounded electrodepis @reatiirrtieant thy 1mpe@noe| agkociated

b B oS e
JEBSHRNGE i GPARELAS the Whiha BISHOLBGNSY SEbY 0%l e

edance

egh@plel DGR st drounded eddvgiody vxﬁﬂnrthé highet mpéﬁa@mhﬁxﬁ the ion energy
controlled. For the illustrative exanple, the first

agjiey divae thediretearpvariedyledtradréo Hiegrisr gir%@ééﬁlﬁétrwf ts

the ion energy 15 away fromthe first grounded
el ectdditnally,tahectbod éor ool tedlesnecinagdasna processing chamber
JAdditjaonally, a pethod faor ﬁcontrol asnma i n

ipproyiaedn e sathotcquppriase the fist fﬁmml r&éﬁvp ' NEAe24gdR Fhﬁ;plasma
pg&agggrmé gﬁantﬂ;b?. fhb ggwﬁl{eﬁpel&fn O‘?E gse%o\éx\';%rgreeg tg ?éoc ixﬂs 4 nger or

_ processing chanber rode
sabytfatcgatidadodived R ind a \Water s@ply Sﬂhﬁﬁlﬁﬁhﬁlsagkﬁelated by
recei ves power froma power supply. The plasma is
elpstrigally sgupling the powered electrode to a first grounded electrode and a second
grounded electrode. The impedance of the grounded electrodes is used to control the

ion energy. The power supply is used to control the plasma density.

BRIEF DESCRIPTION OF THE DRAWINGS

Preferred embodiments of the present invention are shown in the

accompanying drawings wherein:

FIG. 1 is a prior art system having a process chamber that generates a

capacitively coupled plasma.
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20 electrically coupling the powered el ectrode to a
first grounded el ectrode and a second grounded

el ectrode. The inpedance of the grounded el ectrodes is
used to control the ion energy. The power supply is
Weam4087¢ont rol the plasma density. BRI EF D%%%?q%‘\?”“
OF THE DRAWNGS 25 Preferred enbodi nents of the

present invention are shown in the acconpanying

dr avg gD WRRF&s Rectidn@ view &f the fftéridr ofitiie Sliisheprdeassingg

a process chanber that generates a capacitively
cloomipdr showh asFiG. 4 WO 20041059716 PCT/ US2003/ 039994

FIG 2 is a cross-sectional view of the interior of

t he PIGSna aprasessticigl vieherizefirssérnbaodiinentFof@ plasmépaceSing
IS a cross-sectional view of a first enbodi ment of a
chprakardiaping e a6 ustrblesraphag thekpuad clfihdj ust abl e

coupling to ground circuit. 5 FIG 4 is a

cr osBIG dcis ia@nass-sectémabyicw efscssaonderbbetliment ofuf plasma

pl asgma prqcessing chamber wi th an adj ystahl e coupling
PEQGCIHRA cf W&ﬂ‘ta% qﬂi‘é?;%ge ?@inlm@ ?%g@@g&rf“&ﬁal vi ew of
a third enbodi nent of a plasma processin

hanb ,
wi t hFKh Sddjassesatseetionslipiernef at@irgremméil%@% &b %ﬂﬁ?asm%&m%essmg
' gss-sectignal view of a fourth enbodi nent of
chiforavith g ppoveds chpieinssr g Ml Sdiistable ©

ling t dcircuit. FIG 7 |
Cr 0SEIG AUBRRAS-SPURReL IR §6 % NHth FERRAHRSR O§p PLESBas

AR et Vbt st 0
etal e Basbestrrasiut HeBl 8Bk SeRaRRAFAT gliSma processing

LSRG AL EhBIE  BESlidgSioBeGd Grdufte acconpanyi ng

¢ raﬁ?ﬁgs, mﬁﬂch forngglggft of this application. The
dr anef20% ; | chhsifirleAihstvin § PRIbdsIng chamber.
enbggﬁﬁéﬁfg&ﬁ%wgﬁ%ﬁ?@t{9?$$ent?o Iﬁ%ylﬁegprag¥%€égﬁéﬂ
It is to be understood that other enbodi ments may be
utilized and structural changes may be

DETAILED DESCRIPTION

In the following detailed description, reference is made to the accompanying
drawings, which form a part of this application. The drawings show, by way of
illustration, specific embodiments in which the invention may be practiced. It is to
be understood that other embodiments may be utilized and structural changes may be

made without departing from the scope of the present invention.

