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BACKGROUND [0001] 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 thd wafer, e.g., remove material from
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from plasma fabrication process are deperident on the process
conditions, including the plasma density profile across the wafer surface. It
should be appreciated that differéNc@¥TABIsma density profile during

processing of different wafers will result in different wafer surface
characteritiinden figdsasticlisrcsakerdsils il Parsetstvihrers

can be caused by variations in the plasma density profile. Additionally,
because an amount of reactionBA6KERMANBasma and a particular
portion of the wafer surface is directly proportional to the plasma density
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density profile can result in center-to-edge wafer uniformity problems.
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yield per wafer. [0002] Some objectives in wafer fabrication include
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type in as identical a manner as possible. To meet these objectives, it is
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and among various wafers of a common type. Previous plasma
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indirect manner by compensating for an uncontrolled plasma density
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through control of various process parameters,

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.

[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



2 reactant gas flow and wafer temperature, that influence reactions
between the plasma and the wafer, but do not directly control the plasma
density profile overlying the wafer surface. A solution is needed to enable
more direct control of the plasma densjty profile overlying the wafer
surface such that wafer uniformity can?oe controlled in a more direct
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system for semiconductor wafer processing is disclosed. The system
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connected to the RF power source. A transmit electrode is connected to
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be generated within a volume. A number of RF power transmission paths
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the transmit electrode, through the plasma to a’number of return

trodes. The system also includes a number of tuning elements

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 througbMMERRYpower transmission path

within which the tuning element is disposed. A plasma density within a

[00v$jHY Bh& RABGHIARE ROWELHaNPySIan LaUIEHIeSHYBIARORIARR:  wafer

to the amount of RF power transmitted through the particular RF power
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In another embodiiment, a method is disclosed for controlling a
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applying RF power to a reactant gas to generate a plasma over a top
surf f bstrate..The & d.also includes controlling an ount of
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. paths. The RF,power tra sion paths are spatially disper
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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



[0005] 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 RF 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 RF power source for aenerating the RF power. A
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power to be supplied to the plasma processing chamber. Within the
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power source through the matching network, through a transmift electrode,
of #YBUARIG RAIRLOA MRS O IR e e BARR Ny GmEHR of RF
power transmitted along a particular RF power transmission path directly
influences a plasma density within a vicinity of the particular RF power
[000ah&riseiber sathodinesty stepthnnthrardaetitrdbsgarlasbar SR poofde relative to
tuning elements respectively disposed within the number of RF power
a sukstragigsidigathd. EachyREmpondudaningletemantissapmblaobeadjugting which
an amount of RF power transmitted along the RF power transmission path
RFpitvinnvihichbtheptphédgte e nrentaist disposednddditiopalyahy aystap surface of a
includes a computing system defined to receive plasma density profile
substonétoling sisfealsafsonmthiedplasmBIcipambesotive tangeutingisystenkis power. A
further defined to generate and transmit control signals to the RF power
matcining stenvektss talsaljpsiviiie s mancdinsityawithipethacdcidithofRIagoRér to be
power transmission path. The computing system controls the RF power
supipiiddg el gidsrsa ghrdbak m plakmebele wiish prafite Wyemiha tomieifadeRH power
the substrate is maintained in accordance with a target plasma density
trafigfisiord JA0G6EQENEr Aispectt aRH advaitagesofithedphemiomavdhing network,
become more apparent from the following detailed description, taken in
thré@FunctigRMiti erageomiaRyingedpawingsoiliusthabeg by rs@aynotlectrodes. The
example the present invention. BRIEF DESCRIPTION OF THE
amBRAWIRNG Power ighiigikédiaiand!paatian.s WG PIAsai eeessindirectly
system for semiconductor wafer processing, in accordance with one
inflREmRedimam RS e fresantiinYaRtiany of trigsRidBasran WsatrateRmission path.
showing the RF power generation and transmission components of the
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present invention; Figure 2A is an illustration showing the RF power
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plasma density profile, in accordance with one exemplary embodiment of
captﬁﬁo%?ﬁﬁj?}skﬂ&’g BHU%Mount of RF power transmitted along 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.



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, it accordance with one embodiment
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of the example plasma process as a function of the adjustable capacitive
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of a method for controlling a plasma density profile relative to a substrate,
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ﬂlul[%@'ﬁﬁ%.@%%gggé%ﬁ%%pFgé%é%pﬁrﬂﬁ@%ﬁbwing description, numerous

specific details are set forth in order to provide a thorough understanding

of the present ‘”"Bﬂ%@r-l‘iﬁ%ﬁ%ﬁ%%ﬁ%%%ﬁ&% skilled in the

art that the prese ' ' or all of

these specific details. In other instances, well known process operations
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the present invention. ) ) ] ]
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;

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.



