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BACKGROUND

[0002] Semiconductor wafer ("wafer") fabrication often includes exposing a wafer to a
plasma to allow the reactive constituents of the plasma to modify the surface of the wafer,
e.g., remove material from unprotected areas of the wafer surface. The wafer
characteristics resulting from the plasma fabrication process are dependent on the process
conditions, including the plasma density profile across the wafer surface. It should be
appreciated that differences in plasma density profile during processing of different wafers
will result in different wafer surface characteristics. Thus, a drift in process results between
different wafers can be caused by variations in the 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.

[0003] 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
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[0002] Semiconductor wafer ("wafer") fabrication often includes exposing a wafer to a plasma to allow
the reactive constituents of the plasma to modify the surface of the wafer, e.g., remove material from
unprotected areas of the wafer surface. The wafer characteristics resulting from the plasma fabrication
process are dependent on the process conditions, including the plasma density profile across the
wafer Surfaﬁﬁ‘&f&SM'@Q@@W&%@M%PQ'ﬁ?rﬁn‘égﬁlfﬂ&laﬁfﬁé dpRSiuRI9ilR duripsheraegssing of
different wafers will result in different wafer surface characteristics. Thus, a drift in process results
between diffgignhwalerscanbegarsethby yarationsdp hepiasma densityiriatle. Addiignally,
because an amount of reaction between the plasma and a particular portion of the wafer surface is

directly propgigniakif e Plasmasiean avsrbanaticHBrROMen el iRce, adpions in

the plasma density profile can result in center-to-edge wafer uniformity problems. Such center-to-edge

wafer unifora&%a{eﬂsmﬁaga&a%aﬁwﬁ%hg@ EXIR Bt NRIR - JRRAS] RAMF QRGNS water

fabrication include optimizing a die yield per wafer and fabricating each wafer of a common type in as

identical a mapARE asARSRIAIR TamAghigsR.ADIAEIARuLISARAIARIE RERNIGhNAHAIPGRY of
features across an Ihdividual wafer and among various wafers of a common type. Previous plasma
processingttﬁchni es.hav 1€ 1o &9 }rcl)I W fer uniformit tin n{;ri irect manner b I
compensating for an’ le?n%%ﬂ%ro Sgbgfggn%ac é{%sqltytp?oﬁ%%{)r{?eﬁﬂ% ¥h§r\?vé1 erosﬁfglcé @Scﬁva °
compensation has heen provided through control of various process parameters, such as regctant gas
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directly conyol ihe plgsma denaly profis,oyerlying the water surtage. 4 soluian fe nesdeg (o enable
more direct CSNt0IoF the plasma enslllty profile overlllylng the'wafer sarace such that wafer uniformity
can be CO”E{%‘L%%J” a more direct manner.



SUMMARY [0004] In one embodiment, a plasma processing system for semiconductor wafer
processing is disclosed. The system includes a radiofrequency (RE) power source and a matching
network connected to the RF power source. A transmit electrode is connected to the matching network
and is defined to transmit RE power to a plasma to be generated within a volume. A number of RE
power transmission paths extend from the RE pgwghsersee through the matching network, through
the transmit electrode, through the plasma to amumber of return electrodes. The system also includes
a number of tuning elements respectively disposed within the number of RE power transmission paths.
Each of the[ﬂﬁ%ﬂ) oP Wnitiy St MERLs i€ RAMBA BREFIN SN HETNtI8F REPEARIYT Be WalEmitted
through the RE power transmission path within which the tuning element is disposed. A plasma
density witHFPSoR StisclnsrseuEe RES [SBWECtRSSS fis&ib et e R ENP PRSI Bk e
amount of RE power transmitted through the particular RE power transmission path during operation
of the plasnPiSTIBELSIPEY SRS EE0S] tihﬂA*’:f)%megrﬁ%aﬁnéﬁﬁaasm&ﬁ@at@f&ﬁ§é|6%@&f%ﬁdc%tro|nng
a plasma density profile relative to a substrate. The method includes applying RE power to a reactant
gas to gendhsténaiphaagachverkaand sufeiticdta sapsRHt&ITReWAEINOY BIRYIAdRIGE 2EBRREiIng an
amount of RE power transmitted through each of a number of RE power transmission paths. The RE
power transtiiBiion yataeard suarkarydifde rprethicnghsitanplas sderdaioa tthenB koprsisiface of
the substrate. Controlling the amount of RE power transmitted through a particular RE power

transmissiofPpéth baeisets hiplasielitensiyonktiner glcthinytionsna pal egsiods. REQpavéheralasmission

path to be proportionally controlled. [0006] In another embodiment, a system for controlling a plasma
density profileaalanpertofarsivostedtetioddiscidsesystine sisstenslirdsisideztapragmauprogedeingntshamber
within which

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.

[0005] 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
relative to the top surface of the substrate. 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.

[0006] In another embodiment, a system for controlling a plasma density profile relative to

a substrate is disclosed. The system includes a plasma processing chamber within which

3



3 RE power is to be applied to a reactant gas to generate a plasma over a top surface of a substrate.
The system also includes an RE power source for generating the RE power. A matching network is
also provided for matching an impedance of the RE power to be supplied to the plasma processing
chamber. Within the system, a number of RE power transmission paths extend from the RE power

source throgghgh\edmatehing Agiwarkothrrietia ansialesteodgidipuahtheBipsmade grnumber of

return electrodes. The amount of RE power transmitted along a particular RE power transmission path

directly influgBeesa RASTAERNSIL WENRR VISR Rf{ae RAMIEUST RERIEr diandmigsien path. The

system further includes a humber of RE power tuning elements respectively disposed within the

number of REBAWEHANSIRISSIN PAISi A R ROWRE %Wiﬁﬂp%@}ﬁ@tﬁstﬁéﬁ@ﬂ%&béd%sﬂ@g an

amount of RE power transmitted along the RE power transmission path within which the tuning