Referring to FIG. 3 there is shown a first embodiment of a plasma processing
chamber having an adjustable coupling to ground circuit. FIG. 3 is a cross-sectional
view of a processing chamber 200 configured to generate a capacitively coupled
discharge. The plasma processing chamber 200 is also referred to as a system. In
operation, the plasma processing chamber 200 is configured to receive a gas that is
converted into a plasma. By way of example and not of limitation, a relatively‘ high

gas flow rate is pumped into the plasma processing chamber.



20 made wi thout departing fromthe scope of the

present invention. Referring to FIG 3 there is shown

a first enbodi nent of a plasma processing chanber
havi ng an adj ustable coupling to ground circuit. FIG
WO280485¥ss- secti onal  view of a processi ngPEHuTHIE039994
200 configured to generate a capacitively coupl ed

di scharge. The plasma processi ng chanber 200 is al so

r ef eTkeglaéma focdssiySéambel 0@ mchyles apoorred diectldagon, a
processi ng chanber 200 is configured to receive a gas
powett supply H¥nerd & Sigstigreundad pleagede 2G9hayine ¥t adinstalle soupling

1§ gound a1 o areT gl Pl altRy EREs e f Wager o
sﬁ@ﬁ%@p%ﬁgy%%ﬁei%&%%é/ 193828 dvelyl Bupk B&Be power supply 204

processi ng chanmber 200 includes a powered el ectrode

c@ffZgured faoyenerasiip BRpaR@4, Barwhyaoffexamplegamdured of limitation, the

el ectrode 206 having an adjustabl e coupli to ground

ﬁéﬂ&@ﬂﬂ@@%@ﬁfﬂ@@é@\%@@d&é{@ $sp Spm 19 qaé{%g‘af‘am‘@%eg Sﬂ‘ﬂmd@
cei\ve fer .

205 gl o5 ot SHADlS o LA e BH 3G 2045

aq@c}@(gvg&rsgdrcbp generate a RF power. Byway of exanple

and not of limtation, the first grounded el ectrode

has I8 0l @RPubdiafe bhReRl Riecbdt Da2 PAWRERHally, a

el ec%[houggg?%%géﬁlﬁ(@iotsi onlalll ly, egy \?vay ofc exanpl e and Y

séihd @founideil ektirode rihg121Doweounds il firse@ounded ele®@odod@iér The

source. A quartz focus_ ring 210 surrougds t he powere

g ) . . d
seqoadgr@nded gleciradriving dhais gfectricallysounled fo stgdigd goss not

el ectrode .nin ; r he, 4 . :
gy €6t P e S LOBRul T Ui o Bh BB rode 254 i
dispofdasddv @Rl duareu@lsathe 21 00 rTHendira pebuddes eleotrodd12Mealso
an adj ustabl e coupling to ground circuit. A third
dgesonpidedudd mcadjesiable tdupling tdigspmeladrcdl ow t he quartz
focus ring 210. The third grounded el ectrode 214 al so
doesTheplaking prsbessing alstinilsdr 200 és amiighieatgotgenepmteumebniined

circuit. 15 The plasma processing chamber 200 i
plasiei Gandigemeniginasridoa and boR assaniigis ﬁ%?o%gﬁr‘?‘ﬁ slheme-
' 6 216h . £ '
R R L B T
iﬂ@){n}]p%tiﬁfeewiﬂ?ﬁﬁ WAfen8 fibk@dts. Coatingd Flasrhd pRyvidssilil€or no
Wi

the wafer or substrate. Confined plasma provides
chitatdimation frmom the processing chamber walls. It shall be appreciated by those

skilled in the art that confined plasmas provide a level of cleanliness that is not

provided by well-known unconfined plasmas.

The adjustable coupling to ground circuit 208 is electrically coupled to the
first grounded electrode 206. The adjustable coupling to ground circuit 208 is
configured to modify the impedance of the first grounded electrode 206. The ion
energy and plasma density of the confined plasma is controlled by the adjustable
coupling to ground circuit 208. The adjustable coupling to ground circuit 208
comprises a capacitor 218. The capacitor 218 has a fixed capacitance which is
typically less than 1000 pf. However, it shall be appreciated by those skilled in the

art that the capacitor 218 can also be a variable capacitor.