[0008] Figure 1A 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 P04. It should be understood that the

substrate 104 can represent a semiconductor wafer or any other type of

substrate within which eld2ETAHHBIMNESCRIPTION defined. The chamber

101 includes a lower electrode 103 and an upper electrode 105. During
[000PEatioR, fadiefieguRREH{Rm), pRivRFds gepeiifieddyifndri @ovi&th in order to

source 117 and transmitted through a matching network 115 to the lower

proglgetiaderdfch viiennirEHoRs htHanenl 21vdhsbeouidvad sppigeiRiedibatver, to
the matching network 115 is defined to provide appropriate impedance

ond GBI ehteneNFU g dhatdhe-RndRWwalHs PIRReBY parstutedfiem Yehe or all of
source 117 to a load. The RF power received at the lower electrode 103 is

the$tagsERitieditimavah thenehamhardOLalumewn hedrppelestiadaal@Smot been

which is grounded, and to ground extensions 107 located outside a
deseRHRDENIALING oer Sleerosie dQ3.AAP00I BKing pRSLATIRR.AHsRCtant
gas is supplied to the chamber 101 volume in a controlled manner. The
RF power transmitted from the lower electrode 103 through the chamber
[0098} Kiglifthe! Me istrtbulRitHatieacthRTdas, fo RIS TEp&Fesiti s 1eantP0 for
ground 6 extensions 107 serves to transform the reactant gas into the
senyesiductao WATBle sRgesTittte pladasartncat wigaraeelsmbegdtbenivighirthe present
chamber 101 is directly proportional to an amount of RF power being
invetigim el srite iy O enplrdrsutapiseati orogdthing s ashben bexhamder”) 101 within
Therefore, increased RF power transmission through a particular location
whiglthin plesohahie car0 bevijarssatedn ian dnppearsedoplasiwzs 19 déMsitly ahould be
the particular location within the chamber 101, vice-versa. A set of
undsustfind rianthingd ditdtaa 84 ositicperianithiscthis @idurtoe whbdr o soyrothed type of
a volume overlying the substrate 104 between the lower and upper
substettrodds i 03itbxlddeonflamerentringstkldefende TheohfimbehdO1 includes a
plasma 109 to the volume overlying the substrate 104. Additionally, some
lowembledimaat$(3r avidlefoupgamnt eddecbdeovein dmirad ¢ hep ecrivne menifrivgency (RF)
111 during operation to enable adjustment of reactant gas flow between
povke vargeusraedfihgnenREngswict Lsisuacdireictiandomarchotadvaydig thenatching
volume overlying the substrate 104. [0010] It should be appreciated that
nettheriplasmacpracersing ehamher 103, anid systesoibdd intdudes mznylotiesuld be
features and components that are not described herein to avoid
appefieeassafiyhehaatvnngthe p@ient SnkensiondT e fressentisproptiart ismpedance
primarily concerned with controlling a spatial variation of the plasma 109

mat@nsitowibinetheciamipasckitl Rypsepira iRt R RS ARSEBIESION] 7 to a load.

paths through the chamber 101. Through control of the spatial variation of
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amount of reaction between the plasma 109 and the substrate 104 can be

volgaRtreliege Mawersaecifisaliviosy santipling themasma 109 SensibeiediSions 107

increased over a particular area of the substrate 104, the amount of
lockRACHRRIREREIbIRR, RIFR R IRD aRd:he Ragicular 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
(0098 dRusigy APSLAOBCrbISAHaN Ut itesapRlicd d@p@ﬁd@bﬁr&é@n b volume in a

amount of plasma-to-
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



7 substrate reaction as a function of location on the substrate 104 surface,
the uniformity of features defined across the substrate 104 can be directly
controlled by controlling the spatial variation of the plasma 109 density
over the substrate 104. Therefore, by controlling the RF power
transmission paths through the chambr 101, the uniformity of features
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1B is an illustration showing the RF power generation and transmission
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one embodiment of the present invention. As described with respect to
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the lower electrode 103, the upper electrode 105, the ground extensions
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requency o z, respectively. It should be

appreciated that in.other embadiments, the RFE power source 117 can be
P R T N AR IS B B ARl AT b S el Enge 109 o
or at different frequency values than t are presented in the exemplary.
the B IR B gl TVRICE, 1D 2 cui e LR, A PR IRg, Provide for
operation, the varigus RF power sources 117A-117C can be operated in,
congryl e MOV EIREH, YelbE LS AN 1185 bbb SUAKRGRERERP Srogae adjustment
requirements. Additionally, either of the RF power sources 117A-117C
of ghtHR th el BtV ASarftars: ALREISRO &% 'd for 3 drketQR toward or
power generated by the RF é)ﬁower sources 117A-117C is transmitted
awgyisoghiae phamhmg hangdhe 1B hEdbwer electrode 103, via
connection 127. The matching network 115 includes a number of resistive
[008 BMERSuld TR - dgpkRnEICARACHY B RN PRE LR -dikhbihatlogamaashem 100
be adjusted to provide a required impedance matching for transmission of
incRi& tiﬁkﬂ%’ Bl oG SQUGRY E%&Eéﬁ%}%ﬂsﬁi‘%nlﬂﬁ%e%%n&fé@ﬁnm avoid
the RF power source 117A to the connection 127 also includes an
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from the’RF power source 117B to the connection 127 also includes an