element s disagech ARG S SYSHELTAINE S RBHIOA SYSIEIT, AE0ed Feeive plasma

density profile monitoring signals from the plasma chamber. The computing system is further defined

lo generatcy NG TRIST bAR0TSLSNaIS P he RF Rawer WG SIEMERIR At plaspa deneity

within the vicinity of each RE power transmission he computing system controls the RE power

tuning e'e”ﬁ%\%ﬁ”%ht}@&t iPLffééPr%gde‘?’lﬁir%igoﬂf&S %@%{}?%0&0 %ﬁr{fﬁ‘&% f%‘cﬁrﬁ“@%ﬁ%‘éé ; rg‘f’l}ise”tai”ed

in accordance a target plasma density In another embodiment, a met

disclosed for cont{oly Iasmta densit prPfiIe relative to bstrate, The method ipcl de%lan
. an%oun 0 ?&a@ er_transmitted orh%a?artlm% ar R‘% power t{an mlss1{)n ath a%rec 0¥
operation for transmitting power from a trartsmit electrode to'a reactant gas to a number of return

electrodes. Jipnemiseion oline R POUEL ihe teaciapt das iansiogme (ne reactant gas nip
plasma over alfop SUAACE OFa stibstrate! A pIura]ﬁhyo gBower fansniiseion pa%ltqns Aré"établished

from the tr mit electrode to.the number of ret lectrodes.. The.method also includes an operation
for controllg SN MR At BE O BPTHES SIT6P R E BV s SSRREDn paths

to control an amount of RE power transmitted through each of the plurality of RE power transmission
ot e HOTBEIS: BRIRE T A BB acHICEA B EASE VL AR at lemst
one adjustable inductive element. [0008] Other aspects and advantages of the invention will become

more apparti RS AL RSHOR Y WRRLIL TR EPRYE AR R A Do R ER I AR BI SRRy ing

drawings, illustrating by way of example the present invention. )
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.

[0007] In another embodiment, a method is disclosed for controlling a plasma density
profile relative to a substrate. The method includes an operation for transmitting RF power
from a transmit electrode to a reactant gas to a number of return electrodes. Transmission
of the RF power to the reactant gas transforms the reactant gas into a plasma over a top
surface of a substrate. A plurality of RF power transmission paths are established from the

transmit electrode to the number of return electrodes. The method also includes an



BRIEF DESCRIPTION OF THE DRAWINGS Figure |A is an illustration showing a plasma
processing system for semiconductor wafer processing, in accordance with one embodiment of the
present invention; Figure 1B is an illustration showing the RF power generation and transmission
components of the plasma processing system, in accordance with one embodiment of the present

invention;  opdrigidie oA dsfbiliustratiamsbowingning RErRMMEHFANSBASSION RathRkERdeqatrolled to
provide a radially increasing plasma density profile, in accordance with one exemplary embodiment of

the presentjgyptiomismissoaUssuRBis AndbISHARB EROVIRG hewRF (PRWE HansHussics.patbs being
controlled to provide a radially decreasing plasma density profile, in accordance with one exemplary
embOd'merlh@gfﬁ%ﬂ[?%ﬁ%@%?Qiransmission paths. The number of tuning elements includes at

least one adjustable capacitive element and at least one adjustable inductive element.

[0008] Other aspects and advantages of the invention will become more apparent from the
following detailed description, taken in conjunction with the accompanying drawings,

illustrating by way of example 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
Cl 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.
DETAILED DESCRIPTION [00B&IEFRESGRIRAEON OF;XikHN DRAWINGSspecific details are set forth
in order to provide a thorough understanding of the present invention. It will be apparent, however, to
one skilled in the dridinat thei praséintiraentidowiay belpsactipadsviingulysemear seihifdhésespecific
details. In other instances, well known process operations have not been described in detail in order
not to unnecassapiycelsaprenthepréseptinttesii®embodiment of the present invention;

Figure 1B is an illustration showing the RF power generation and transmission
components of the plasma processing system, in accordance with one embodiment of the
present invention;

Figure 2A is an illustration showing the RF power transmission paths being
controlled to provide a radially increasing plasma density profile, in accordance with one
exemplary embodiment of the present invention;

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.



[0010] Figure IA is an illustration showing a plasma processing system 100 for semiconductor wafer
processing, in accordance with one embodiment of the present invention. The system 100 includes a
plasma processing chamber ("chamber") 101 within which a plasma 109 can be generated in
exposure to a substrate 104. It should be understood that the substrate 104 can represent a
semiconductor wafer or any other type of substrate within WhICh electronic elements are to be defined.
The chamber 101 includes a lower eleclE A6 RERBE@N ctrode 105. During operation,
radiofrequency (RF) power is generated by an RE power source 117 and transmitted through a
matching n¢eoe9k Ihl o fillvloingr diecipodea, 108neiawospeifiondetls ard &2 Toltishaudddee to
appreciated that the matching network 115 is defined to provide appropriate impedance matching to
ensure thatghe & POviRuishprapa sk itns ot ttesd freventhiawodike kiwitoha ippdrehehRiepenvey
received at the lower electrode 103 is transmitted through the chamber 101 volume to the upper

electrode 18he WhitkdisOrRe Rcledapiik tpresontng exiensians Yo placated autside soprriphary ¢f the
lower electrode 103. [0011] During operation, a reactant gas is supplied to the chamber 101 volume in

a controlledipangsscifioedel ROWE birRPSHiAEL i oREIN R lBWET RIRUOIPIABY Aagh thye eBamber 101
volume, i.e., through the reactant gas, to the upper electrode 105 and ground extensions 107 serves

to transfomaé@&l{%q'@a&@ﬁ%ﬂmﬂi&h%&lec&mﬁaé&gsﬁ@mw@fdﬁ%maﬁ&&&ﬁ a particular location
within chamber 101 is directly proportional to an amount of RE power being transmitted through the
particular location within the chamber 101. Therefore, increased RE power transmission through a
particular IOX9A TWARR the charib el HOT e APHRENAinBHSRS dERESHI RS 08y ety e
particular location within the chamber 101, vice-versa. A set of confinement rings 111 are positioned
within the cHAMERINIIPEWHFHIRECESYBIEME GRSAYIABCEH Vi spatembadiasnb e the |owerHnd
upper electrodes 103/105. The confinement rings 111 serve to confine the plasma 109 to the volume
overlying thé sutsistiatEhecwstisan ifhapludesnicpiasiba dirpesstaner sidebrsr (Corraed) nBY W@t of the
confinement rings 111 during operation to enable adjustment of reactant gas flow between the various

confinementhisgs a Plang difScten tervariarigdap fRxprtNecy diu e ubsitiindthe lsuthstatdebro4.

