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Sem conductor wafer ("wafer?') fabrication often
i ncl udes exposing a wafer to a plasma to allow the
reactive constituents of the plasma to nodify the
surface of the wafer, e.g., renove material from
unprotected areas of the wafer surface. The wafer
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i ncluding the plasma density profile across the wafer
surface. It should be appbPedivgntogst hat differences in
pl asma density profile during processing of different
waf er s wWRéjindes PHindsanFelixf KerakevichabemirsLii, Daye Trussell
characteristics. Thus, a drift in process results

bet ween different wafer Bgerdiogrmwsed by variations
in the plasma density pFEﬂT—__7EETTionaIIy, because
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chageqtengsice resultfaoprishemrlemiaetabiodion progedseare idaberdeat e process
i nclude optimzing a die yield per wafer and
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‘processi ng techni ques have attenpted to control wafer

diffeRdd Q4R can"b @ Baikd3 UyeCdiafBREY &S 1Y plasma density profile. Additionally,

because an amount of reaction between the plasma and a particular portion of the wafer
surface is directly proportional to the plasma density over the particular portion of the
wafer surface, variations in the plasma density profile can result in center-to-edge wafer
uniformity problems. Such center-to-edge wafer uniformity problems can adversely effect a

die yield per wafer.

[0002] Some objectives in wafer fabrication include optimizing a die yield per wafer and
fabricating each wafer of a common type in as identical a manner as possible. To meet
these objectives, it is desirable to control the uniformity of features across an individual
wafer and among various wafers of a common type. Previous plasma processing
techniques have attempted to control wafer uniformity in an indirect manner by
compensating for an uncontrolled plasma density profile overlying the wafer surface. Such

compensation has been provided through control of various process parameters, such as



conpensating for an uncontrolled plasma density

profile overlying the wafer surface. Such conpensation
wha®7loessm provi ded t hrough control of vari ous PCDUSRS6/046780

par anmeters, such asreactant2 gas fl ow and waf er

tenperature, that influence reactions between the

pl asma and the wafer, but do not directly control the

pl asma density profile overlying the wafer surface. A

solution is needed to enable nore direct control of
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such™that wafer uniformty can be controlled in a nore
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sSna processi ng system sem conduct™o
rocessi.ng i s disclosed...The systemincl,u a .
corfied o SUREh Y REY Ch ST JBP B h BRIl h ijasma densty profit
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defined to transmt RF power to a plasma to be

magBeler ated within a volune. A nunber of RF power
transm ssion paths extend fromthe RF power source

t hrough the matchi ng net W%r;ﬁigtﬂgaugh the transmt

el ectrode, through the pl nunber of return
el ectrodes. The system al so i ncludes a nunber of |
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nunber of RF power transm ssion paths. Each of the

provesding ioflistlosedigllel systom snéludesed radiafrequendy BF) ewer source and a
anount of RF power to be transmtted through the RF

maAIEHRg ntrwTk tbasscted fpathh RE power soluresh A transmib elegtrode is connected to
el enent is disposed. A plasna density within a
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directly proportional to the anmount of RF power
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transm ssion path during operation of the plasm
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scl ose controlling a plasma density
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respectively disposed within the number of RF power transmission paths. Each of the
number of tuning elements is defined to adjust an amount of RF power to be transmitted
through the RF power transmission path within which the tuning element is disposed. A
plasma density within a vicinity of a particular RF power transmission path is directly
proportional to the amount of RF power transmitted through the particular RF power

transmission path during operation of the plasma processing system.

[0004] In another embodiment, a method is disclosed for controlling a plasma density
profile relative to a substrate. The method includes applying RF power to a reactant gas to
generate a plasma over a top surface of a substrate. The method also includes controlling
an amount of RF power transmitted through each of a number of RF power transmission

paths. The RF power transmission paths are spatially dispersed throughout the plasma



generate a plasma over a top surface of a substrate.
The nmethod al so includes controlling an anobunt of RF
w@owen7gsransni tted t hrough each of a nunber of PRFURIIOE046780

transm ssion paths. The RF ower transm ssion paths

are spatially dispersed throughout the plasmarel ative

to the top surface of the substrate. Controlling the
anmount of RF power transmtted through a particular RF
power transm ssion path causes a plasnma density within

[ Sipl Jsfried PRAREhe LhSRSIGIFE itted
fe‘aﬁé%’h&%h% by S‘%ff%%g’?t‘?%ﬁdgsﬁﬁi%g‘n’?‘f8| g fhe [0005] In Pélwer transmitte

anot her ..e Lment L A% AN 358 a vicini
teofR S SSTRF FoVr gl URHEN B pAR8 § BlashAicRefy 3% o vicinity
The stem.includes a. pl as f.0Cessi it hin
of tpraH O BBV Sennisao o Bbuion eafbrsEbLth,
generate a plasma over a top surface of a substrate.
[0003|EmSHDiRNeAHbDRinh e, dl6\@ e forRfonpotiig Splase dbasity profile relative to
generating the RF power. A matching network is also

a syYsB¥lcI8diE QbsedP el sPdedNint RIAEH a8 piodessiiy Etiniter tvithin which
e supplied to the plasma processing chanmber. Wthin

RF é)%%e%é? %oe gL a?%fg%eﬁ &t RO eeh &3P REMABWRARNSD surface of a

ten rom power saource “through the matching
net wor k, through a transmit_electro .
S“bf)‘ir%fgnih? BYSESIHL??&?ePCLl*d%? é uﬂr‘}r?} pereet ?%ggsf; P%%%Q%m une RE power. A
RF. power transpmitted. al.o a rticular RFE
matchif AT REFE R BRPHPTAVIHEL ) T HER BB ur e dsreb B T RE pgwer to be

Wthin a vicinity of the particul aréﬁF ower

suppliggh daithe ipdasmapiecessing ehasmbsn Mithipdhe SWetFTgagumber of RF power
nunber of RF power tuning elements respectively )
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a conputing systemdefined to receive plasma density
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The con‘gutl ng systemis further defined to generate
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adjust the plasma density wthin t
wit\ﬂir? Itﬂé tr1¥1m%fer of RF power transmission paths. Each RF power tuning clement is

capable of adjusting an amount of RF power transmitted aloné the RF power transmission
path within which the tuning element is disposed. Additionally, the system includes a
computing system defined to receive plasma density profile monitoring signals from the
plasma chamber. The computing system is further defined to generate and transmit control
signals to the RF power tuning elements to-adjust the plasma density within the vicinity of
each RF power transmission path. The computing system controls the RF power tuning
elements such that a plasma density profile over the top surface of the substrate is

maintained in accordance with a target plasma density profile.



each RF power transm ssion path. The conputing system
controls the RF power tuning elenents such that a
w@b@gnesdensity profile over the top surface OPCT/H82006/046780
substrate is maintained in4accordance with a target
pl asma density profile.[0006] O her aspects and
advant ages of the invention will becone nore apparent
fromthe follow ng detail ed description, taken in
conjunction with the acconpanyi ng draw ngs,
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Figure 2B is an illustration showing the RF power transmission paths being
controlled to provide a radially decreasing plasma density profile, in accordance with one
exemplary embodiment of the present invention;

Figure 3 is an illustration showing a system for controlling a plasma density profile
relative to a substrate, in accordance with one embodiment of the present invention;

Figure 4 is an illustration showing the results of the example plasma process as a
function of the adjustable capacitive element C1 setting; and

Figure 5 is an illustration showing a flowchart of a method for controlling a plasma

density profile relative to a substrate, in accordance with one embodiment of the present

invention.



density profile relative to a substrate, in accordance
W th one enbodi nent of the present