co giﬂ§mkﬂl%%%fﬁ{f‘g & @fﬂﬁgf GiialiBR & Eh‘i{mmﬁ'@@ d%%%%ﬁﬁﬂmﬂe chamber

from the RF power source 117C to the connection 127 also includes an
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ding fro matching network 115 to the lower electrode 103, i.€.,

of @?nggﬁ@ﬁlc%%qg&&?nq}%gel ﬂlsﬁ%gsl 4ua éﬁ?@'%&ﬁ 'V%g "SHA%[H&L?O‘&‘P% spatial

justable capacitive elements are also connected
varﬁ@f%iatﬁ‘%nﬁguﬁfﬁﬁrr%g&ij??g Rt xtend @gs%%”l (%Beﬁl%tﬁé"é‘lﬁa&reeﬁ’é’of& can be
o the lower electrode 103 and a ground potential.
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-



[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
subfie@rauRase SOMRAEDIS oF Foc HRRELRIBRIQAR AL AN QHP4d the uniformity of

extensions 107, are defined as return electrodes. As the RF power is

feaflAOSTRRELNQUAD the (epgiant 98 hR BlaaA0%bhasNe S diifolling the

plasma 109 is capacitively coupled to the lower electrode 103, the upper
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113A-113C, respectively. In operafion, a ground circuit is defined froin the
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an adjustable Liis 9p ed within the ground circuit
def%&t&@gﬂ{)‘& fig ‘QSJSE%Q%E&%% M@ﬁfc%ﬁéﬁ%‘?{e“ce ground potential
S0, In one embodiment, an adjustablé capacitance C6 is established
between the lower electrode 103 and the above-mentioned ground circulit.
[00x Hhioigld & d Bppreuialiedithiaei ebawsegREep Bligpdy bie gryeranemitteld (rtiemission
various adjustable inductive elements Li, L2, L3, and the various
corapijustablef chp ptitive plermpitseGly G C3),.Gd :CSrdd6are tefimedimpodiment of
components which provide a corresponding inductive or capacitive effect
thewithsarthénRéndomais. {Bedmddunig opgratiow, fHigurariohs édjystable processing
inductive elements Li, L2, L3, and the various adjustable capacitive
syselementmlde2(He 3haidb& S O C Heslower sbtdoodentos, ehtrappanistsiarogatios, the
of the RF power through the chamber 101 internal volume. The various
groadilsthaklainguatze alemertiscbhiingnhehtantghe various agjustabléustration, the
capacitive elements Cl, C2, C3, C4, CS, C6 are collectively referred to as
subRing Wements. Mutingiadekmiion asd ey RigneRpeanbercanyali®tnd the
to control an amount of RF power transmitted through the RF power
renthdNSRIGSIOARRIN wihincyhiehtheitWhog Eenentds @isPepadhENRIRiRiR 104 is
because the local plasma density is directly proportional to the local RF
suppew& baingetianemitedrdhe Y@ﬁi%%%FBM@{SWEé%%bﬁ)QMiP% the plasma
manipulate a plasma density profile relative to the substrate. More
proggggifically, 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
[0042d é%tﬁ%%b@&:%ﬁ%aﬁ iargolBofRRbI RS MOHET Wrofitergegsented by three
influences a shape of the plasma overlying the substrate. Furthermore,
sepatash MENRIYAL oY ctte IN1A8md Hendisf prsfidetined ilp et REnsrer at a
of plasma-to-substrate reaction at various radial locations extending from
frequenc e PBfYHAzs MstYia. tanghe Miilye tisisstovbstdatehamd brappredfaied that in
the resulting uniformity of the substrate. 10 [0016] Figure 2A is an
othiflustratidnnsigiwitig tRE RFVsovwerteanshissiobpaitisbeite gormialeBiopower at
provide a radially increasing plasma density profile, in accordance with
cithgmen ediéienohirpentisodinbéngoftbiespressndifioemtidnednetiey escdumplthan what are
embodiment of Figure 2A, the RF power transmission paths (RP1)
preexterddinghtarmetnglivyvemblatirede A0Ri ¢tranhit*dbecttod®uid tieagmoerdted that
extensions 107 (return electrodes) are controlled to transmit more RF
dunpgywep¢haivn heiei sviraossn REE dpaleag atheeKRE trandii€siompbthsperated in any
extending from lower electrode 103 to the upper electrode 105. Therefore,
cortténintre adqet iRnp@nerlisansmeittashalang die RirquevsaetjansnussioAdditionally,
paths (RP1) cause the plasma density overlying and toward a periphery of
eitibeddwer Rlepwade diiidcdo bE7@rdatar hantd euphadnodl drimisipy Operfiydnigr plasma
and toward the center of the lower electrode 103. Consequently, there will
probesgnore plasma-to-substrate reaction at outer regions of the substrate
relative to inner regions of the substrate.