understood that the substrate 104 can represent a semiconductor wafer or any other type of
substrate within which electronic elements are to be defined. The chamber 101 includes a
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.

[0011] 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



[0012] It should be appreciated that the plasma processing chamber 101 and system 100 includes
many other features and components that are not described herein to avoid unnecessarily obscuring
the present invention. The present invention is primarily concerned with controlling a spatial variation
of the plasma 109 density within the chamber 101 by controlling RE power transmission paths through

the chambesdQikicHRreushGonird) ahiinsnatial vatatioeaf e MlasmariP9eiensibenilin the.chamber

101, a spatial variation of an amount of reaction between the plasma 109 and the substrate 104 can

be controlledMore spesifiehvibunsonstalio beralasma00 fiensiuirbe nsteasskay e aartioular

area of the substrate 104, the amount of reaction between the plasma 109 and the particular area of

the substratg, 1Q4WH IF RITEABEDMERVRIRE FHONG!THY BalRRERHSO S H R BhOLIRAIYEES

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

104, is depgpglent, LRRL A6, AMRUALAE RIS 0 ORI AG SRACUoRA A A SUARRTIRAHQRLON the

substrate 104 surface, the uniformity of features defined across the substrate 104 can be directly

controlled bSRRNPHING P ARaahARLRN.Q1 e iR 4AR fensie YA HORRIS AR,

Therefore, by contro e RE power transmi s through hamber 101, the uniformity of

features defipethaioss 16 Sybstae L canbe ditgeilannipled; QR EigRAR man fjusiraton

power generation and transmission components of the plasma processing system

100, in accardance with one embodiment of the present invention. As described with respect to Figure
1, the piao o SRR B B S IR NS T B Lper

electrode 105, the.ground i 107, and the canfin nt rings 111..For easg of illustration, the
cubstrate 16S SR [ Lol T S Ao b oot eert GRS L1 sl O
description provided herein, it should be understood that.the substrate 104 is supported.qn the lower
clecttode 165 IS IS 1 DESHETES chling WL WHASIA PO LORI T cRE b dtment o
Figure 1B, the R wer source 117 is represented by three separate RE power sources 117A-117C,
that are QoAU ST B E e AT BGUTES ol BoUVER SPRANS: ISR S Sxively. 1
should be apfpreciated that in other embodiments, the RE power source 117 can he defined to
generate REPEHEAMAEERHET™ BRAEFSAREMBLL B SRAGITEMSBE Thgst bt ArdHEGHERLY VATHEY than
what are presented in the exemplary embodiment of Figure 1B. Also, it should be appreciated that
during operd¥iah o8 e vRle meEoyeihere i sEESIEAL94-7C can be operated in any combination,

depending on what is necessary to satisfy process requirements. Additionally, either of the RE power
sources 117goid7fe grimibesiappeeefidying ahpalicHarRlreRmpPraassber 101 and system 100

includes many other features and components that are not described herein to avoid
unnecessarily obscuring the present invention. The present invention is primarily
concerned 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-



[0015] The RE power generated by the RE power sources 117A-117C is transmitted through the
matching network 115 to the lower electrode 103, via connection 127. The matching network 115
includes a number of resistive elements 125A-125E and capacitive elements 123A-123D that can
each be adjusted to provide a required impedance matching for transmission of a particular RE power

source. TheREtansmiasieanatrxdendinhERBba RE AMVRLEOWS A dhmEsRnrGtian 127
also includes an adjustable capacitive element Cl. The RE transmission path extending from the RE

power sourge,d 1B JorigI CRIBESHRR Jadk@ie0 inpludes BN @iuatablsGanagTive RIRMeR Chel he RE

transmission path extending from the RE power source 117C to the connection 127 also includes an

adjustable o ieSIBTSE A TADAINERE IRBIESIeN pamExa0mNg bom: igpaching

network 115 to the lower electrode 103, i.e., along the connection 127, includes adjustable inductive

elements L3 andil-3, Adjustahle;capaciive, SRREHS R4 AIMGS 36 2ise camesied betusen.the RE