6
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contam nation fromthe processing chanmber walls. It
shall be appreciated by those 20 skilled in the art

that confined plasmas provide a | evel of cleanliness
that is not provided by well-known unconfined

WP 34HHAE7I6The adj ust abl e coupling to ground cRGIEYN2003881894
is electrically coupled to the first grounded

el ectrode 206. The adj ustable coupling to ground

Ci r Chiet cagftor 2 18 GAd kdsiibrexR Ot of thdalljiistatilb eouptipedaneenal circuit
the first grounded el ectrode 206. The iqn 25 ener%¥
26 genetasmiictinpadanes whish ig differens drom Bedmpedance of the second

senpde 1egnde 2faand e Esdrutiosl S RIrhaP 6, LR UM ofhee

' i tHeARB G der desT B i6ARAGZY @hd 2HSplasgsa
Clga%éf:%(egﬁ@%%gétug%ce \?A%I:lé:eﬁ eilc§C%l%t ?/Spi call ly | eggs t han 1000

defsity Homey plasmitcas balcbnipelleip Hoe theafitstierblyodibest tiekditst ed
in the art that the capacitor 218 can al so,

sunibrleciads2dpooih s psblsswstn b Pty 5Bt P bisgy
T J i 21 i i
hig 6 AR Yot W scefitd Blshadrclellode 23aiAl ARl

cfiRaEPaEGoMRIND. iThetigHeiapédantofoinhe fitpedonnizdelectrbde
second grounded el ectrode 212 and the third grounded

slefte dieriod en@ gy and\plaamaatcnsity ayayt fisers ghe firsh arppndpe electrode so

i npedance in the grounded .el ectrodes, the i.0 n .
oD S SR SRR b 8L g
lo%’é}ti&gk%ﬁg For the first enbodinment, the first

gr ed e

oun ?’ectrode 206 with the adjustable coupling to

Phe  BonEESih b TRaly REEPG RS TRE Y Dl A
2R RS AnE LRIBhERRBL cokftrol S Blafing Aessityrpadaneerky Oeie the

first grounded el ectrode shifts the ion energy and .
procassimg cheniet 20Gparynifsrtherindeperfdenseongiob o pleama deptivsad ion:
so 10 .that _the ion ener d pl as density i .

CBHEY P 6 REherwrS et éatahle pornlingdo ergyg chyegli 08 in

' ith! | REORENRF the i
chRFIRRE iyl bpid ki et L st FSopauer i o
ch&1Ee RENIISRIRE eiirc| Tied plabas densityrisinhiniyndhtialleddryahgotal
Here, the processing chanber 200 permts the
powgepwpliehby tsmavetr sBPPIBI284na density and ion 15

energy wWith one RF source. The adjustable coupling to
gr ouAd itlustative n@@&natical model has been used to confirm the ability to

control ion energy and the plasma density. Referring back to the prior art processing
chamber in FIG. 1 and FIG. 2, a 1200V (peak-to-peak) and 27MHz RF power is
applied to the bottom electrode 122, the resulting DC bias is approximately 302V and
a plasma electrode voltage of -858V. Referring now to FIG. 3, an illustrative
adjustable coupling to ground circuit comprises a capacitor 218 having a capacitance
of 2 pF and a resistor 220 having a resistance of 3 uQ. For the processing chamber
200, 1100V and 27MHz RF power is applied to the powered electrode 202 to achieve
a plasma density and plasma distribution similar to the plasma generated by the
processing chamber 100. Additionally, due to the change in impedance at the first

grounded electrode, the DC bias is only -200 V and the plasma electrode voltage is



10

15

20

25

conbi nation wth the grounded el ectrodes permts the

i ndependent control of the ion energy with one RF
source. The plasnma density is mainly controlled by the
total power supplied by the power supply 204.
WOI20&40%5%¢ ve mat hemati cal nodel has been useBCT/ES2003/039994
confirmthe ability to 20 control ion energy and the

pl asma density. Referring back to the prior art

GHONG EBES [1Bistr é:ildﬂclE sHova tlatfth&pladma @eﬁﬁ%ﬂa\ﬂd ion energy

(peak-to-peak) and power is applied to th

\mlnmélm moe@smgccéambgr ZQQw@nrt@sqspmrpﬂql monedifgingghe RF power and
pl asma el ectrode vol tage of