WO pooetssen. DETAI LEDDESCRI PTI ON [ 0007] I n the fepeCT/082006/046780
descri ption, numerous speci¥ic details are set forth
in order to provide a thorough understandi ng of the
present invention. It wll be apparent, however, to
one skilled in the art that the present invention my
be practiced without sone or all of these specific
details. In other instances, well known process
operations have not DEEAILERDESCRIEHONt ai | in or der
not to unnecessarily obscure the present invention.
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103 and an upper el ectrode 105. During operation,
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source 117 and transmitted through a natcﬁlng net wor k
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I't should be appreC|ated that the matching

mJéﬁﬁéM’ ri‘helgy@te %Iﬂﬁ ﬁc{i& s oS ;ﬁ)gc?: eSihE %'E_l&hﬁ‘ér "chamber") 101 within

|npedance mat ¢

erI n]tted from he source
el fUY ek gt R BT cal s@ves%f%ﬁﬁ% It should be
ansn1tted t h, t he chanber 101 .volune to
@fa P i % B3 051 04GR TeSeTs USRS EIE AP G gther type of
extenslons 197 | ocat ed outside a er| hery of the
Submwﬁh@cwh@éélqwmf[ 9‘9@1@}“5[&5? thge F@% i 131, chamber 101 includes a

reactant gas is supplied to the chanber 101 volune in
lower electrode 103 and an upper electrode 105. During operation, radiofrequency (RF)

power is generated by an RF power source 117 and transmitted through a matching
network 115 to the lower electrode 103, via connections 118 and 127. It should be
appreciated that the matching network 115 is defined to provide appropriate impedance
matching to ensure that the RF power is properly transmitted from the source 117 to a load.
The RF power received at the lower electrode 103 is transmitted through the chamber 101
volume to the upper electrode 105, which is grounded, and to ground extensions 107

located outside a periphery of the lower electrode 103.

[0009] During operation, a reactant gas is supplied to the chamber 101 volume in a
controlled manner. The RF power transmitted from the lower electrode 103 through the

chamber 101 volume, i.e., through the reactant gas, to the upper electrode 105 and ground



controll ed manner. The RF power transmtted fromthe
| oner el ectrode 103 through the chanber 101 vol une,
w0 2@7/0785m ough the reactant gas, to the upper BCBUS2006@16780
105 and groundextensions 107 serves to transformthe
reactant gas into the plasma 109. A density of the
plasma 109 at a particular |ocation within chanber 101
is directly proportional to an anmount of RF power
being transmtted through the particular |ocation
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thecerimbee At vicernpssal 14 s¢tiof wgnbnement wrest bl leptgppesitioned within the
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chaobdri FEn@ensurroungsa vblume cvedyimgcthe onbstoate l@4 dretwoeny the lower and
fromthe volune overlying the substrate 104. [00101 It

uppdraaidadrodes 2031068, The doifiiimédni eings d4 seprecioasmifing the plasma 109 to
chanmber 101 and system 100 i ncl udes many ot her
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concerned wth controlling a spatial variation of the
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chanmber, 101. Through control. of .fhe spatial variation
awgy LS Ve RS Rﬁgyﬁg%gfeﬁ?%\%r%tﬁilga't he chanber 101, a
spatial variation of an anmount of reaction between the
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More specifically, by controlling the plasma 109
indl8AS! t¥n} Qthe FRGIreaSRd StRporRnRAtHak Gl dlot aledritd héiein to avoid

substrate 104, the anount of reaction between the
unﬂé&ééﬁl} O@os‘%ﬂlqné hehe present invention. The present invention is primarily
concermed with controlling a spatial variation of the plasma 109 density within the chamber
101 by controlling RF power transmission paths through the chamber 101. Through control
of the spatial variation of the plasma 109 density within the chamber 101, a spatial
variation of an amount of reaction between the plasma 109 and the substrate 104 can be
controlled. More specifically, by controlling the plasma 109 density to be increased over a
particular area of the substrate 104, the amount of reaction between the plasma 109 and the
particular area of the substrate 104 will be increased, vice-versa. Furthermore, because the

uniformity of features defined across the substrate 104, i.e., the uniformity of plasma

processing results across the substrate 104, is dependent upon the amount of plasma-to-



particul ar area of the substrate 104 will be

i ncreased, vice-versa. Furthernore, because the
waniof7orssrzty of features defined across the subBCT/EHSE®06/046780

104, i.e., the uniformty of plasma processing results

across the substrate 104, is dependent upon the anount

of plasnma-tosubstrate reaction as a function of

| ocation on the substrate 104 surface, the uniformty

of features defined across the substrate 104 can be
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| A, the plasma processing system 100 incl udes the
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substrate 104 is supporte n the | ower el ectrode, 103

sysiern LA RS s PABUBY Lehana BOVeITScHG G R PaLEr Slecirode 105, the
process. [0012] In the enbodi ment, of Figure IB, the RF .

groprrheaxtensions el 073 7ands thee spriingment Byes Al be FopFasn0f Wpstration, the
power sources 117A-117C, that are defined to generate

subRFatp oM isaotashiomeq ine Fignre f1 B Honvever2 WithHespesh do Higpre 1B and the
respectively. It should be appreciated that in other

renrpiving idessipsiont previded fevein, foshoakl bd inderstobd thaf theeubstoate 104 is
generate RF power at either a different nunber of

suppbREY ACthE JoREr Blecbdd 0B SkpBieNs Yhe plasea 10%adunidifithe plasma
are presented in the exenplary enbodi nent of Figure

prol:gés. Al so, it should be appreciated that

[0012] In the embodiment of Figure 1B, the RF power source 117 is represented by three
separate RF power sources 117A-117C, that are defined to generate RF power at a
frequency of 60 MHz, 27 MHz, and 2MHz, respectively. It should be appreciated that in
other embodiments, the RF power source 117 can be defined to generate RF power at
either a different number of frequencies or at different frequency values than what are
presented in the exemplary embodiment of Figure 1B. Also, it should be appreciated that
during operation, the various RF power sources 117A-117C can be operated in any
combination, depending on what is necessary to satisfy process requirements. Additionally,
either of the RF power sources 117A-117C can be turned off during a particular plasma

process.



during operation, the various RF power sources
117A-117C can be operated in any conbi nati on,

walependisny on what i s necessary to satisfy proP€BES2006/046780
requi renents. Additionally,8either of the RF power
sources 117A-117C can be turned off during a
particul ar plasnma process.[0013] The RF power
generated by the RF power sources 117A-117C is
transmtted through the matching network 115 to the
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capacitive elenent C2. The RF transm ssion path

the IXF grostien gofurcenh 1i7ihe toRthepennmectsyu 1 22 alsp7igciudes he adjustable capacitive
connection 127 al so includes an adjustabl e capacitive
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extending fromthe matchi ng network 115 to the | ower

corfle€idr 0d? aldd3inciudes anaddpingalilé @ apaitivec tletienfl22, The RF transmission
i ncl udes adj ustabl e i nductive elements L2 and L3.
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ad@%tg %ﬁa&ﬁbg PIEA N @3""9’[&81&?]15&1 Bri tHeBF | PRI Rl RCH iR dRtending from

a groun potentlal 4] The RF power

thearrnra'tc\fu Sgg f%gv rE 1]7%0 }%; rtlgere ll(?v%lr &Q@u&%@ 16§ oﬂée.t :ag)v\glzthgowﬁmection 127,