transmission path extending from the matching network 115 to the lower electrode” 103 and a ground
potential. [O(Qe]fme'gggr&lg ({?}%\/g%sqlrﬂgiﬁ]g‘@g tlpgé%gég&ﬁjecﬁt%;&gﬁ??% from the RE power sources
117A-117C is transmitted from the lower éectro e 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, tA81B3WEgetecti®dde 203llvdsfivadshevangitkemitiélpewetigenedathen grodiithedrasmponents,
i.e., upper electrode 105 and ground extensions 107, are defined as return electrodes. As the RE
power is tramsnpitlechthrduh phesrsaptactsgarg, shiggpiadith MO o genesated. divecplasthadiDfs
capacitively coupled to the lower electrode 103, the upper electrode 105, and the ground extensions,
as illustratethdypoapacitavoes il 24- Ut 8CTibeelspadtivelpein opdimtion, laAgrdwnplaircaipiodstimed from
the chamber 101 walls to a reference ground potential. In one embodiment, an adjustable inductance
Liis providedtedthiGhecgréesndiciicanitextédting flonetlkeidradnied 10k wiglts tdethevdeféddnde ground
potential. Also, in one embodiment, an adjustable capacitance C6 is established between the lower
electrode 1@dand thecabiovie-mEhtienedigratoidiseioeiit Itiahould beFappeeciatddithatddoauskeRE
power is being transmitted, the various adjustable inductive elements L1, L2, L3, and the various
adjustable capacitive elemanis bbva? ilCBidudk T8, G6warecdelingdrbypeomparignts WBich@rideide a
corresponding inductive or capacitive effect within the RE domain. [0017] During operation, the various
adjustable ingugHie;edesaaptiohipkadilidl aeetiheivanous adjusiahiecapasitivie elemenis M4G2, C3,
C4, CS, C6 can be set to control a transmission path of the RE power through the chamber 101
internal volympoitbe ¥ariaysddisrileoindyosvi RISHOSINS td, the, fidsaind dbedvaiiiguh agitstable
capacitive elements CI, C2, C3, C4, CS, C6 are collectively referred to as tuning elements. During
operation, gagletyning element can be controlled to control an amount of RE power transmitted
through the RE power transmission path within which the tuning element is disposed. Therefore,
because the local plasma density is directly proportional to the local RE power bein? transmitted, the
various tunki§ ktéinetiis CaRGERE P HRRFdHatBaiTaRmML IS bFi‘iﬁﬁéﬁ@ﬁ% %6 theBiSstrate.
More specifically, the various tuning elements can be used to locally increase or decrease the plasma
density ovetfadithdEupstvate Wesiols 10chlidhns Hiehga dirBesontexesnelirg fRImRAREentet of the
substrate to the edge of the substrate. Such manipulation of the plasma density profile also influences
a shape of firaptashaldeMilg the Mirstrath 2N arisei slivhlhshaidd b apRiesiras dBpdndensity
profile directly effects the amount of plasma-to-substrate reaction at various radial locations extending
from the cepteerotntwdiupitatéhe Be peger somecslbétrate bardeHispd dxgeaesath R Rieg ahiformity

of the substrate.
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.



[0018] Figure 2A is an illustration showing the RE power transmission paths being controlled to
provide a radially increasing plasma density profile, in accordance with one exemplary embodiment of
the present invention. In the example embodiment of Figure 2A, the RE power transmission paths
(RP1) extending from the lower electrode 103 (transmit electrode) to the ground extensions 107

(return electypdes)iae RENPOHRH IR iansmibnere RE power thanauhatisransoitted alongether RE

transmission paths extending from lower electrode 103 to the upper electrode 105. Therefore, the

increased Rf;ARNEhHY RRTHIRI RIGNSNE R POWEs WaNSIIEIRD RS RRbhEAUSE 108 Pigema

density overlying and toward a periphery of the lower electrode 103, to be greater than the plasma

density oveglying; and JRWALDthe iGERIeL9f HgOW e SISRIQER RN ONSEAYERHY HRue Y e more

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

[0019] Figupg.gR %Qé[&‘-ﬁ%ﬁo{i’lﬁ‘&‘ﬂiQ&ﬂqﬁeﬁﬁ?ﬁ’&%{& Siss Lﬂ?éﬁﬁrﬁgéﬁgn%%'}ﬁﬁ’ﬁéﬁﬂl

provide a radially decreasing plasma density protile, in accordance with one exemplary embo%czment of
the presentavention: I S XAMRIG *%Og"il)gﬁé QhEIOYER ﬁ%&%‘l‘% POVSI A ARG RAthS
(RP2) extené%nggﬁromstf?oe Iowﬁectr%l (trar?sr%it%’ilectrode t(s)ﬁ'?fl?e up ereectroggélo return
ransmission oAb SN B o A o e £ A e S TR, tne
increased RE power.tr i along the RE power transmissjon paths (RP2) cau e pl sm’a
Fﬁtl?lent {Z aﬂ%}#ﬁ ransn%gssmptﬁgtﬂp extencilenéé?égl ]J_[B%,ﬁﬁ' Bg\ger S urci%a?r?ttﬁ tcp the

. (%
density overlying and toward the center o OWer electro o0 be greater e plasma

density oveéla/irﬁgc?nd a?ﬁjs the aecrliighery af the If)wer electrod{s 103. ggnﬁg tl}lé there will be

100 o_includes an’ adjustable citiye element NSMI1SS1
more plasma- o-suBstra e reaction at inner regions O?%P\% SU‘bSﬁ’a{E relative to outer regions (O)?the

substrate. [0020] It should. be understood that the R wer transmission ontrol depicted in

i guros o B SHTRMRESST S R EERFE U ot the HaSHHUIRe) BIOE B o
manipulated through the present invention. Furthermore, it should be appreciated that the tuning
elements withits HE S SPRATSRE %Wiig%]oﬁ?) r%%/ %r&@dtﬁ}‘ﬁﬁlésﬂ%éé?ﬁﬁrﬁ%‘é?ﬂ%ﬁ,gét&%e
controlled to manipulate the plasma densijty V\i)rofile relative to the substrate in essentially an
conceivabléhdRAsFiAD BHRAREe AexiBillRF W te SIediadendih tHe pldking nSapstie dar be
manipulated, the varigus return electrodes are positioned with respect to the transmit electrode about

the volume WWRHAF IR RIS VS glsmaitelisant iar VAMSERIR EABRRAY L RRISHES fofh #iths are

spatially distributed relative to the transmit electrode, and hence relative to the substrate supported by
the transmif eIt ctie operiad hestemiethi Rofeputimiion gt iayieeifomidisesichiBlasma
processing system 100 of Figures 1A-2B can further include a control system defined to control the

various tunitfy“emsknkht$o thed errislagiedattOBsRE gowed neifBHfksion through the spatially

distributed RE power transmission paths. In one embodiment, the RE power transmission paths can

be controllg@@reihatiRygst Plasadansity Rrlle iseriilishedirsitivg RisRPSIRIk&lectrode.