30
OXIdJ‘n%{??’L%y‘M“H ‘\’NE‘E%‘“%FF}“‘, an illustrative

adj ust abl e cou&a to ground circuit conprises
capa&iefSrng et iav Msraischowei aﬂlﬁﬂ@él‘-’@se%fngzchﬁmb&ha5(é

havi t .
e SR AL P P08 B0 A RBreeb R g o2
@réﬁitﬂvs@ dofipleli€o RPVRELSLRIELS4. OM QuAR2 fdcs ﬁﬁg hey %un@unds the

| asnma denS|ty and plasm distribution simlar to the

mwswhelgér@ﬁ abed Abplasme is formedvathingthe peoressing Gigamber 250, and
Addi nal | d etot e in dance t he
if Fonineds o Bedien kies D5a” Kﬁ%t BieupI LRI F R 20 i  syrface

R e S G TR

eldoadgally cotygled 1d Hoiridtie cqaoBom adeths geymas thel dfustd¢ 8dupling to
W|th| n the processing chanber 200 can be control | ed by
gignck Jingay peerpple nrd nefref linpjitations the varipbls capacitor 262 has a

SEUB 89S, ) oA EASaE S5 by B

rin@ tR&uFBlndsAhe ERR BYurRIRH cRcASIRLGIE nﬁiet sbcordl %R)\ﬁﬁ&&ijelectrode
el'ectrode 252 is operatively coupled to a

264 ppoyerabaly @Lqplmirmzanbﬁmu ganiabigycaabitaR660 Lmdmd greunded
A | ectrode 252, plasma is forped within the
b 2@@5 fivorhesat th gy Bockories Ao by

confinenent ri ngs 258. A first grounded el ectrode 260
has & eppratipmehe arasesynpehamber BA0, newmits phighep dognee df control of

o BRichAE F%%?z%sﬁ%%s%s'l%%&ﬁ%}%r 306 e SRar S 59 i pided
by alin 57th not % ?hﬁg @@%&Bluh&‘ Girbfts. A F’te orB¥n el rode

exanpl e an imtation, the varia capaci t or

286 2né #w secomvbgravideanutectroai @64 dhvothe chpadi®Q0 prodif their
second grognded el ectrode 264 is a grounded
respective impedance. As a result, an operator can more effectively control the "top™

of a confined plasma.

Referring to FIG. 5, there is shown yet another processing chamber 300 with
an adjustable coupling to ground circuit. The processing chamber 300 shares much
in common with processing chamber 250 of FIG. 4 such as confinement rings, a
focus ring, a powered electrode and a power supply. The difference between
processing chambers revolves around the grounded electrodes. Processing chamber
300 includes a first grounded electrode 302 operatively coupled to variable capacitor
304. A second grounded electrode 304 is a ring that surrounds the first grounded
electrode 302. A third grounded electrode 308 is disposed adjacent the powered
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ring that surrounds the first grounded el ectrode 260.
The second grounded el ectrode 264 is operatively
coupl ed to anot her variabl e capacitor 266. A third
grounded 15 el ectrode 268 is disposed beneath the
WO004059%¢us ring 256. In operation the procBsEPHg03/039994
chanber 250, permts a higher degree of control of

the ion energy than the processi ng chanber 200. The

dleguode 809.c Antariablei capitor BUS 6 elbytribullyi dd@pledao @l wsdabhwded
coupling to ground circuits. The first grounded
dpctedeode 260 and the second grounded el ectrode 264
have the capacity to nodify their 20 respective

i npedmnperatioks itais erpedtdd thainthe pembinatior afgrnnded electrodes in

effectively caontrol the " of a . confined plasnma
REReSIRE ARartleer POg permit oy @p@raf% tQ AgiFP] et 10g s@etgRON the top of a

d%ﬁﬁ@ds b 5&1?5@ e <P o%ﬁéqconﬁ%etﬁg ﬁ%l%%a?tlosgmﬁ e %l %{?}ﬁ% by

groun CI rc processin

theseadmpdinarwiskil lﬁfﬂ@@ @13$1helﬂ m@mmﬁgroaﬁ@ e@ﬁtr«b:de@O(ﬂcai%ib be
as confinenment rings, a 25 focus ring, a powered

adppisd opRssess an adpsiable enwpping to SivendlFit¢wt omostbbitwaspective
:Sx‘p iessn ng chanbers revol ves around the grounded
&¥bdes. Processi ng chanmber 300 includes a first

grou d el ectrode 302, o eratlvely coupled to variabl e
capa e@rmg @oéﬁr &*@&ﬁé 8va @m@wwnéeﬁwﬁr 330 hayimgfour

r 302,
L e .
stradeipbue tteobreV¥d A0aAIRIIE L G hBGdddda2003H AR bode 354 is a ring
el ectrode 309. A variable capacitor 310 is
that suirennsy |thg/ﬁt§bglgﬂueded eleethaler 352 dhgrsocomdegroumdedadeatbde 354
expected t e conbj on of

it PefRERE R Blerl b aoariRiB Bpdat 455 and Fas e aBpuiyednsae. The
tiRd Q&%ﬁ@écpe"leétfbd% B8R Ohndihé rhfgfth%%%{@in&gﬂéé & ;rﬁ%rgsnd%d