SOUTCG ansnitted from’t

: trode, 103 through th t
oo G TSP AER  gc1
csibe sBper el ode 100 of: e AL, TSNS 0T i

el ectrode and t he grounded conponents I..e., upper

netavask L 5 de thedswanelegirestmtP3endengiosnd petsntialy o

[0014] The RF power arriving at the lower electrode 103 from the RF power sources
117A-117C is transmitted from the lower electrode 103 through the chamber volume to
one or more grounded components within the chamber, such as the upper electrode 105 or
the ground extensions 107. Thus, the lower electrode 103 is defined as a transmit electrode
and the grounded components, i.e., upper electrode 105 and ground extensions 107, are
defined as return electrodes. As the RF power is transmitted through the reactant gas, the
plasma 109 is generated. The plasma 109 is capacitively coupled to the lower electrode
103, the upper electrode 105, and the ground extensions, as illustrated by capacitances
113A-113C, respectively. In operation, a ground circuit is defined from the chamber 101

walls to a reference ground potential. In one embodiment, an adjustable inductance L1 is



defined as return el ectrodes. As the RF power is
transmtted through the reactant gas, the plasma 109

w0 g00gerssrat ed. The plasma 109 is capacitivel y POUPE®d6/046780
to the |l ower el ectrode 103,9t he upper el ectrode 105,
and the ground extensions, as illustrated by
capaci tances 113A-113C, respectively, hi operation, a
ground circuit is defined fromthe chanber 101 walls
to a reference ground potential. In one enbodi nent, an
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cleliobis o Kb by CoH SRR ATaNe sheRFae gements CT, €5 €3, ca, €5,
correspondi ng i nductive or capacitive effect within .
Cot we dutingdnly onPODYET Which PEoGae rracowespopdiagigdneliye or capacitive
adj ust abl e i nductive elenents LI, L2, L3, and the
effecirwithus thelRbslomdie capacitive elements O, C2, C3, 4,
C5, C6 can be set to control a transmni ssion path of
F. power through th 101 internal . velu
(03 oo el P B FRTRGLe BBelY S 115 13, and the
and the various adjustabl e capacitive. e ts , C2,
vagls djfstigle’ ezttt el ettt bontan bl control a
el ements. Durin peration, each_tuning elenent can be )
trapggpissign path PhteoRE Pover Hirapgh the hpmier gBmtema{ volume. The various

transmtted through the RF power transm ssion path
adintahlerinhpteve elementinkhilbITehsad the vaTiewnadiustable capacitive elements

Therefore, because the |local plasma density is ) )
CldiCi2e €13, 4o IGp 56 awsrralllectiveln eefemethio tupingeelementsgDuring operation,

transmtted, the various tuning elenents can be used

eadlp turdng Eldmd¢re canpbasoatrokets id gopuralf ah emeinatdf\VRF tpowtel dransmitted
substrate. Mre specifically, the various tuning

thieL SRR RICPBWRE thiS6Missidn! AR Wivhih NGhieBSthe Auni@CEleMERt is disposed.
the plasnma density overlying the substrate at various
Therefore, because the local plasma density is directly proportional to the local RF power
being transmitted, the various tuning elements can be used to manipulate a plasma density
profile relative to the substrate. More specifically, the various tuning elements can be used
to locally increase or decrease the plasma density overlying the substrate at various
locations along a direction extending from the center of the substrate to the edge of the
substrate. Such manipulation of the plasma density profile also influences a shape of the
plasma overlying the substrate. Furthermore, such manipulation of the plasma density
profile directly effects the amount of plasma-to-substrate reaction at various radial

locations extending from the center of the substrate to the edge of the substrate, and hence

effects the resulting uniformity of the substrate.



| ocations along a direction extending fromthe center

of the substrate to the edge of the substrate. Such
woreow7pwesat i on of the plasma density profil e al BOI/US2006/046780

i nfluences a shape of the pbasma overlying the

substrate. Furthernore, such manipul ation of the

pl asma density profile directly effects the anmount of

pl asma-t o-substrate reaction at various radi al

| ocations extending fromthe center of the substrate

[00t1@] F@r@dﬂ@ iQfaII hﬁus?i‘%hr ﬁIo%vin%‘rtﬁe rl@pcﬁ‘ov@frf f&hsnis8en 2pAaths being

resulting uniformty of the substrate.[0016] Figure
oy SRR o T 3 a8 VR Bicll RRUE pldFABSHE &8bffAnce with one
ex e PSSR nf SRl B bR RS frrigue 24,
oA R 5 B e B 0

el ectrode 103 étransnit el ectrode) to the ground .
eleetyoda) $¢ drrserpond extangions d 08 drehwd eloctades) @ge couroliad todransmit more
transmt nore RF power than what is transmitted al ong
RFopiweer Rant whatsisi transmitied tddeng then RIhdrappwissioopaths extending from
el ectrode 103 to the upper el ectrode 105. Therefore,
lowdreeletiesd=nd08 foFthrowepert ekosadd t166. dheredorehgh&Fn@eansed RF power
transm ssion paths (RPl) cause the plasnma density
trafMfitlell | lon@NWct RAApEwar BRhsmAiisioy Pdthé MRPIIPVEIuse the plasma density
el ectrode 103, to be greater than the plasma density

ov&’(oﬁﬁé Yhd Govritd 4 ?&ﬁflﬁrﬁ beteabwer cledtrddiel 030 ¥ be et€drtRéfthe plasma
103. Y,

Consequent there will be nore

derg%ﬁg@g{ygig gchf t6PAA hEAThIePDfdhe RAV&' IEQEARN 3QfC(H§€quenﬂy, there

atrve to inner regions of the substrate.

wib %Aieﬁ)g%sgﬁggéguﬁsﬁa?e{] Jheisa tl ol’rlxsétro%'iéroétggig)F? é% B%oé%rgtg%i:é égla%ilve to inner

S on pa el ng con

r.adi ecreasing plasma density profile, in
re%%%g%égbwaf% one exenpl ary enbodi ment of the

present invention. |h the exanple enbodi nent of Figure

- [0@8 ﬁi?ﬂeREBp&V\ﬁﬁ HIRLARSTBS Shéwingaines RERP3YVeL tiaasfisdn paths being
fromihe lower electrode 103 (transmt electrode) to

coh@@ﬂé@fbﬁﬁm@i&cé{ f&ﬂﬁl}@&r&fsﬁ;g%lﬁsrﬁﬁ AehdiQARbARY, €n accordance with one

controlled to transmt nore

exemplary embodiment of the present invention. In the example embodiment of Figure 2B,
the RF power transmission paths (RP2) extending from the lower electrode 103 (transmit
electrode) to the upper electrode 105 (return electrode) are controlled to transmit more RF
power than what is transmitted along other RF transmission paths extending from lower
electrode 103 to the ground extensions 107. Therefore, the increased RF power transmitted
along the RF power transmission paths (RP2) cause the plasma density overlying and
toward the center of the lower electrode 103, to be greater than the plasma density
overlying and toward the periphery of the lower electrode 103. Consequently, there will be

more plasma-to-substrate reaction at inner regions of the substrate relative to outer regions

of the substrate.



power than what is transmtted al ong other RF
transm ssion paths extending fromlower el ectrode 103
W e00v/0e8502 ound ext ensions 107. Therefore, the PCDUEASEMH6780
RF power transmitted al onglthe RF power transm ssion
pat hs (RP2) cause the plasma density overlying and
toward the center of the | ower electrode 103, to be
greater than the plasm density overlying and toward
the periphery of the | ower electrode 103.
[00£8)"E SAUER! beY unddbsioBd What! the Q%ﬁ?()%ep ﬁgfﬁisgﬁh tcf:ﬁ&&{ 8epicted in

reaction at 1 nner regions o he s trate relative

. r j 0] I

T 2A D WprPhen SRS Ot S2Hh ok UM Serdfly prpfite can be
depj ct.ed in.Figures 2A and 2B.represent si i fied .

mar e feerain ) e in B RS eo i PePRLAS pibreciated that the
mani pul ated_t hrough the present |invention.