Additionally, one or more control signals indicative of the existing plasma density profile can be used to

determine tyng £oment AdIYSIRANT REARSRANQINABIRIN (RS AAeH RIRSERARAS YRR, Within

the chamber. In one embodiment, the control signals are acquired and transmitted by appropriately

defined meyplogy,lispased atrumsronsoataly iserisertiocalions duouabi brapiHmRin gehich the
plasma is generated. [0022] Figure 3 Is an illustration showing a system 300 for controlling a plasma
density profiie. elAHVEQA SYRSYAYE THRCEY ARNSE IR Q128 6 RRRRALL G RiGRERL yaation.

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
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13 The system 300 includes the plasma chamber 101, the matching network 115, and the RE power
source 117, as previously described with respect to Figures 1A-2B. As previously described, a number
of RE power transmission paths extend from the RE power source 117 through the matching network
115, through the transmit electrode within the chamber 101, through the plasma within the chamber

101, to a nyRReIS SRdtiaidbsperaadrtatt Bx RIRGHLIRMIRIBHRTRamD 110 1o ThE RIBRUBE Of RE

power transmitted along a particular RE power transmission path directly influences a plasma density

within a vicigity,d G RRIAICHN IR ROWESHIRNEMESRI O P@sﬁiﬁ@&ﬁ&émﬁﬁé ERE ROV NG

elements are respectively disposed within the number of power transmission paths. Each of the

tuning elemsitse e fanARIE A eiBgRIRHIE A AYLRIAN HEP YL A RERONCR LRBSIITied along

the RE power transmission path within which the tuning element is disposed. [0023] Additionally, the

system 300,ingludes 2 RaMRULnG %@%M%%Hg%&%ﬁ@ﬁé@ f?ﬁé‘%ﬂ?%ﬁtﬁ%m@ﬁ%ﬂ&ﬁ@”ws

from the plasma chamber 101, as indicated by arrow 303. The computing system is defined to

generate ang.fransmih coArphsignAlRdQ e NeHRS NG SlamEnis.Alend (e diferent R pgwer

transmissio_n paths, as indicated by arrows 305 nd 307. The control signals serve to cont’r_ the
indusive oo e ) B, R e e
Pecordance it S Be R SMEESy profle stored in he computing system 301, (002411 one.
embodiment, metrology is provided for directly measuring the plasma density at various spatially
dispersed |pedtithDaoveg theetaposurfiace oiche sdjostabte.iithesee elements L1, L2, L3, and the
various adjustable capacitive elements C1, C2, C3, C4, C5, C6 can be set to control a
transmission path of the RF power through the chamber 101 internal volume. The various
adjustable inductive elements L1, L2, L3, and the various adjustable capacitive elements
Cl1, C2, C3, C4, C5, C6 are collectively referred to as tuning elements. During operation,
each tuning element can be controlled to control an amount of RF power transmitted
through the RF power transmission path within which the tuning element is disposed.
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.

11



directly measured plasma densities represent the monitoring signals provided from the chamber 101 to
the computing system 301. In another embodiment, metrology is provided for measuring the bias
voltage at various dispersed locations across the top surface of the substrate. These measured bias
voltages represent the monitoring signals provided from the chamber 101 to the computing system

301. The cqpgjnasysten 3Q1dncldamanPisiRlian ReIVRENJoRasUraRsRiARiYRIBRE ORI
substrate and plasma density over the substrate. The computing system 301 is defined to use the

received megsiipd PaSYOUREES AaRIFPHIRIRUCR G HRIIMINR AN t;%ﬁf@]ﬁx%ﬁ%ﬁ?éa%@%ﬂi)ﬂp%ﬁ”e over

the top surface of the substrate. For example, in one embodiment, a required bias voltage profile

across the SUPSHEALE CHESSRAABAING iR-3 ARt RIS IRNSIRIAfI: IS RESYidRs ASrPRME O the

computing system 301. The computing system 301 monitors the bias voltage on the substrate to

determine if (b iegyiren PiasNRURISRIRTIG 51 pIaseRtian e suRsiate: e carnying:aysism 301

transmits appropriate tuning element control signals to adjust the RE power transmission paths as

necessary f@béa%ﬁattbetﬁéeg% iRARRRYoleasRRllE on %)ﬁ%sﬂét@&& Hii%&et%‘ﬂfeﬁ{élﬁl?ﬁﬁ{@f”e- I
the required bias voltage profile Is maintained across the su strate, the pfasma density profile
overlying the,sybsiiatG il epriespnd NG BYGs! RiRsMRsHsibRIGNle 022l As Rreviausly
mentioned, the 'various ?uning elements within the R power transmission paths can e gither
adjustable capacitive el r adjustable inductive ts. Those, skilled in the art will appreciate
that capaciiiE nd e Bt B s HE ST ity S5, P

structures v¥ithin tfgtetf{E]transtﬂmisiiﬁn channtels. Thus, manit%ulzﬁcfﬂ of theset hyslical structures within
the RE tranSiission chantels €an bePided tcgar%%lnrll]iﬁasﬁ?é]tep%esc rre Sﬁa%ﬁg c%p%gﬁ{l\}% SFhtdictive
effects provided by the physical structures. In.one embodimept, the tuning element contrgl signals
Generated NG DATEATHAENGS rPEGRSCR A Lo e 5B Folhae t BRI RS SBhned t
mechanically adjust the physical structures defining the adjustable capacitive elements (C1, C2, C3,
C4, C5, C6 %‘P%ﬁéﬁmﬁﬂ%@%\aﬁ tr@%ﬁérﬂgnfsltﬁ,q%é?eﬁm%%oe}aﬁ@és %@f?&H%Pﬁ]%si "aths as
appropriate, as indicated by arrows 305A and 307A. [0026] To demanstrate the operability of the
present inv@itldif BOERIATHIA (2RO ERSHIRA SUHSAvEaT ShrResths e ¥ dad8kftive
element Cl of Figure 1B was varied while the other tuning elements were maintained at a substantially
constant vaiB&CRSHtifasBBStAtferstood that the particular process and tuning element settings used
this example plasma process were selected for demonstration purposes only. In actual practice, the
present invegdipy) ¢asuRe pged WikhiniasaasantiRdyuBlimte/ Prpsass WidayssTone Rithy asigns
process parameters, e.g., pressure, gas mixture, gas flow rates, bias, tuning element settings, etc.,