[0017] 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. In the example embodiment of Figure 2B, the RF power
transmission paths (RP2) extending fr8m the lower electrode 103

[Oﬁgﬁnﬁ@it@eﬁgwﬁ)gt&g?ﬁé@%?r ﬁ@%ﬁ%&@? (RN eIRUOARIAIR transmitted

controlled to transmit more RF power than what is transmitted along other
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extensions 107. Therefore, the increased RF power transmitted along the
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oward the center of the lower electrode 103, to be greater than the
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inner regions pf the, subst relative to outer regions of the substrate. 11
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theclglgtrgﬁvgeexp g%herccjelq ﬁ%u (6> 2AC%HIqu§O§leR%Sa st Sllrr%ﬁdlcile%dﬁgxg[ﬁ%%%l%f capacitive
how the plasma density profile can be manipula ed roug thejpresent

cieenvign Euriiermore, I should be appeciated inanhe luning eloments, 1, .
withintne various ransmission patns, as ariorae yp e presen

invention, can be cqntyolled to manipulate the plasma density_ profi .
CORNEDR 13 0 S TR S CEEN AP E e VDI A T transmission
enhance flexibility with respect to how the plasma density profile can be
path g¥SErsie dreone R?grﬂéﬁspféwarns815&%?%?0&?&5%&?ﬂ%&iwtﬁﬁéﬁ&f%ludes an
the transmit electrode abaut the volume within which the plasma is )
adjgiphls anasitreiR it dad REGERR a G IS RiRE A PeBagfding from
distributed relative to the transmit electrode, and hence relative to the
thesmaiching dispperted by inehratistst Sleciiote 1[5b1id]-slers dhperpipection 127,
~ more detail below with respect to Figure 3, the plasma processing system
inchiggsordinginls 1t varlementy chidels cofirvfal)siernasifivreglegients C4 and
control the various tuning elements, thus enabling control of RF power .
C5 tramshir siopngstetdre thecspivaRF distriButedor P pbviiepdiignisiythe matching
paths. In one embodiment, the RF power transmission paths can be

netgionkrdladosther amar gleareutepl8dmddegioipdrofitatislestablished relative
to the transmit electrode. Additionally, one or more control signals

[OOMEGFHEV%P]C ﬁ%@v&xﬂiﬂgn%l%%WW&MH%%?%&E%@ f@{%@%@? sources

tuning element adjustments necessary to maintain the target plasma

11 AENSHEROHIG WHNB RGP AR A6 P QD& ST P MRS SRS RO @H&hﬁ@”@égume to

are acquired and transmitted by appropriately defined metrology dispose

onegéglllﬁm%r %%E&’@&iggﬁ%!gggﬁ%d%ﬁ%ﬂ%%& &QE‘u‘JheaXQi{‘e%r%éQrng&@&ﬁ'eelos or

sma is’ generat Figure 3 is an illustration showing a system
theggggufr% g?tggsqgwglﬁplﬁ%?tgg%%r lc'?ectrode 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



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 trafismit electrode within the chamber

protRibatieH@N iR RIasna Wit itk theacha iber kO LhiRd U ber AfssBalia! ¥ ference

dispersed return electrodes within the chamber 101. The amount of RF

groRRWSLIEANSMIERY 2fRNehe BANICHIALR FaROWGIHNS BRI R BIFE CWYablished

influences a plasma density within a vicinity of the particular RF power

betlBASTHESION HAULARR: FPWmRErRS RRE ROWEN THROSFIEMEUFRE It should be

respectively disposed within the number of RF power transmission paths.

api ARG s WGP RO RAAPIERLARIRG A AHAIS AR A" Alucive
amount of RF power transmitted along the RF power transmission pat

elefihy0 ﬂﬂg‘c')%ﬁt S MRBE SISHL X §&8?ee§6é9§1%&13 %J%%‘Eé%[‘sa&%, B8 3. c4, C5,
system includes a computing system efined to receive plasma
density.monitoring signals from the plasma chamber 101, as indicated by . .