tuning, elReeRs withm the, yamions, BFa fpnssaisuen Paflifarast affordesibygthe present

. elements within the various RF transm ssion paths, as

Invertians feg by conolledde ipanipyletn ity plasas densitynpiodile aglative to the
to mani pulate the plasm density profile relative to

substiate ¢y bssentally any eseiveblgthgnngnylTacenhoace/exkibilite mitr respect to how
To enhance flexibility with respect to how the plasnma

the ghdassiat denpity brdfide can bb enardipulptet athe aribteretianhi edersrades arepositioned
el ectrodes are positioned with respect to the transnit

witkl egiacode thbotinsiie eldelrode abohbitiie Wolhghe tWichin| WEish the plasma is
generated such that various RF power transm ssion

genBA b sihethaPadricts| HF PoSiel tHREsIbE alsVARe ts??]tgaﬁﬁr distributed relative

transmt electrode, and hence relative to

to t?igb&&fsﬁ{l? cRERP&, L1 Héﬁc‘e%lﬁtﬁ@Q§ i E&&&é %qggorti%pﬂr?]the transmit

described 1n'nore detail below with respe
aeg%g%re 3, the plasma processing system 100 of Fi gures
A-Z2B can further include a control systemdefined to
control the various tuning elenents, thus enabling
[00E 9 As alesaibeRRn powerdetai hbelnivswith medplctoiodiighdec3, sha plagidayprocessing
di stributed RF power transm ssion paths. In one

systib 000 ERigure$ @ ARPB paneurthérainsRids 3 cvhtpdkRgemaleed to control the
controll ed such that a target plasma density profile
varichsG@hAlY bRARMLs, thus enabling control of RF power transmission through the
spatially distributed RF power transmission paths. In one embodiment, the RF power
transmission paths can be controlled such that a target plasma density profile is established
relative to the transmit electrode. Additionally, one or more control signals indicative of
the existing plasma density profile can be used to determine tuning element adjustments
necessary to maintain the target plasma density profile within the chamber. In one
embodiment, the control signals are acquired and transmitted by appropriately defined

metrology disposed at numerous spatially dispersed locations through the volume in which

the plasma is generated.

[0020] Figure 3 is an illustration showing a system 300 for controlling a plasma density

profile relative to a substrate, in accordance with one embodiment of the present invention.



relative to the transmit electrode. Additionally, one

or nore control signals indicative of the existing
w@bk@gnesdensity profile can be used to deter nm PET/USZV06IQH6780

el enent adj ustnents necessd?y to nmaintain the target

pl asma density profile within the chanber. In one

enbodi nent, the control signals are acquired and

transmtted by appropriately defined netrol ogy

di sposed at nunerous spatially dispersed |ocations

The% %%sgéé? B obhBcvabdiie ﬂl&n’{w&%‘xﬁe‘i‘ 9 0R! AR MRattRingSREN&GLEAS5, and the RF

Figure 3 1san illustration show ng a system
0 t . . ; , .
porp il EPRLLH 049 SLANER S0 SPGB 3818 prosiousy

th resent i tion. The system 300 .ingclude

dested e TR FF RO T R R e P ipafe R pqye source 117
RF_power source 117, as_preyiously described w.th

thrg {MRLEhipp Jefveark 135 pirough %P évrlsag|e§e°&@§e i thechamber 101,
nunber of RF power transm ssion paths extend fromthe

threarghy theeplagwar wishinithet ¢hagibgh 108 e torg vpmber pespwially 1dispersed return
through the transnmit electrode within the chanber 101,

ele¢thodes gvithih ghgy¢hasher W01 hTke ameurtefiRIe powerl transmittedhalobga particular
of spatially dispersed return electrodes within the

RF qivewdretrark@iissidh pathndivaetly dhflinoes weplagma demsityt withial @ mipinity of the
a particular RF power transmi ssion path directly

partiBlilatl RICpowear Rhdsiibsice patht W14, tiinBervoéfCRRigoyved frurhifig elements are
particul ar RF power transm ssion path. Al so, a nunber

resPéctivelyP APbsddUWitheh Bl iBMbEr 8F R POREE itanSthissnSPABL dEach of the
wi thin the nunber of RF power transm ssion paths. Each

tunffle eEndiE R0 BhHIBYrShdhe RARPRLRAICk BEuSTan amount of RF power
mahi pul ated to adj ust an anmount of RF power

[ y ot 1.SST.0N: . .
R A8 L ROk E: TonfBiion 2R SPRS] SRR spine clement s
disAdditionally, the system 300 i ncludes a conputi ng

%%anOl defined to receive plasm density
nmonitoring signals fromthe plasma chanber 101, as

[0020§l ARt €Sh ANy, S Sdtedd 300 Thausa D ublinpams%/@s@émiasn defined to receive
defined to generate and transmt control signals to

plakﬂﬁ density monitoring signals from the plasma chamber 101, as indicated by arrow

[/

303. The computing system is defined to generate and transmit control signals to the
various tuning elements along the different RF power transmission paths. The control
signals serve to control the various tuning elements such that plasma densities within the
vicinity of the corresponding RF power transmission paths are adjusted to maintain the
plasma density profile overlying the substrate in accordance with a target plasma density

profile stored in the computing system 301.

[0022] In one embodiment, metrology is provided for directly measuring the plasma
density at various spatially dispersed locations over the top surface of the substrate. These
directly measured plasma densities represent the monitoring signals provided from the

chamber 101 to the computing system 301. In another embodiment, metrology is provided



various tuning elenents along the different RF power
transm ssion paths. The control signals serve to
w@enwroms7t he various tuning el ements such t hatP@I/ES2086/046780
densities wthin the vicinildy of the correspondi ng RF
power transm ssion paths are adjusted to maintain the
pl asma density profile overlying the substrate in
accordance with a target plasna density profile stored
in the conputing system 301. [0022] In one enbodi nent,
> . | o
o A e o8 VWA oA Vellou PO | STOM: 03] B top surface of the
I td t u e substrate, These
wubgf: TROR ARl ol e R eRER e b R RRE B Rl pFOREE from e
ni_t oL i gnal s _provi ded he chanber 101 t .
cnapd S50, s S mPu Sy, 0 ke rota e afteim 501 includes a
trol i s providedf or asuring the bias, voltage at
co ?t?%g%e&faéflgaéarq a3 veltegeaon dassybsiraieopnd; plasmadiegsity over the
the substrate. These neasured bias voltages represent.
subshatehhe comPHENS Pt 30pindetinsd tp useihaweceiedimensured bias voltages
to the conputing system 301. The conputing system 301
and errrelaléon to deferping fanxistiaspdasmandensity egofieayey diet tagsurface of the
on the substrate and plasma density over the
substriist Fat exaikipde, ciammet empodiyrsingna 38¢unira] Hiaki vodage erofile across the
the received neasured bias voltages and correlation to

subdehier coricspandiayi ot 4 ngrgpl pRRMmad@sisity yppfitd id prowN@dd hdrénput to the
top surface of the substrate. For exanple, in one

corBpRath BPAtm 801.UHE IBFhpRLiAS SlchP301PMBhith8 Aer Bias vol8ge on the
substrate corresponding to a target plasnma density

subgerﬂcei ﬂoedétérrrﬁfxgﬂ' ﬁ)@CIe@tﬁrédnlB% vBﬂaéehFroﬁmuﬁljei%t %5hE Ribstrate. The
301. T h I as

he conputing system 301 nonhitors the

¢ . ) s IR . _

corf it Sy P 8 SRR hEEED Bt KOS AEMIER, acjust the

RE GO BB ) PARG A8 FELEedp ERCE REF e Pishholtage profie on
t ' ' th to.match th d ..

e S R o RS T bR B PAGadESHRHISH matoained
bias profile. If the required_bias voltage %rofile i's

acrags Meaubsiatgc thestlasmp denpnrafile oyearlying demibeiEate iwil} correspond to

profile overlying the substrate will correspond to
the target plasma density profile.