5 confined plasma and on the sides o con

eflctrad®3 54. t Thehthirl gheumippekeciraded Dig dpbrsieclyfconpiinat yariable
ski | | the art that the second ground el ectrode 306

CRRAGIG Whstierripgleppedancea i Burtheramded chispoingo2 is
kscgtcgl dathﬁi;e %:%{&fféfgdtelé&loﬁg %é %!1d' t(ﬁateﬁ giszggfcéougﬁegm aavariable

nce erring to
cﬂfa@ﬂeﬁ%m@ opaatat, b PrdvRyimtcaiber 350 permits the operator to

control the ion energy on the sides of a confined plasma.

Referring to FIG. 7 there is shown a‘processing chamber 400 having a dual
frequency power supply 402. By way of example and not of limitation, the dual
frequency power supply generates RF power at 27 MHz and 2MHz. A powered
electrode 404 is operatively coupled to the dual frequency power supply 402. A first
grounded electrode 406 is electrically coupled to an adjustable coupling to ground
circuit 408. The adjustable coupling to ground circuit 408 includes a variable
capacitor 410, and inductor 412, and a resistor 414. The adjustable coupling to
ground circuit 408 is configured to act as a high pass filter or a low pass filter, in
addition to permitting control of the impedance for the first grounded electrode 406,

A second grounded electrode 416 surrounds the first grounded electrode 406. The
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10 grounded el ectrodes. The first grounded el ectrode
352 is grounded and has an area snuller than the
powered el ectrode 353. The second grounded electrode
354 is aring that surrounds the first grounded
WORR4/08%d6 352. The second grounded el ect r odePEEYS20§3839994
electrically coupled to a variabl e capacitor 356 and
has a vari abl e i npedance. The third grounded

s€lond teraede@bRcirsdedd des not ingludbah adjmstablenataiptihgto ground
second grounded 15 el ectrode 354. The thlrd grounded
bt t Adkied gmended @ls@tr%dq A1y adiaerst Epewersd glecirads @04 The

RS Seffetl R BB T ATCE, 10
5 gr?gggl@% Dl e irpedaiss of i BRLEHgHS R by cseOnfigled
%51 (i}%ﬁ&%l@dﬁes:te% @faéa%gﬁ?ﬁﬁo‘?.r éﬁs‘ﬁall%@%ﬁnﬁf@ma@bﬁo 8Bse of

I ne [lasma. ™ 20 Reférring

okﬁmﬁ’&@cﬂlﬁntth@ﬁﬁ tha$ tishiadticter ahateds mgardbdmhdnctéf)ébnﬁgured to
having a dual frequency power supply 402. By

way
gencantsizevaainty ofctifforent inginetarges whiehhare gongrolled \@q@é ﬂm} operator
power supply generates RF power at 27 MHz and 2MHz. A
poweFedhermioes; theiepedadce of tbqaﬁrsagiomedgd clochpddedt t0ccanthe

dual freguency power supply ounded

cem&lie.déa/ ho adjuptable| conphng ] gr9ur@oﬂ1cﬂ ‘ e aaﬁr%?%@f abPe
19&% 419 Eu? rébis 42%&dl{u?&é![lggtﬁg%(Ciﬁuggﬁleaéguégfggmbground circuit

O grouna circul €S a

408@&@ bé ﬁ§ed4@> @ilteR BGE élﬂl@ﬂﬂiemlwﬂliRF o of €ifd B Mz RE power of
The adj ustable couplin ground circuit 408 is

thmdﬁalgmqwcwoaf@rswwg@ﬂ gh pass filter or a | ow pass
filter, in addition to permtting control of the
[ rrpeRafmeng wFICh& théreds sigvoumflewckdrect a wmodoﬁo focontrolling
second grounded el ectrode, 416 surrounds t% ra