C6 TG SR S TR S A e TR BESE Gapacicive

effccqr&g%lsli neaf{sftagtgl%i\ﬂarious tuning elements along the different RF power
transmigsion paths, as’indicated by arrows 305 and 307. The control
signals serve to control the various tuning elements (adjustable capacitive

[00a Enienis LCHpE21ICR, (B4, \EhpGoadnskidradjusictble iridmetive leleh2nis3Liand the
L2, L3) such that plasma densities within the vicinity of the corresponding

varldbEspaljestitan sapasidnepelhiacae adjusizdd@s,ndaintal) e plasmeaselettsityntrol a
profile overlying the substrate in accordance with a target plasma density

traipiafils aigsed ior the Benpowtirgiayatemid0dhahe22) in onerembotlimerthe various
metrology is provided for directly measuring the plasma density at various

adjefabRindisprisetineatians oventheadapseriace ef Haqusubsiraipadineselements
directly measured plasma densities represent the monitoring signals

C1pided frontHecehambslictaldn thecsRMPYHNGuYSies B0t DARBIR@peration,
embodiment, metrology is provided 13 for measuring the bias voltage at

eacHafiRiSdISPRSRAICAUOAMAGINGS HLHBSUHRCRRuIEC? URF'[(VF(&Q;J hesRmitted
e

measured bias voltages represent the monitoring signals provided from

thré%gwwﬁrﬁ&iema@sﬁﬁmﬂﬁ&wﬂ%mﬁicﬂ%&%mgi%ﬁﬁem disposed.
301 includes a correlation between measured bias voltage on the

ThSWRSH ?B%&ﬂgeﬁll?é Baad ‘f)[h%iltﬁfaoc’l’é?fsmﬁi§ Hﬂ%@é&%r@ﬁ@rﬁeﬁ&@ WingeSYele "RF power

301 is defined to use the received measured bias voltages and correlation

beiff} ASIRIMING AMEVITHNG RIATRILAGNSIEY LIRWE QU IR IR SRR AL  density

substrate. For example, in oné embodiment, a required bias voltage

proffi2fHe ALIORS ﬁik%ﬁﬂ&%&@.t?\/ﬁ% @5@&%19&“%}&9 (AR RIATMAASASIY can be used
profile Is provided as input to the computihg system 301. The computing
t nitors. the bias vo 0 ubstrate to determine if the .
o R e R e e g varous
loc SRS Er%gﬁ‘r%c I, ARRICRTIAte LWninaL element contiol 5 Q@'?‘ot?h%déﬁgé of the
elﬁlfqpo er transmission pathis as necessary to match the measure
bias vaqltage profile on the substrate to the required bias prafile. If the
S B URSUL BYoH 1 MR S0 LB h SOOI Th:Shape of the

1 Elasma 3ensit¥lprofi}3etoverl in ﬁhe substrate will cor{ets ond.t theltarrlglgetdl i
Playnd QU EH Sty I5r SHRE U623 RA BrAG USRS T BKGINERT e ValiSuB HiRTAG cS1tY

ements within the RF power tra ission paths can be either adjustable
profig a@ﬁﬁ%&l gﬁ%%fs%‘rc aﬁ)aiﬁ%lllgbl é)qisnré]{?éf%t —suqastrate reacttlon at JVanaous radial
locations extending from the center of the substrate to the edge of the substrate, and hence

effects the resulting uniformity of the substrate.



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 correspondinglgapacitive or inductive effects

[00&@\@@@9@2!&1%*&Yﬁiﬁﬁls‘%}éﬁ%f%\lﬂh‘%nﬁl@nmﬂ et (BsHRAGN paths being

element control signals generated and transmitted by the computing

corﬁ%ﬁi@@tg%o@ﬁﬁé %Lﬁtgtﬂefﬁysﬁ{é{%%ﬁ?glﬂﬂ%r@e%@ﬂ%ﬁg(}ﬁl@?ﬁ_@@@éﬁ:@gﬂce with one

adjust the physical structures defining the adjustable capacitive

exemplary embodiment of the present invention. In the example embodiment of Figure 2A,
the RF power transmission paths (RP1) extending from the lower electrode 103 (transmit
electrode) to the ground extensions 107 (return electrodes) are controlled to transmit more
RF power than what is transmitted along other RF transmission paths extending from
lower electrode 103 to the upper electrode 105. Therefore, the increased RF power
transmitted along the RF power transmission paths (RP1) cause the plasma density
overlying and toward a periphery of the lower electrode 103, to be greater than the plasma
density overlying and toward the center of the lower electrode 103. Consequently, there
will be more plasma-to-substrate reaction at outer regions of the substrate relative to inner

regions of the substrate.

[0017] 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. 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.