[0023] As previously mentioned, the various tuning elements within the RF power
transmission paths can be either adjustable capacitive elements or adjustable inductive
elements. Those skilled in the art will appreciate that capacitive and inductive effects in
transmission of RF power can be provided by physical structures within the RF
transmission channels. Thus, manipulation of these physical structures within the RF
transmission channels can be used to manipulate the corresponding capacitive or inductive
effects provided by the physical structures. In one embodiment, the tuning element control
signals generated and transmitted by the computing system 301 are routed to servos that

are defined to mechanically adjust the physical structures defining the adjustable capacitive



the target plasma density profile. [0023] As
previously nmentioned, the various tuning el enents
wowanorssthe RF power transm ssion paths can beP@l/Ukm®n6/046780
adj ust abl e capacitive el emdhts or adjustable inductive
el ements. Those skilled in the art will appreciate
that capacitive and inductive effects in transm ssion
of RF power can be provided by physical structures
within the RF transm ssion channels. Thus,
eleRhis bt AdjuaapRf inkhasR BloMRhisdvithin it U&rﬂﬁlsV‘R’Fhﬂr&shﬁ&mn paths as
RF transm ssi on channels can be used to mani pul ate the
pondi ng capacitive or inductive effects provided
appggﬂljthﬁg physi cal structures. In one enbodi nent, the
tuni ng el enment control signals generated and
[0024h e miehtonstriaty thdeparebibitt ofthe pysserimngertion; en ezamplt plasma process
servos that are defined to nmechanically adjust the
wap ppdfbanatd #i mddthutles adpbtablengrphtievadiemembCe of Figure 1B was varied
capacitiveel ements or adjustable inductive el enments
whilk (Y Gthé@n Vrf%él@&%nt@'ivéré ASithingd aha P@sktiafly constant value. It should
appropriate 0024] To denonstrate the operability of

be m&?r@{o%agﬂat Y, lbag.é pa S LR ARRRP's g§ u‘é@f’thls example

pertormed 1 n wh Jj ustabl e capacitive elenent

plag%na(n)éro ésg; uxl;vgrel ?elg\ﬁ? QSOHQ:HH% Flﬁ'ﬁggege nltyu@ﬁ rlzgtual practice, the
S were maln alne a su t|aI y“const ant
preﬁFrg Clgggrllttb%lzc%lﬂ gserél ﬂg%faglgé;sg?r%tﬂaglt \%J:glenai?ﬁ%)roc SS w1rfdow wherein
Iasrm rocess were selected for. denonstratio
VasiOHS GRS BRTAPICHIS, &8¢ DS P o TR 5 L aAlFS, bias mmng clement
|nvent|on can be used within an essentially unli
setang)%@svs CHTBIR SEL SR Yalie, APTRRIIR A S Pk ?'Felflé%"f%a brocess that is
e.g., pressure, gas mxture, gas flow rates bi as,
beingpierfgrraednelse, it shauld glso beeppreciatad that inactusl pwycwﬁlle gesults of the
appropriate for the particular plasma process that is
pldamiangropessf ejgnedich Altex uniforsityudte., ab sofubetiem pf @erietsetining element
that in actual practice the results of the plasna

setfihl € @$l$ be Gefendeft Wion tht @gegralnéffeet of bther ptotess psaraeter settings.
function of various tuning el enment settings will be

dependent upon the integral effect of other R[oces
[0 Meerl RIS g’gnous process parameter and tuning element settmgs applied

during the example plasma process. In Table 1, the various tuning elements are identified
by their respective reference number as previously presented in Figure 1B. During the
example plasma process, the impedance matching capacitors 123A-123D and resistors
125A-125E are set to provide an appropriate impedance match so that the generated RF
power can be successfully transmitted through the plasma without ad\;erse reflection and
interference. Figure 4 is an illustration showing the results of the example plasma process
as a function of the adjustable capacitive element C1 setting. In Figure 4, the average etch
rate across the test wafer is shown by curve 401. The three-sigma uniformity across the test
wafer is shown by curve 403. The etch rate at the center of the test wafer is shown by curve

405. Based on the variation in average etch rate, uniformity, and center etch rate as a



[0025] Table 1 presents various process paraneter and
tuning el ement settings applied during the exanple
wWEb@3nesspr ocess. I n Table 1, the various tuni NBCT/US2006/046780

elements are identified bylfheir respective reference
nunber as previously presented in Figure IB. During

t he exanpl e pl asma process, the inpedance matchi ng
capacitors 123A-123D and resistors 125A- 125E are set

to provide an appropriate inpedance match so that the

funSERL AR AR cPAYRENCEN ) P asIEHES Sit hdvld tBeddppitdited that the tuning
through the plasma wt hou%) adverse reflection and

eleﬂlgﬂt&@fli '&5?6? ﬁcé]’t:lktg& h& Im“ﬂﬁ c8hhd debisHE Mu@s a%@é’m{&}wﬁf%? Thereforc

exanpl e plasnma process as a function
table ca
the ﬁr@raﬁ%v OGRS hETTRS plignd YehtiBPhrofk oo o controlled
shown urve. 40 Thethe S ma_uni.fo

by 5568E Praicele s Rk csiomen s By b Taths® Frbaver mansmitted

rate at the_ center of the fest \/\@é Itr@i Evvn by curve
thropgh, coggsrandiig RK 8OWSF iransugissip p 2\t I8 rate,

uniformty, and center etch rate as afunction of the

tuni ng el enentrikle)1. EAMPIE P1sPna PhocebdSttinke

anpnreciated that the tuning

_ement (Cl) —can—be—
mcgmwamtﬂrﬂméﬁemnét ch rate resul t sSeigss t he

wat er - Thews, The exanpt e[ plasna processgy mT
denpnstr at es OW the plasma density profile can be

control | egﬁ]gd usting parti ¢ul 4 at 3R pes/mine feistat 120 sce/min,
such t hat 2nt of RF poyer éHP?Mdéc%ﬂnfnhm%hs sce/min

corres i r transmlssion paths |s

control | eBias Matitage 1. Exanpl e Pl asma Process 28(Yi ngs

[ aYaXaVakl

L””‘”Lg_ﬁéﬁﬁefﬂen%d}' oSttt om SToW g S ARTEar U

or cC olling alplasma density profile

reI at | Tenihgmemulrts(o‘zalt e, in a¢cordance wth 16ﬂ@F

CIIUUUI Bt sent iIIVtII I IT IIE e
i ncl udg fdﬁ@?@t(wgﬁ 501 for a|lopluv| ncIJ RE og\%g:ﬁ to a

I eactraningdElemeatsqenecsye a pl asma over a top5(sp|Fface

—Qf—A——S-H-bS—FF&Pe—l—FW‘Eﬁ{—RF‘*p'm
mul ti plenieddEraRRs is applied to the reactzggtp gas.

For exanple, a higher frequency RF power can be
applied for plasnma density generation, and a | ower

frequency RF power can .
[0026] %‘1gure% is an 1llustrat10n showing a flowchart of a method for controlling a plasma

density profile relative to a substrate, in accordance with one embodiment of the present
invention. The method includes an operation 501 for applying RF power to a reactant gas
to generate a plasma over a top surface of a substrate. In one embodiment, RF power of
multiple frequencies is applied to the reactant gas. For example, a higher frequency RF
power can be applied for plasma density generation, and a lower frequency RF power can

be applied for bias generation across the substrate.