PSB\IiE @ PretesHng sanbydy uping the V@I%@X?ts@é prribed above. The

T I R

deBdif clwn%e@@@des@alb@i@hécpdﬂleﬂdp%ratﬁw Acebls HOsRRIRS Bdhe
ID'gtl)ectlr%lde 404, The third groundeaefglrectrode |I§@

tmeanﬁtaskdwmg/p@ﬁnmwd Byowayhefexempleiasl ngtof éﬁp@?aapn,oﬁ@r an
35 PSSR BL o e S I B PR ot
SGRGTE Ly TR (e SPeARR BRI R ol M bat S Eanta tpv e
thetoal. vaddigibhaly, deuerheunt of RFi pywee that & being applied is also provided.
Further still, the time needed to perform the illustrative etching operation is also
provided. Alternatively the systems described above can also be adapted to work
with plasma-assisted chemical vapor deposition. The method then proceeds to

process step 454 in which the illustrative control parameters identified in process

block 152 reach steady state and the desired set-points are reached.

The method then proceeds to process block 456 in which RF power is
communicated to a powered electrode. For illustrative purposes the systems above

referred to a single powered electrode, however, it shall be appreciated by those
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generate a variety of different inductances which are
controlled by the tool operator. Furthernore, the
i npedance of the first grounded el ectrode 410 can be
control | ed by the adjustable coupling to ground
WPRB{08978 vari abl e capacitor 410, 10 i nduct oRCYS2004{4po94
resistor 414. Additionally, the adjustable coupling to
ground circuit 408 can be used to filter out either
sl%ihé’d ittt Revingwes b@’lfeﬁt oéthds dils?loﬁe foivire sybtentsiaad dneshods
requency power supp 402. Referri to FIG, 8 there
dessribpdinihis Dafephermpe amrrheé tﬁéf%@%f%@ﬁﬁ&)@%hﬁ%%@ piuggiity of

processi ng chanber by using the various
pg‘%rtegaﬁlsecﬁg%érl bed above. The 15 method is initiated
For bt BoRes M kS rghe hibe e RBL e BRE Bl s tn
g&%@& ' BQ?%IT@E?SHE[ i3 d@ﬁ&at%ﬂ eei:élécis?oﬂ e r?g asttM %eﬁfer fiRsbn

el ng per exanple a

chdrg¥ hid plagma ﬁé&im@mhoﬁﬂﬁelm@hﬁem CElsis dbhmohypmadé afgdesason
are selected and the gas flow rates for each of t

d@amd 469. bithe deteratnativn é%t%m@lﬁ’ﬁhﬁ an ensrer ekibg F@ngféﬁd
he p cul ask i
tﬁ% &t &1:1?(51 Br°§ﬁ% ers_a:brﬁ)%k W%(?Z {Zjﬁg}ie tﬁg a%]ustable
cé\gﬂ Ho@Skch® isAh 8@ fRAOYF ﬁk@ (ﬂ)lasnﬁltfehﬁtsf is fiist be chdifgel i8R the
need d to performthe illustrative etching operation
niesheal roceeps tvprdeess bidakett3asnd/de pOWhmssy@dl%nd tleanitol Bed
above can al so be a ag%{c;%pt 0, wor k

plysmada0aysiheadivs gﬁ%?ﬂl&%%@% i fon gnesenby Fogiying
o FReRARE D G BOREAS, ShEBIERS e ka0
péwebhpply. 152 reach st eady state and the desired
set-points are reached. The nethod then proceeds to

Pr OCH3Re @ét%lﬁnétﬁﬁl At BRI i ARRORPARY isitBat tROPTOpBITRE bEthe
to a powered electrode. For illustrative purposes the

physhansacbptdkle, thefresthedithen pmcseds@ognwmbh@kébém woith,a
sopoRETsovee %?ﬁ%%&m?ﬁ B Clsierasaidted B Hpse g Omipery skillin
th*@aag{ &tu;g;@ %%geeﬁe df ] g&&n&gﬂe BEBS Y ﬁsttaﬂl%tc p% HtR

pat e At can
clruiPfnag B8 Ebﬂ@gtﬁb@%ﬂfas tmauun@uae pofiraddi Iﬂysn@ef hasrlh&t\/desmféd ion
el ectrodes. At process block 458 of the illustrative

eneghond plaswadensid pl asma is then

Although the description above contains many different embodiments, these
should not be construed as limiting the scope of the invention but as merely
providing illustrations of some of the presently preferred embodiments of this
invention. Thus, the scope of the invention should be determined by the appended

claims and their legal equivalents rather than by the illustrative examples given.
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5 generated. Once the plasma is generated, a decision
is made as to whether the ion energy and plasm
density shoul d be nodified. This decision is nade at
deci sion dianond 460. If the determ nation is to
nodi fy the ion energy of the confined plasma, then
the nmet hod proceeds to process bl ock 462 where the
adjustable coupling circuit is nodified. If the

pl asma density is nust be changed then the 10 net hod
proceeds to process block 463, and the power is
nnqhé%ed to control the plasnma density. The