can be set banyiNalue pRRIgPAaIIN fhe RGN ASMRRIACBRS RIS BEIRG R TRIMaSheAlSO, it
should also be appreciated that in actual practice the results of the plasma process, e.g., etch rates,

uniformity, eiem@sa fMnetiamrhyareusjing Slenent satinaswilhedercrgent yppithesptegral
effect of other process parameter settings. [0027] Table 1 presents various process parameter and

tuning e"EWEQtI@P?&%ratPQ{L?ﬁS%H‘Ea%? BPIREAIARPABIRGAES o Wb BRIG b A FOYRHAUSAANING

elements are identified by their respective reference number as previously presented in Figure 1B.

During the %ﬁ%&%gﬂ@ﬁ‘i@% QrERR LR IMBEdaNEE MAUAOHY FRRAGHYIF445AIRAR, ANstLggistors

125A-125E are set to provide an appropriate impedance match so that the generated RE power can

be Successgy%'lk/ﬁﬁr?ﬂﬁg\&?%‘? i &?&i%'ﬁ?ﬁﬁ}]%doﬁéﬁga?‘(ﬂ&?% %%%%ﬁ?ﬁsﬁ%ﬂe&iﬁ@ éﬂgd%ﬁz?e{cgﬂcl%\&g“re 41ls

an illustration showi e results of the exaniple plasma process as a function justable
capacitive %'ﬁa'c’lFone%%et%'ﬁ% Ig?ollzllr%%?(téngpoensa Yﬁ%%e%%‘re, 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.
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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 function of the tuning element (Cl)
capacitance, it should be appreciated that the tuning element (Cl) can be adjusted to influence the etch

rate resu Its [ﬁﬁﬁ?ﬁqmﬁdﬂﬁfe&e Tﬁ%ﬁ@i%&d tﬂﬁ%@&@éﬂ@aﬁﬁﬁﬁ@ﬁ%@ smRnatasdapwitheiplasma
density profile can be controlled by adjusting particular tuning elements such that the amount of RE

power trangAyHiRd SROHRIMEPFESRRRAAING S RPUEFHRIIPIRIC e PiRsHS GQHHSJI'DSH)fﬁ@QB% be

Example Plasma Process Settings Process Parameter / Tuning Element Setting Pressure 80 mT

manipulated through the present invention. Furthermore, it should be appreciated that the
tuning elements within the various RF transmission paths, as afforded by the present
invention, can be controlled to manipulate the plasma density profile relative to the
substrate in essentially any conceivable manner. To enhance flexibility with respect to how
the plasma density profile can be manipulated, the various return electrodes are positioned
with respect to the transmit electrode about the volume within which the plasma is
generated such that various RF power transmission paths are spatially distributed relative
to the transmit electrode, and hence relative to the substrate supported by the transmit

electrode.

[0021] As described in more detail below with respect to Figure 3, the plasma processing
system 100 of Figures 1A-2B can further include a control system defined to control the
various tuning elements, 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.

[0022] 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.
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Gas Mixture Ar at 300 scc/min, CF4 at 120 scamin, CHF3 at 40 scc/min, 02 at 15 scc/min Bias Voltage

220 V Tuning Element (ClI)
The system 300 includes the plasma chamber 101, the matching network 115, and the RF
power source 117, as previously described with respect to Figures 1A-2B. As previously
described, a number of RF power transmission paths extend from the RF power source 117
through the matching network 115, through the transmit electrode within the chamber 101,
through the plasma within the chamber 101, to a number of spatially dispersed return
electrodes within the chamber 101. The amount of RF power transmitted along a particular
RF power transmission path directly influences a plasma density within a vicinity of the
particular RF power transmission path. Also, a number of RF power tuning elements are
respectively disposed within the number of RF power transmission paths. Each of the
tuning elements are capable of being manipulated to adjust an amount of RF power
transmitted along the RF power transmission path within which the tuning element is

disposed.

[0023] Additionally, the system 300 includes a computing system 301 defined to receive
plasma 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, as indicated by
arrows 305 and 307. The control signals serve to control the various tuning elements
(adjustable capacitive elements C1, C2, C3, C4, C5, C6, and/or adjustable inductive
elements L1, L2, L3) 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.

[0024] 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
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VARIABLE Tuning Element (C2) 120 pF Tuning Element (C3) 350 pF Tuning Elements (C4+C5)

directly measured plasma densities represent the monitoring signals provided from the
chamber 101 to the computing system 301. In another embodiment, metrology is provided
for measuring the bias voltage at various dispersed locations across the top surface of the
substrate. These measured bias voltages represent the monitoring signals provided from the
chamber 101 to the computing system 301. The computing system 301 includes a
correlation between measured bias voltage on the substrate and plasma density over the
substrate. The computing system 301 is defined to use the received measured bias voltages
and correlation to determine an existing plasma density profile over the top surface of the
substrate. For example, in one embodiment, a required bias voltage profile across the
substrate corresponding to a target plasma density profile is provided as input to the
computing system 301. The computing system 301 monitors the bias voltage on the
substrate to determine if the required bias voltage profile is present on the substrate. The
computing system 301 transmits appropriate tuning element control signals to adjust the
RF power transmission paths as necessary to match the measured bias voltage profile on
the substrate to the required bias profile. If the required bias voltage profile is maintained
across the substrate, the plasma density profile overlying the substrate will correspond to

the target plasma density profile.