[0027] The method also includes an operation 503 for controlling an amount of RF power

transmitted through each of a number of RF power transmission paths, wherein the RF




be applied for bias generation across the substrate.
[0027] The nethod al so i ncludes an operation 503 for
we@enwrnTesii ng an anmount of RF power transnittedP€TUs20061046780

each of a nunber of RF powd$é transm ssion paths,

wherei n the RFpower transm ssion paths are spatially

di spersed throughout the plasma relative to the top
surface of the substrate. Controlling the anobunt of RF
power transmtted through a particular RF power

povbe?r&?&{&rﬁﬁi&ﬂ?ﬁ% BreCapaBaRy aisgleﬁaar@n@ﬁgmdtxn%iagﬂna r8lative to the top
vicinity of the particular RF power tTransm ssion path

surfa@e PSF B0 R skaR) aééa&oqelggg gﬁ% | £8bunk ot RE: E&Q&d itﬁﬁ%ﬁ%ttgd through a

ere RF power of nulti requencies iS applie

wh

48556 RO e LR DS GAFRLSTRATD P o o
. 1 H . | .

poc B R SR e 8 (BB Bnt o PR AT i grpodiment

th ari ous_RF r trapsm ssion paths i s perforned )
Whﬁs?e%% ROVST Pf mylt %%Sﬂu%}eé 13 aPRlHG teﬂ%w@hsw Ferheefthe multiple

of the various RF power transm ssion paths.

As

freqiicagies off RFdpaversiseipdepandsnily wongobadethroughreagh of the RF power
ei ther an adjustable capacitive elenent or an

trargpoijissontpathsi doet embodinasmgntondicdipees e anolmtrofaRF RBwer transmitted
power transm ssion path. [0028] The nethod further

through thdesrians BFgroxtdr granSfissionr patksaserfogmad plyashiolling one or more
density at various spatially dispersed |ocations over

tunidiS eleffentevvithibceah dfhthe Skabidhs R power adfsii¥siofipiil As previously
the plasna densities are neasured directly. |In another

dis€uE36d]i BRI tunti 2 S1enRink AGBSbEShEP 3B ULE UstableV&pabiti%e element or an
di spersed | ocations across the substrate. The neasured
e ¢ .

A RGeSy SRpp Tk SRR RORF i EnBoioPa,
In an operation 507, the neasured plasnma densities are

[0028hJThe edethod duttirgetlugésa smwpeationt S05pfopfméasudeg ianddsma density at
relative to the top surface of the substrate. An

variper apatinatly5aBpésed Hocatjumsf overethd aopledueface Nef the substrate. In one
adjustnents to the controll ed amount of RF power

embbdinsdii,! HHRIpILANHY UthsiB8E rd mdabereRFdiRQNS! Ih rAB&IRY $BidAiment, bias
paths as required to nake a plasma ‘

voltages are measured at various dispersed locations across the substrate. The measured

bias voltages are correlated to respective plasma densities overlying the top surface of the
substrate. In an operation 507, the measured plasma densities are compared to a target
plasma density profile def}ned relative to the top surface of the substrate. An operation 509
is then performed to determine adjustments to the controlled amount of RF power
transmitted through each of the RF power transmission paths as required to make a plasma
density profile represented by the measured plasma densities substantially match the. target
plasma density profile. It should be appreciated that controlling the amount of RF power

transmitted through each of the RF power transmission paths is performed in an automated



density profile represented by the neasured pl asma

densities substantially match the target plasma
walengiotsg7profile. It shoul d be appreci ated thaPCT/US2006/046780

controlling the amount of RF power transmitted through

each of the RF power transm ssion paths is perforned

i n an aut omat edmanner to maintain a substantial match

bet ween the actual plasma density profile and the

target plasma density profile. [0029] The RF power

matiéd 8 ThaRtH 3 tsHiDdt At B b&wkn thS aRLESANmA Eié!x%‘s'ik& Bﬁle and the
enabl e control of substrate uniformty in a wde ng

mqgipﬁﬁﬂﬁﬁﬁﬁgﬁy Iggh vary with process paraneters such
ower, pressure, and process gases. More
speC|f|caIIy, t he present invention provides a nunber

[0029] The RFypayenetssissidnhiuningrederRintp ofde presens invesiiomenable control
pat hs through the plasna to affect a change in plasnma

of sldREhteyurfifariityeinQy @ideyiange olif preaesdsrahich vandwiBnsieess parameters
affect a change in uniformty across the substrate.

sucﬂl 80 polRe, PIRSITE, BN Trbokss WkeD| Moddapédifiallyd rtﬁylﬁ@éém invention
ﬁ present i nvention provides a w der wi ndow for

pro@fcﬁg @ QJfQﬁ’rﬁﬁg blehals Wi e Q&%Eﬁ'éﬁﬁsﬁﬁﬁ?ﬁx paths through the

constrained by unfformty concerns. tiona

pla%/rﬂﬁ O(Ugeﬁ‘f%& %P@]{ g E}ﬁn?%m 'clgr%fgqgroﬁqg § 12*1%1% thQ te and hence

arious roc
ntroll ed fro water-to-wafer .and to chln
afTGEL B Ran e 4 PO ToF B Of i fﬂ‘?%%%#?”% wéass%&e frsity control
descri bed, er of several .enbodi nents, it wl
cangifte Vil bk (6 RSB VRIS PPOHEC A, ifit WRSRAY rfpr process
t he precedi ng specifications and studying the draw ngs
devglonmentathare Whati 3eyld| ethemisonke eptgirainghsby uniformity concerns.
permut ati ons and equi val ents thereof. Therefore, it is
Addittoantled thioagh t preper ebsnia nnétoringn and céantred ofl thes etious tuning
alterations, additions, pernutations, and equival ents
eleaenfsaptocess imifortiity danbe coptrplied &och wabpdo-ofaftrmnd tool matching can

i nvention. What is clained is:CLAl M5
be made easier.

[0030] While this invention has been described in terms of several embodiments, it will be
appreciated that those skilled in the art upon reading the preceding specifications and
studying the drawings will realize various alterations, additions, permutations and
equivalents thereof. Therefore, it is intended that the present invention includes all such

alterations, additions, permutations, and equivalents as fall within the true spirit and scope

of the invention.

What is claimed is:



1. A plasma processing systemfor sem conductor wafer
processi ng, conprising: a radiofrequency (RF) power

W@ ouroes7a nmat chi ng network connected to the RFCPUSEING/046780
source; a transmt electrod® connected to the matching
network, wherein the transmt electrode is defined to
transmt RF power to a plasma to be generated within a
volune; a plurality of RF power transm ssion paths
extending fromthe RF power source through the
mat chi ng network through thetsaagmt el ectrode
through the plasma to a nunbiér of return el ectrodes;
and a plurality of tuning elenents respectively
di sposed Ani plasmat ipgogsissing| isystemf fRF prmisendyciers mivefsr oprocessing,
pat hs, each of the plurality of tuning elenents

cordpdisingd to adj ust an anount of RF power to be
transmtted through the RF power transm ssion path
wi t hiradisfre@lenth ERF)power souepnt i s di sposed, a plasma
density within a vicinity of a particular RF power

traa%mtaﬁh%ﬁeﬂ%rn BehdedtbiBE RFYboNRREtEAcEONal to the
anmount of RF power transmtted through the particul ar

RFE QoNRIsriif AtHods! Qhntatd 21:9 Uhi NQaRRRIAhEWRS whBRin the transmit

pl asma processing system A pl asma processi ng
syst em . far ' r e [ ' Lt .
clefif S T deRbod G ERIAREoWIE LA pRSAEES B Bindtitcl SRS votume;
el ectrode. u i ch sem conducgt or waf.er .S t,0
Sup ey BY e petes rdSingon raliex ARSE fofo M RF power source
el ectrode i.s connected to.a .ground .potenti,al B 3.
gl e BASBRE VS FoEPH Bt s BT FGHie (gl the plasma to a
processing as recited in claiml1, wherein the
nupber ef teturn glecirodesignéd| ement s i ncl udes ei t her
adj ust abl e capacitive elenents, adjustable inductive
el emeplusslityrofhoming ¢jemsmish kespectpety dispesed aviin dheyplurality of RF

power transmission paths, each of the plurality of tuning elements defined to adjust an
amount of RF power to be transmitted through the RF power transmission path within
which the tuning element is disposed, a plasma density within a vicinity of a particular RF
power transmission path being directly proportional to the amount of RF power transmitted
through the particular RF power transmission path during operation of the plasma

processing system.