14 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. [0024] To demonstrate the operability
of the present invention, an example plasma process was performed in
which the adjustable capacitive elemért CI of Figure 1B was varied while

[0013) ARELUDIRY SlRMSRIWRLE MARIANAHALASURRIGOH PN BRI depicted in

value. It should be understood that the particular process and tuning

Figﬁl%@fﬁta%%%@ﬁ%bﬁ@gnw AIORIERIERMAP W?ﬁe"iﬂ%ﬁﬁf&%ﬁ@gﬂfﬁ%fﬂe can be

demonstration purposes only. In actual practice, the present invention can

mapfj)ﬁﬁ%‘?i Wit ﬁ“?h%sﬁl%@%'Mé‘ﬂi{f&%‘?‘%ﬁ‘[ﬂgﬁﬁﬁr\é{i@P&Yfﬂul’&h%%iﬁbi’@&i&l%ﬁ that the

ocess parameters, e.g., pressure, gas mixture, gas flow rates, bias,
wnfHR M FIEME W BRHINAS i, S2R PG, AL AL VAINS aRPTARALS R ¢ t
T L B R AR B oI, prosen
invEPRegCiatgd that in agtugl t%ra}ﬁgl‘%%&?ﬁer%ﬁ“'fﬁl&’sf&lﬁec[’e'f'i‘s%@aﬁ%?ﬁgsr%aﬁi% to the
etch rates, uniformity, etc., as a function of various tuning element settings
will be dependent upon the .integral effect.pf other process parameter
o R, TR DA - rEe DRARG oo e B AL gt 10 now
element settings applied during the example plasma process. In.Table 1, . .
the R SRS e RS T LR o, S SR TR s S e positioned
.humber as previously presented.in Figure 1B. During the example plasma .
Wit SRS L [RioBRHUL rRSERTG GROMLERs AOUREL 295 ot PiTstBs Plasma. s
125A-125E are set to provide an appropriate impedance match so that the = |
gengraedae b&%&“&a‘%%@o&%c‘é%?mwst%gﬁ%ﬁea&et ﬁP&H@alrth r‘i‘éSBIEEFﬁ£ relative

without adverse reflection and interference. Figure 4 is an illustration
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adjustable capacitive element CI setting. In Figure 4, the average etch rate
eleclepdss 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

[0041 testiaRierds ShavsrelieciNRIAASWRRSBhEH teFvarBtinNLE Avshadprocessing
etch rate, uniformity, and center etch rate as a 15 function of the tuning

sysRiement §Ebicaracitange. i shewid br anaceriaigddnaf o tHoing €enashtrol the
(Cl) can be adjusted to influence the etch rate results across the wafer.

variUﬁ%r?ﬁﬁ[ﬁg t,@féﬁéﬁfi‘,p{ﬁlﬂ@?ﬂlﬁiﬁéo%ﬁ%iew Oﬁﬁt_rﬁé%%h%nq}ﬁiﬁf&m‘ﬁrough the
density profile can be controlled by adjusting particular tuning elements
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power transmission paths is controlled.

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.



Table 1. Example Plasma Process Settings Process Parameter / Tuning
Element Setting Pressure 80 mT Gas Mixture Ar at 300 scc/min, CF4 at
120 scamin, CHF3 at 40 scc/min, 02 at 15 scc/min

12

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.

[0021] 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.

[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



Bias Voltage 220 V Tuning Element (Cl) VARIABLE Tuning Element (C2)
120 pF Tuning Element (C3) 350 pF

13

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.

[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 321 that

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



Tuning Elements (C4+C5) 56 pF Tuning Element (C6) 220 pF [0026]
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 reactalt gas to generate a plasma over a

elebBUIEaCEDl TT3URSHTats. (He9e SMRLBIBERGURE PR SEMUIPI®, 13) within

frequencies is applled to the reactant gas. For example, a higher

thefC%HHﬁQﬁ)FR%nQH}%%fo?Pﬁhﬁﬁ APRIGS fon RIARMAASRSIY,OaRNIRURTE 2REB07 A.

lower frequency RF power can be applied for bias genération across the
substrate. [0027] The method also includes an operation 503 for

[002dhiteiiseanstaid Ui epaabibisyel 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.

[0025] 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
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



16 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

funthsT & RinP AMSTOE LRI BCTE QPASIERJS, 3PRHGH I ESHREIABY 9RS: the tuning

each of the multiple frequencies of RF power is independently controllable
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controlling the amount of RF power transmitted through the various RF
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elements within each of the various RF power transmission paths. As
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a wide range of processes which vary with process parameters such as
power, pressure, and process gases. More specifically, the present
invention provides a number of tuning elements within the RF power
[0036hLEiglusigrirtiEupifatign theprsmEaaydreeiadnahgd fRrsaarpling a plasma
density profile overlying the substrate, and hence affect a change in
densiygprafiledetadanie 3unbaae. Alsacepelyise ity onsigmussimrebphbifypresent
provided by the present invention provides a wider window for process
inveeiieiodme mathad shidspamameianiniséHefebAspaine RbyPomifsriniareactant gas
concerns. Additionally, through proper plasma monitoring and control of
to gRecyaidcuBlasAinEtemérsspfaceed arbpinity-danibe embwdilaentzdil’ power of
wafer-to-wafer and tool matching can be made easier. [0030] While this
muitipénticnqurasibeen audmdbotd tire tegmtiof gsaveral esoplimentiglicnfiicgeency RF
appreciated that those skilled in the art upon reading the preceding
powprecificatiopsledd stydydng tha dra\wimgsitiiih readl zelvarko GicgltaratiBhspower can
additions, permutations and equivalents thereof. Therefore, it is intended
be tipatitidd@ressrementiondisisdessalisstach alterations, additions,
permutations, and equivalents as fall within the true spirit and scope of the