[0025] 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
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56 pF Tuning Element (C6) 220 pF [0028] 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. The method includes an operation 501 for applying RE power to a reactant gas
to generate a plasma over a top surface of a substrate. In one embodiment, RE power of multiple

freq UenCie%igrﬁl&OﬁﬁﬂeﬁtgaeaEﬁﬁﬁ@ﬂhgﬁéd Fe9r XS tth RigheEH SHeReY AW LS Rejapplied

for plasma density generation, and a lower frequency RE power can be applied for bias generation

across the gpisHatQtefined to mechanically adjust the physical structures defining the adjustable
capacitive elements (C1, C2, C3, C4, C5, C6) or adjustable inductive elements (L1, L2,

L3) within the various RF transmission paths as appropriate, as indicated by arrows 305A

and 307A.

[0026] To demonstrate the operability of the present invention, an example plasma process
was performed in which the adjustable capacitive element C1 of Figure 1B was varied
while the other tuning elements were maintained at a substantially constant value. It should
be understood that the particular process and tuning element settings used this example
plasma process were selected for demonstration purposes only. In actual practice, the
present invention can be used within an essentially unlimited process window, wherein
various process parameters, €.g., pressure, gas mixture, gas flow rates, bias, tuning element
settings, etc., can be set at any value appropriate for the particular plasma process that is
being performed. Also, it should also be appreciated that in actual practice the results of the
plasma process, e.g., etch rates, uniformity, etc., as a function of various tuning element

settings will be dependent upon the integral effect of other process parameter settings.

[0027] Table 1 presents various process parameter and tuning element settings 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 adverse 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
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[0029] The method also includes an operation 503 for controlling an amount of RE power transmitted
through each of a number of RE power transmission paths, wherein the RE power transmission paths
are spatially dispersed throughout the plasma relative to the top surface of the substrate. Controlling
the amount of RE power transmitted through a particular RE power transmission path causes a

plasma dengify WiiRMEIN A RE RS RAKIBIRLRE AOWehY aemissiRn BAtbHAiReproRatioRly
controlled. In the embodiment where RE power of multiple frequencies is applied to the reactant gas,

each of the mlliple iR 8RS OLRE PRVNGEIS IASPRBIRAIY GriEqlabie firauaheadly @lithe RE

power transmission paths. In one embodiment, controlling the amount of RE power transmitted

through th

eNBIBIR BERMEEARSONSHAN H2

dRRSHRMSHILEONUALING RBE HEMAE tNing

elements within each of the various RE power transmission paths. As previously discussed, each

tuning element Gan Be GENGHAR AUHRIADIE CARASILNS,

disposed within an RE power transmission path. [0030]
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[0028] 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. 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.
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CLAIMS 1. A method for controlling a plasma density profile relative to a substrate, comprising:
applying radiofrequency (RE) power to a reactant gas to generate a plasma over a top surface of a
substrate; and controlling an amount of RE power transmitted through each of a plurality of RE
power transmission paths, wherein the RE power transmission paths are spatially dispersed

throughout fheBipsmanBlRBN & IR IR SHA 82 $1S 6918 H 8l nHITRIE ih ARt IR BE R BMmQUNt Of

RE power transmitted through a particular RE power transmission path causes a plasma density within

a vicinity of e RanicuIar R ELPONETFANSTHIRIPR PRI 1R VE RIGRSHINANLSARINRTein he- KrEmethod
for controlling a plasma density profile relative to a substrate as recited in"claim 1, further comprising:
power transmission paths are spatially dispersed throughout the plasma relative to the top
surface of the substrate. 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. In the embodiment
where RF power of multiple frequencies is applied to the reactant gas, each of the multiple
frequencies of RF power is independently controllable through each of the RF power
transmission paths. In one embodiment, controlling the amount of RF power transmitted
through the various RF power transmission paths is performed by controlling one or more
tuning elements within each of the various RF power transmission paths. As previously

discussed, each tuning element can be either an adjustable capacitive element or an

adjustable inductive element disposed within an RF power transmission path.

[0030] The method further includes an operation 505 for measuring a plasma density at
various spatially dispersed locations over the top surface of the substrate. In one
embodiment, the plasma densities are measured directly. In another embodiment, bias
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 defined 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
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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 determining adjustments to the controlled amount
of RE power transmitted through each of the plurality of RE power transmission paths as required to

make a plagma AeRIDhRSREIELRRTSSAIMRS: b ihe MpRsiHied Pasmadensilies Subaianlislyamatch the
target plasma density profile. 3. A method for controlling a plasma density profile relative to a

substrate agHGHE e INGIRIA P WSEIRi A eRSH %ﬁb@eﬁ'%tﬁﬁﬂ%%ﬁ& RHG Sldiandigrersed
g

locations over the top surface of the substrate includes measuring bias voltages present on the
substrate atyariossis jons across the substrate, and correlating the measured bias
voltages to respective plasma densities overlying the top surface of the substrate. 4. A method for
controlling a plasma density profile relative to a substrate as recited in claim 1, wherein controlling the
amount of REOPBIvEraRR VR EERH @a B HIRIE|%) BeRresaley gianiaaiie el is
performed in an automated manner to maintain a substantial match between an actual plasma density
profile and aftargst piasmdonasian profilderetageofdthectops stibigbevanthe bupriease parameters

such as power, pressure, and process gases. More specifically, the present invention
provides a number of tuning elements within the RF power transmission paths through the
plasma to affect a change in plasma density profile overlying the substrate, and hence
affect a change in uniformity across the substrate. Also, the plasma density control
capability provided by the present invention provides a wider window for process
development than what would otherwise be constrained by uniformity concerns.
Additionally, through proper plasma monitoring and control of the various tuning
elements, process uniformity can be controlled from wafer-to-wafer and tool matching can

be made easier.

[0032] 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.