2. A plasma processing system for semiconductor wafer processing as recited
in claim 1, wherein the transmit electrode is a lower electrode upon which a semiconductor

wafer is to be supported in exposure to the plasma, and each return electrode is connected

to a ground potential.



adj ustabl e i nductive elenents. 4. A plasma processing
system for sem conductor wafer processing as recited
WO pooclozesm 1, wherein the RF power source i s dePCTEs2006046780

generate RF power at nultipbe fixed frequencies. 5. A

pl asma processi ng system for sem conductor wafer
processing as recited in claiml1, wherein the nunber

of return electrodes are positioned with respect to

the transmt el ectrode about the volunme w thin which

t he3 pl asgBplasink PprdtRsIRE YR dob SéRicbhdictdiRaRt BrdtebdiNg as recited
of RF power transm ssion paths are spatially

in dhisd i1 QubRsh BRl AlikMiy it thhig!didRSHs till(fﬂl@e%té’i@l@§ adfiistable capacitive

pl asma processihg systemtfor sem conductor wafer
essid S L:t,ed i ai fyk. c rigsin
clebiAS BRisRALRS IAEEHYE, ellhefls™ o Botty WGl ARl el flements and
.tuni.ng elements to enable control of RF power
adJ‘E#%ﬂ%ﬂ’r"é‘&‘i“é‘?@FWBﬁgh the spatially distributed RF
power transm ssion paths such that a particular plasm
density profile is established relative to the
transmt el ectrode during operation of the plasma ]
pr otessi AgPlagmap Prpcepsing systa@Far prpicendycier woter preqesying as recited
sem conduct or wafer processing as recited in claim®,
in dlaimt hewheremthe R pewert scokagy ddbhédteoganorase BE| poover at multiple fixed
control signal indicative of an existing plasm
freglensies.y profile relative to the transmt el ectrode,
wherein the control systemis defined to process the
control signal to determ ne necessary adjustnents for
the plurality of tuning el ements such that the
par i cul ar plakas PRocRERk systBnOfok k&miconaBdtot ¥ait Brocessing as recited
relative to the transmt el ectrode during operation o

in Effn pll,lax?ﬁ@'eiﬂr RCeRFhHE S SGD elBctrdicd B0 MsitBhed wi;h respect to the

controlling a plasna density profile relative to

trax?slfln*% LB Sde about the volume within which the plasma is to be generated such that

the plurality of RF power transmission paths are spatially distributed relative to the

transmit electrode.

6. A plasma proqessing system for semiconductor wafer processing as recited
in claim 5, further comprising:

a control system defined to control the plurality of tuning elements to enable
control of RF power transmission through the spatially distributed RF power transmission
paths such that a particular plasma density profile is established relative to the transmit

electrode during operation of the plasma processing system.

7. A plasma processing system for semiconductor wafer processing as recited

in claim 6, further comprising:



conprising: applying radi ofrequency (RF) power to a
reactant gas to generate a plasma over a top surface
wW@B00a/0%855t rat e; and control ling an anount of RET/PR24e6/046780

transmtted through each oR0a plurality of RF power
transm ssi on paths, wherein the RF power transm ssion
paths are spatially dispersed throughout the plasm
relative to the top surface of the substrate, wherein
controlling the amount of RF power transmitted through

a PREkbLYY alerREd RBVAIquir-2 YoniS] Q@Qﬁﬁrﬁi%@?&' 8n existing plasma
pl asma density within a vicinity of the particular RF

den fo lf: gﬂﬁfﬁgétﬂ e tpﬁxtosgnii Q1cbod, dih QRaLbdrol ns,a/stern is defined to

contro A et or controllTing a plas
ensi t ragfi.l e .relative to a substrate as yegited | .
profRRThE BoRieh vl G fitort S Gt RlRas BERie Slieailly of tuning
elerg%gtgltt hgtbpv e %gqsticﬁﬁsgt Ilglglglg rcgplpgi’[t)}?(r?ge lriic.%ﬁlgltairﬁgusleg \é(ee{ative to the
I

measur ed asma densjties to a target plasma density
trangpyt ?IP“éeréfq“ﬁ‘éa operatiop\pd theplesraa pEisesting BBEbf t he
substrate; anddeterm ning adjustnents to the
control l ed amount of RF power transmitted through each
of the plurality of RF power transm ssion paths as
req8i r ed At methmidefost qoingrottingledasma gersity| profilepredatibet toda substrate,
by the neasured plasma densities substantially match
comipgsihigar get pl asma density profile. 10. A nethod for
controlling a plasma density profile relative to a
SUbghgiging radiof8Gidey (RIF) Poicitd a rékiiifti s NS @sdrbiRth H138ma over a
pl asma density at various spatially dispersed

top/sRE@Ld ONSsd¥Rhte! Hfa tOop surface of the substrate
i ncl udes neasuring bias voltages present on the

su ba%r{ti?t}lﬁn?tg.rrl] ‘éﬁ[cjuﬁ't‘ %ngfrf ﬁg&téﬁ gaﬁs‘?ﬁ%h WHBuBE eRGF of Blurality of RF

substrat e, corre

power transmission paths, wherein the RF power transmission paths are spatially dispersed
throughout the plasma relative to the top surface of the substrate, wherein controlling the
amount of RF power transmitted through a particular RF power transmission path causes a
plasma density within a vicinity of the particular RF power transmission path to be

proportionally controlled.

9. A method for controlling a plasma density profile relative to a substrate as
recited in claim 8, further comprising:

measuring a plasma density at various spatially dispersed locations over the top
surface of the substrate;

comparing the measured plasma densities to a target plasma density profile defined

relative to the top surface of the substrate; and



nmeasured bias voltages to respective plasnma densities
overlying the top surface of the substrate. 11. A
woretonomsfor control ling a plasm density prof i PEI/US2006/046780
relative to a substrate as2tecited in claim8, wherein
controlling the anmount of RF power transmitted through
each of the plurality of RF power transm ssion paths
is perforned in an automated manner to nmaintain a
substantial nmatch between an actual plasnma density

pr odidtk@niniith #jhd@ats 18RS EonteRAIdnoul 8F RFG oWk Mah¥fitted through
to the top surface of the substrate. 12. A'nethod for

each QFEOb I Ay f %%ﬁié’si&{s 8&\1}# &s feﬁlhlﬁ'teli Y@n{aﬁs I@ rPéasrna density

substrate aS recited in claim er el contro

e F rqt ' d_t hrough,.each .of, the
proffCre B REeq By 4 pBAATeq PLARNALERS SRS Bty Slhsuafiet plasma
d b%(yco 1roI ling one or nore tuning elenents within each

ISFY PHEBl urality of RF power transnmission paths, each
tuni ng el ement being either an adjustable capacitive
el ement or an adjustable inductive elenent.13. A
method for controlling a plasma density profile
r el 39 ve 4 ecthos) fos contrelling o plgsma densityprafiln ®lativede @i substrate as
RF power of multiple fixed frequencies is applied to

recitérk in eladinaht whersin swesurafg theeplasia idehsity ai garious spatially dispersed
frequenci es of RF power being independently

locatbunisrodiet #iH @ptdurface bf drcfabsitate Meclpdasmddstizing biaRvoRag&r present on
transm ssion paths. 14. A systemfor controlling a

the P$ b tiBted &N Satiyud dipetsed r Reaidnse aérdss tdIREbItALE, and correlating the
conprising: a plasna processi ng chanber w thin which

meisttd bIBNSIRGYs (GTLspROMPE plainfaCdBRitRRPVRNideltiR top surface of the
reactant gas to genérate a plasma over a fop surface

sub®frai@. substrate; an RF power source for generating the
RF power; a matching network for matching an i npedance
of the RF power to be supplied to the plasnma
processi ng chanber;

11. A method for controlling a plasma density profile relative to a substrate as
recited in claim 8, wherein controlling the amount of RF power transmitted through each of
the plurality of RF power transmission paths is performed in an automated manner to
maintain a substantial match between an actual plasma density profile and a target plasma

density profile relative to the top surface of the substrate.