(gd} abl e coupling circuit controls the ion energy by
nodi fying the inpedance of grounded el ectrodes. The

pl asma density is controlled by the power supply.. |
1t he deplesma rpmdesmn&tlhad@@rs“yp@ﬁg‘aﬂhfﬁ)&@emaipiasgﬁagalfl rli’Lasma
properties . of the. .15 plasnma are acceptable, the

PFRSCHIRE SRBIPChPURREYEE t 0 process bl ock 464 in which a

substrat & oWerdtBtbg kldciodd @oggsed. It shall be
apprtgéil%afpgd eny tﬁose of grd?nary skill in, the art

havi mgohimveestkbottonn tlectipds @08) bad prasmerbging graerated between
adj ustabl e couplin o,ground. circuj
saermmngurised Botam el rRb SRy abtbENLsA Y elffipdouhon a RF
i i Banbeasma density. 20
p&%ﬁ%&gﬂﬁgﬁéggggé{r?{bg%aieﬁgﬁéeg%ig%g contai ns nmany different

enbodinnEjustbletdoepking wgveund aistit (4 elestricaibcoapled to said non-
limting the scope aof the inyention but. .
peMSTRddPMEleFe sw‘g%‘ﬁaﬂ%bq‘éﬁo@:@ﬂﬁ 'ioogr 0?1?1&;0%0;%23(: e n{l% 4d to modify
§ bt b&irode WHRAKAIGRF Jdwis: is afistied; and
S RO B0y Aoy e o
ap pe nghecbndaidpistablearotipligtorgrowngairceit (A0 h¢lesirigal lyponpled to said
than by the illustrative exanples gjven. .11 CLAl
nangrosshe paisue sLEiaTe MRSER SECMerYT MG SRt ground
' i i i h-oWERId Bt eledtrod
S8 e LS By ot s
WheRGhldoRIE p6Re8is appléédd pl asma bei ng generat ed between

sai d non-powered bottom el ectrode and sai d non- power ed
top el ectrode when a RF power is supplied to said

fl as nﬁleplglg&ﬁg‘ ﬂ&gss(fﬁ?gpa‘?ﬁlier of claim 1 further comprising at least one

confinement ring configured to confine said plasma.

3. The plasma processing chamber of claim 1 wherein said adjustable coupling to

ground circuit comprises at least one capacitor.

4. The plasma processing chamber of claim 3 wherein said at least one capacitor

comprises a variable capacitor.

5. The plasma processing chamber of claim 1 wherein said adjustable coupling to

ground circuit comprises at least one inductor.
12 °



an adj ustable coupling to ground circuit (304)
electrically coupled to said non- powered top

el ectrode, said adjustable coupling to ground circuit
configured to nodify an inpedance of said non-powered
top el ectrode when said RF power is applied; and a
second adj ustable coupling to ground circuit (310)

el ectrically coupled to said non-powered bottom

el ectrode, wherein said second adjustable coupling to
ground circuit being configured to nodify an

i ppedance of sai d nonspower t + oS Huct
65 EB%I P%“’ﬁo%?esﬁ@gacﬁmbg{j%fgﬂ?ﬁwﬁﬁlﬁgﬁg rag ggagss ’ng Heror
c R vafiaGlk ddwictorf urther conprising at |east one

cohfinenment ring configured to confine said plasm. 3.