[OOWHQ "hethod 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



18 CLAIMS 1.A plasma processing system for semiconductor wafer
processing, comprising: a processing chamber defined by walls that
enclose a processing volume, wherein a ground circuit is defined to
extend from the walls of processing chamber to a reference ground
potential; a radiofrequency (RF) powe]rﬁsource; a matching network

powONRERRAQNS s RRWG BN SEispersEERRRIPHOBIEHE QSIS HIRROBEYe (o the top

within the processing chamber, the transmit electrode connected to the

surfRaichingh pefmikawhetsindimyansmibelartrodeis delinedntanamtRbugh a

power to a plasma to be generated within the processing volume;

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.

[0028] 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

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



a number of return electrodes disposed within the processing chamber

and connected to the reference ground potential; a plurality of RF

power transmission paths extending from the RF power source through

the matching network through the transmit electrode through the plasma

to the number of return electrodes; ald a plurality of tuning elements
mahBePeS Vel S RORAMRIN e RIHEANDBE R R PAWES I HERS MASIANPE#1S and the

each of the plurality of tuning elements defined to adjust an amount of RF

tarRPPES IR RR HEAYSIRIFR through an 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
IOOaPEoIm BfprweivienyamrsttEmime lgRce pai0rapaRFpyAELn enable control
transmission path during operation of the plasma processing system, 19
of syhesiiain thafproralitynot trfadasighrdnpsoersitrdeshaehadiistéible prapetsithasameters
element defined between the transmit electrode and the ground circuit that
suchxesntsviomtreesweslisaofltreqerseegsiey darnbipetafthaleféhe newgrounyention
potential, and wherein the plurality of tuning elements includes an
proadjestablenbeiudtive sle rlemedefimebinit Rihegroutrdrsimosiichatagxt émasigh the
from the walls of the processing chamber to the reference ground
plapotentiaiffectda chaugerainplhenpl udatisyto fpwdileg elenyergsthechutlesae, and hence
number of adjustable inductive elements defined within an RF power
affécansnmissign pathnsggment extending fudstitite. nadtchingenpiusark tdetlséy control
transmit electrode, and
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.

[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.



wherein the plurality of tuning elements includes a number of adjustable
capacitive elements defined between the RF power transmission path
segment extending from the matching network to the transmit electrode
and the reference ground potential. 2. A plasma processing system for
semiconductor wafer processing as rddted in claim 1, wherein the
transmit electrode is a lower electrogg upgRswhich a semiconductor wafer
is to be supported in exposure to the plasma. 3. A plasma processing
system for semiconductor wafer processing as recited in claim 1, wherein

the RF power 85i3fER iPERIFAEAS0 HEiRiPatd R SOHeIuRtoNtiplefpEeProcessing,

frequencies. 4. A plasma processing system for semiconductor wafer
COTgPHEEREINg as recited in claim 1, wherein the number of return electrodes

are positioned with respect to the transmit electrode about the processing

volutriEeeRsiingvehemties ¢rbisadaby e tharrnelrse 2019getshat leme, wherein a

plurality of RF power transmission paths are spatially distributed relative to
grothl teatisomhitsefistimoddo extendafptasithg prolbessingpsgssiam ¢hpmber to a reference

semiconductor wafer processing as recited in claim 4, further comprising:
groamsbpptengktem defined to control the plurality of tuning elements to

enable control of RF power transmission through the spatially distributed

RF powdofrensmisdBR)pativsrswehicthat a particular plasma density profile

is established relative to the transmit electrode during operation of the

plasmageboessingsistemected to the RF power source;

a transmit electrode disposed within the processing chamber, the transmit electrode
connected to the matching network, wherein the transmit electrode is defined to transmit
RF power to a plasma to be generated within the processing volume;

a number of return electrodes disposed within the processing chamber and
connected to the reference ground potential;

a plurality of RF power transmission paths extending from the RF power source
through the matching network through the transmit electrode through the plasma to the
number of return electrodes; and

a plurality of tuning elements respectively disposed within the plurality of RF
power transmission paths, each of the plurality of tuning elements defined to adjust an
amount of RF power to be transmitted through an 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,