12. A method for controlling a plasma density profile relative to a substrate as
recited in claim 8, wherein controlling the amount of RF power transmitted through each of
the plurality of RF power transmission paths is performed by controlling one or more
tuning elements within each of the plurality of RF power transmission paths, each tuning

element being either an adjustable capacitive element or an adjustable inductive element.



a plurality of RF power transm ssion paths extending
fromthe RF power source through the matching network
W0 k0eTHs7a transnit el ectrode through the pl asPEI/US2086/046780
plurality of return electr@dles, the anount of RF power
transmtted along a particular RF power transm ssion
path directly influencing a plasma density within a
vicinity of the particular RF power transm ssion path;
a plurality of RF power tuning el enents respectively

di spesed Avnidihdtl fdieoRtrbNmkid Ylasha RendBBloflld AlSHVSH! Lubstrate as
pat hs, each of the plurality of RF power tuning

recﬁé@qﬁrﬂlﬁnp%?&\?ﬁ&eﬁf R@dﬂgé@éﬂ 8 pitliti goﬂ)@éc% ?{eﬁ&:n &V\'ﬁsr? }}ied to the

transmtted al ong a correspondi ng one 0 e plura
0 S S8| ths. uting syst.e
reaffand e SR & ERCHLERIS TR Hou POl B RIS 5 0Bpendenty
i s.fromthe as amher .t he conputin stem
corteBRleii e ot o B AT o b P icten P
signals to the plurality of RF power tuning el enents
to adjust the plasma densitywithin the vicinity of
each RF power transm ssion path such that a plasm
dendfty p spsie@ Eresontelingop plamadensity prefiles plafiveatoea substrate,
is maintained in accordance with a target plasma
codpmgingy profile. 15. A systemfor controlling a plasm
density profile relative to a substrate as recited in
cl ainplagma fpaoctdssing ochapbies iwrithin neticlo Iradjpfrdg@ianoe AREY power is to be
directly measure an existing plasnma density at various
applfdttb al reyctahitse ts geheraie atplihitm OMeh toh surfe ofdstibgitaf
the substrate, the neasured plasnma densities
I ePLASENDOWE oM foR gSRrARIEShE REYRIdrl € nonitoring
signals. 16. A systemfor controlling a plasma density

pr obihgc lgaﬁe'twgrg fbr%aﬁ&gﬁ% LAlifmped c? cafttggRiFrb&!/é?‘itmbe asupplied to

14, further conprising: netrology defined to nmeasure
mebﬂlgﬁngglotcg&?ngaéh%érpus di spersed | ocati ons across

a plurality of RF power transmission paths extending from the RF power source
through the matching network through a transmit electrode through the plasma to a
plurality of return electrodes, the amount of RF power transmitted along a particular RF
power transmission path directly influencing a plasma density within a vicinity of the
particular RF power transmission path;

a plurality of RF power tuning elements respectively disposed within the plurality
of RF power transmission paths, each of the plurality of RF power tuning elements capable
of adjusting an amount of RF power transmitted along a corresponding one of the plurality
of RF power transmission paths; and

a computing system defined to receive plasma density profile monitoring signals
from the plasma chamber, the computing system further defined to generate and transmit

control signals to the plurality of RF power tuning elements to adjust the plasma density



the top surface of the substrate, the nmeasured bias

vol tages representing the plasm density profile
WORWTHTESINg signal s, the conmputing system i nclRdi/ng20a6/046780

correl ati on between neasur @8 bias voltage on the

substrate and plasma density over the substrate, the

conputing systemdefined to use the received neasured

bi as voltages and correlation to determ ne an existing

pl asma density profile over the top surface of the

witgﬁme WadiRity & each R¥FYoBr tRhshRSionqakh Becrathat amma density profile

ensity proflle relative to a substrate as recCited in
I I S
ove B Tl Sor AP bl SO i@l b MR ABR R targot plasma
P g%ust bIe i nductive el enments, or both adjustable
ERDREI T Fve el ements and adjustable i nductive
el enents. 18. A system for controlling a plasnma density
profile relative to a substrate as recited in claim
17, wherein a nunber of the control signals to
genddat ed SYFEFTR fanSoRQILRE ByPlesa @rﬁﬁutnrﬁﬁles%t’éfm tgagsubstrate as
routed to servos defined to nechanically adj ust
recited predainy &4.dheberdomprasipg:ur al i ty of RF power tuning
el ements. 19. A systemfor controlling a plasm
densietrglggyoflefiged @b adiractlyt measuselbst eaistng splagoa t dehsity at various
claim 14, wherein the transmt electrode is a | ower
spatiaftg idig@aset [10Batitdiis Cdv ek ke $op Siufaictof thet subbtatslifieomeadtired plasma
in exposure to the plasm, and each return el ectrode
dedsﬁl&,qeﬁ}egnﬁﬁg&l% PlaShe Ak rBhilel Abnitotthg Medalst em f or
controlling a plasm density profile r% ative to a
substrate as recited in claim 14, wherein the nunber
of return electrodes are positioned with respect to

e L L R R R I s

ura

0 SSi 0 at hs are spati al |l dlstrlbuted
recﬂtgﬁjg‘léfl@énﬁg’a’?’ﬁtgef ?‘Hﬂgﬂ‘?f’ &el ect rodg Y

metrology defined to measure a bias voltage at various dispersed locations across

!

the top surface of the substrate, the measured bias voltages representing the plasma density
profile monitoring signals, the computing system including a correlation between measured
bias voltage on the substrate and plasma density over the substrate, the computing system
defined to use the received measured bias voltages and correlation to determine an existing

plasma density profile over the top surface of the substrate.

17. A system for controlling a plasma density profile relative to a substrate as
recited in claim 14, wherein the plurality of tuning elements includes either adjustable
capacitive elements, adjustable inductive elements, or both adjustable capacitive elements

and adjustable inductive elements.
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18. A system for controlling a plasma density profile relative to a substrate as
recited in claim 17, wherein a number of the control signals to be generated and
transmitted by the computing system are routed to servos defined to mechanically adjust

respective ones of the plurality of RF power tuning elements.

19. A system for controlling a plasma density profile relative to a substrate as

recited in claim 14, wherein the transmit electrode is a lower electrode upon which the

substrate is to be supported in exposure to the plasma, and each returmn electrode is

connected to a ground potential.

20. A system for controlling a plasma density profile relative to a substrate as
recited in claim 14, wherein the number of return electrodes are positioned with respect to
the transmit electrode about a volume within which the plasma is to be generated such that

the plurality of RF power transmission paths are spatially distributed relative to the

transmit electrode.