The pl asna processing chanber of claim1 wherein said

adj ust abl e coupling to .ground ci Li ' Lipline t
71 ehoy g RESEAHErTore rimodt @ ilnct Lfistkh SORRISAER Shpline o

| ek So ghcadiofe atdub@aghd OMecapagifei t or
g(f:l{)urxrlgfﬁgﬁ aM@g{ei gblee capacitor. 5. The plasna

processi ng chanber of claim1 wherein said adjustable
coupling to round circuit coppri I o)
b b B -SohuSATSELAGEE o By oG plama

LI PN EESnSdifk:at | east one inductor conprises
pg&géﬁ‘gg% e ienduc orlfijg 7. The plasma_ processi ng_ chamer

of clagiometediuttori clecteidd (30f) wonfigired toogpriyhiy walsT o punsfite:
circuit conprises at |east.,one inductor and one
capa@nogrPOWETECA0R Ie%%(?%ébakss i ng chanber confi gured

to g%ﬂ%ﬁﬁo RePbAIR clesRbdt BLEE REJ pisafchig@neRtsdietween
conprising: a powered bottom el ectrode (309

saidnfongpovetded bottare electrode wat said opn-pawsted do ,e?ecfaode when a RF
non- powered top, el ectyode (302):.a non-powered bottom
pevst israpakied 9payd p(g’gqrgc{ g‘l’%érﬁleﬁ%?q'?g gener at ed bet ween
sai d 1 B g RmlrRdait SRicicalyc ®kaid
top gf@@}@ﬁ@%gﬁﬂgﬁﬁg&%p %pomer islggﬂ?ied tongai L
roavRwRecdrpbtcdettedecthard, said fifst gdjuat@,gl@goaplm toogreIRGh gircuit

bte?nggcrogfl{ggreg !torrggcliitfy agn?’i(r)n4 edaerllc% %% Said rallcl)rll- owere {o%deletc%oag{vﬂen said

RF power is applied; and

a second adjustable coupling to ground circuit (310) electrically coupled to said
non-powered bottom electrode, wherein said second adj ustable coupling to ground
circuit being configured to modify an impedance of said non-powered bottom electrode

when said RF power is applied.

9. The plasma processing chamber of claim 8 wherein said non-powered top
electrode has a first area that is greater than a second area of said powered bottom

electrode.

10.  The plasma processing chamber of claim 8 wherein said impedance of said non-
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non- powered top el ectrode, wherein said first

adj ustabl e coupling to ground circuit being
configured to nodify an i npedance of said non-powered
top el ectrode when said RF power is applied; and a
second adj ustable coupling to ground circuit (310)
electrically coupled to said non-powered bottom

el ectrode, wherein said second adjustable coupling to
ground circuit being configured to nodify an

i npedance of said non- pomered bottom el ectrode when

i d_RF T |
p&%ﬁ@,@p %gdt\/\%rdgl %Pegﬂ% %é’frhsaé% Iug er?glrll@e;%@v\%ge @&Pﬁcﬁi’é?gd bottom

dg&gﬁﬁyode has a first area that is greater than a
second area of said powered bottom electrode. 10. The
pI asma processi ng chanber of claim8 wherein said

f
1 H, ff gﬁ n](;:,ltgsxgg B%%gsgmg c?lﬁrﬁxéaré)ﬁ gf)\&grl 6% e SLERLE adE of shid non-

of “sali non- power ed

pé\?éxre? Bp SLGIE WG eatdrlthad B Surbdca area afsaid @SWBRQ botiemietectrode.

alm 10 wherein a surface area of said non-
powered top electrode is greater than a surface area

lg; oi %ggp ov\g {qgf%ﬁgs?ngé:gategéle ?r{:lrgl%}ﬁ g/lhgl]elﬁl sglgilr}gst%d {3Ble coupling
tq gﬁo’tﬁ?& ablf & sb@gt ledsP oK @d;bﬁ@it&' rcuit conpri ses at

one cap citor. 13. The plasma processi ng chanber
of claim 12 wherein said at |east one capaC|tor

co ri ses a vari abl e capac r. The
Br gg d I@g p}@@m@éaqplg@qmgﬁh ST ﬁ[’f cgalwaér\gﬁl%elg g%ﬂg?sst pone capacitor
cPrngH%ts%bJaﬁaﬁ léB ddgy. to ground circuit corrprl ses at

one |n or. 15. The pl asna processi ng chanber
of claim 14 mhereln said at | east one inductor

1;? gg rél{cb; E%g@é%gq%gﬂh grcci;f]%% r%%G e 24 tégr ?%}us%able coupling
to gllé) g%lﬁ}g  de 00 1eh R ofE HEEkoE! rCU' t conpri ses at

or and one capacitor. 14

15.  The plasma processing chamber of claim 14 wherein said at least one inductor

comprises a variable inductor.

16.  The plasma processing chamber of claim 8 wherein said first adjustable coupling

to ground circuit comprises at least one inductor and one capacitor.
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