19



5. A method for controlling a plasma density profile relative to a substrate as recited in claim 1,
wherein controlling the amount of RE power transmitted through each of the plurality of RE power
transmission paths is performed by controlling one or more tuning elements within each of the plurality
of RE power transmission paths, each tuning element being either an adjustable capacitive element or
an adjustable inductive element. 6. A method for egnirplling a plasma density profile relative to a
substrate as recited in claim 1, wherein RE power of multiple fixed frequencies is applied to the
reactant gas, each of the multiple fixed frequencies of RE power being independently controllable

through each of th& plurafiyHheE SEvetiraNEnsissRIASiensity proflentsdRgyerdp contsiiala

plasma density profile relative to a substrate, comprising: transmitting radiofrequency (RE) power
from a tran$RiitRBléE¥ode to a reactant gas to a number of return electrodes, whereby transmission of
the RE power to the reactant gas transforms the reactant gas into a plasma over a top surface of a
substrate, whereb§rRPlaaiIoFRENANEREARSNESIOMN HRAfsHras S BRBAEH froP et FYSE it
electrode to the number of return electrodes; and controlling a number of tuning elements within
each of thetplusalfgcePREspbsEtarandmission paths to control an amount of RE power transmitted
through each of the plurality of RE power transmission paths, wherein the number of tuning elements
includes at least openggjlisgble daparitivieRdfepraier drid anited tone gupastableamdwuelive efdiient.
8. A method for controlling a plasma density profile relative to a substrate as recited in claim 7,
wherein thepnwetdesrshirstion pidletrodesecandleldtiripallyrdonments b topaths ratecp gralindiprstesadal.
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.

2. A method for controlling a plasma density profile relative to a substrate as
recited in claim 1, 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

determining adjustments to the controlled amount of RF power transmitted through
each of the plurality of 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.
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9. A method for controlling a plasma density profile relative to a substrate as recited in claim 7,
wherein the RE power transmission paths are spatially dispersed throughout the plasma relative to the
top surface of the substrate. 10. A method for controlling a plasma density profile relative to a
substrate as recited in claim 7, wherein controlling the amount of RE power transmitted through a

particular RE power transtnjgsiRfdP@ineausesne RIasmaseasity wibinavisinity ofthemraricular RE
power transmission path to be proportionally controlled. 11. A method for controlling a plasma

density profilgifelpfiveiiad subsialeasEasiieskinelaimsh-canttoing Qna Rismapke o thesptigast one

adjustable capacitive elements within a portion of an RE power transmission path extending from the

transmit eleglrads 10,3 AERE WAl &lepticalibcRNRGRISEHR AElEreNC B QUM ROEAliBh on 12. A

method for controlling a plasma density profile relative to a substrate as recited inclaim 7, controlling

one or morg:of the.at \east AnaAliUHARIL GARACHLS I SMRRSNItiR & RrtigR.O L BRIRE ROWR!

transmission path extending from a matching network to the transmit electrode. 13. A'method for

controlling S ile relatjv. a An;reciied im 7, contralli or more
of the at Iea%slf%o%rﬁg‘g gd?l%%aﬁé%r%%&u%évlle I%%rﬁgﬁtgﬁ\%vlt tziIr?(1 ag ggré%nbtggé'ﬂ%g%ow r#g%s%?s)ggﬁe path
extending frsgllglséaggamber wall to a reference ground potential.

4. A method for controlling a plasma density profile relative to a substrate as
recited in claim 1, 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.

5. A method for controlling a plasma density profile relative to a substrate as
recited in claim 1, 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.

6. A method for controlling a plasma density profile relative to a substrate as
recited in claim 1, wherein RF power of multiple fixed frequencies is applied to the
reactant gas, each of the multiple fixed frequencies of RF power being independently

controllable through each of the plurality of RF power transmission paths.
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14. A method for controlling a plasma density profile relative to a substrate as recited in claim 7,
controlling one or more of the at least one adjustable inductive elements within a portion of an RE
power transmission path extending from a matching network to the transmit electrode.

7. A method for controlling a plasma density profile relative to a substrate,
comprising:

transmitting radiofrequency (RF) power from a transmit electrode to a reactant gas
to a number of return electrodes, whereby transmission of the RF power to the reactant gas
transforms the reactant gas into a plasma over a top surface of a substrate, whereby a
plurality of RF power transmission paths are established from the transmit electrode to the
number of return electrodes; and

controlling a number of tuning elements within each of the plurality of RF power
transmission paths to control an amount of RF power transmitted through each of the
plurality of RF power transmission paths, wherein the number of tuning elements includes

at least one adjustable capacitive element and at least one adjustable inductive element.

8. A method for controlling a plasma density profile relative to a substrate as
recited in claim 7, wherein the number of return electrodes are electrically connected to

reference ground potential.

9. A method for controlling a plasma density profile relative to a substrate as
recited in claim 7, wherein the RF power transmission paths are spatially dispersed

throughout the plasma relative to the top surface of the substrate.

10. A method for controlling a plasma density profile relative to a substrate as
recited in claim 7, 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.
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11. A method for controlling a plasma density profile relative to a substrate as
recited in claim 7, controlling one or more of the at least one adjustable capacitive
elements within a portion of an RF power transmission path extending from the transmit

electrode to a chamber wall electrically connected to a reference ground potential.

12. A method for controlling a plasma density profile relative to a substrate as
recited in claim 7, controlling one or more of the at least one adjustable capacitive
elements within a portion of an RF power transmission path extending from a matching

network to the transmit electrode.

13. A method for controlling a plasma density profile relative to a substrate as
recited in claim 7, controlling one or more of the at least one adjustable inductive elements
within a portion of an RF power transmission path extending from a chamber wall to a

reference ground potential.

14. A method for controlling a plasma density profile relative to a substrate as
recited in claim 7, controlling one or more of the at least one adjustable inductive elements
within a portion of an RF power transmission path extending from a matching network to

the transmit electrode.
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