6. A plasma processing system for semiconductor wafer processing as
recited in claim 5, further comprising: metrology defined to acquire a
control signal indicative of an existing plasma density profile relative to the
transmit electrode, wherein the control system is defined to process the
control signal to determine necessarylgdjustments for the plurality of

tunigg slements,auahdnat theiRadicHarP avmadensity; neiie i@aﬁacitive element

maintained relative to the transmit electrode during operation of the
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density profile relative to a substrate, comprising: a plasma processing

of FRRRELSRTDRCLIE WBIRERASIG ARIRTSSHAGClme within which

radiofrequency (RF) power is to be appliedto a reactant gas to generate a

plasma. Qyer R BREHITECE ARG WORTALIHINE ) A ARUAICRUdSve element
alls am]

defined to extend fronT the walls’of the processing chamiber to a reference

B T T e L

?{%?uatn@e processing volume; an RF power source

processing chamber
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wherein the plurality of tuning elements includes a number of adjustable inductive
elements defined within an RF power transmission path segment extending from the
matching network to the transmit electrode, and

wherein the plurality of tuning elements includes a number of adjustable capacitive
elements defined between the RF power transmission path segment extending from the

matching network to the transmit electrode and the reference ground potential.

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.

3. A plasma processing system for semiconductor wafer processing as recited
in claim 1, wherein the RF power source is defined to generate RF power at multiple fixed

frequencies.

4. A plasma processing system for semiconductor wafer processing as recited
in claim 1, wherein the number of return electrodes are positioned with respect to the

transmit electrode about the processing volume within which the plasma is to be generated



a matching network for matching an impedance of the RF power to be
supplied to the plasma processing chamber; a plurality of RF power
transmission paths extending from the RF power source through the
matching network through the transmit electrode through the plasma to
the plurality of return electrodes, the afount of RF power transmitted
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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
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_transmit electrode, and
in claim 5, further comprising:

metrology defined to acquire a control signal indicative of an existing plasma
density profile relative to the transmit electrode, wherein the control system is defined to
process the control signal to determine necessary adjustments for the plurality of tuning
elements such that the particular plasma density profile is maintained relative to the

transmit electrode during operation of the plasma processing system.

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

a plasma processing chamber defined by walls enclosing a processing volume
within which radiofrequency (RF) power is to be applied to a reactant gas to generate a
plasma over a top surface of the substrate, wherein a ground circuit is defined to extend

from the walls of the processing chamber to a reference ground potential;



wherein the plurality of tuning elements includes a number of adjustable
capacitive elements defined between the RF power transmission path
segment extending from the matching network to the transmit electrode
and the reference ground potential. 8. A system for controlling a
plasma density profile relative to a subdtrate as recited in claim 7, further
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density at various spatially dispersed locations over the top surface of the
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density profile monitoring signals. 9. A system for controlling a plasma
progg&%%/mﬁflill{%.relative to a substrate as recited in claim 7, further
comprising: ~ metrology defined to measure bias voltages at various
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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
within the vicinity of each of the plurality of RF power transmission paths such that a
plasma density profile over the top surface of the substrate is maintained in accordance
with a target plasma density profile,

wherein the plurality of tuning elements includes an adjustable capacitive element

defined between the transmit electrode and the ground circuit that extends from the walls

of the processing chamber to the reference ground potential, and



11. A system for controlling a plasma density profile relative to a substrate
as recited in claim 7, wherein the transmit electrode is a lower electrode
upon which the substrate is to be supported in exposure to the plasma,
and each return electrode is connected to a ground potential. 12. A
system for controlling a plasma densi&zprofile relative to a substrate as
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with respect to the transmit electrode about the processing volume within
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wherein the plurality of tuning elements includes a number of adjustable inductive
elements defined within an RF power transmission path segment extending from the
matching network to the transmit electrode, and
wherein the plurality of tuning elements includes a number of adjustable capacitive

elements defined between the RF power transmission path segment extending from the

matching network to the transmit electrode and the reference ground potential.

8. A system for controlling a plasma density profile relative to a substrate as
recited in claim 7, further comprising:

metrology defined to directly measure an existing plasma density at various
spatially dispersed locations over the top surface of the substrate, the measured plasma

densities representing the plasma density profile monitoring signals.

9. A system for controlling a plasma density profile relative to a substrate as
recited in claim 7, further comprising:

metrology defined to measure bias voltages 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 the
measured bias voltages and the plasma density profile relative to the substrate, the
computing system defined to use the measured bias voltages and the correlation to

determine the plasma density profile relative to the substrate.
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10. A system for controlling a plasma density profile relative to a substrate as
recited in claim 7, 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.

11. A system for controlling a plasma density profile relative to a substrate as
recited in claim 7, wherein the transmit electrode is a lower electrode upon which the
substrate is to be supported in exposure to the plasma, and each return electrode is

connected to a ground potential.

12. A system for controlling a plasma density profile relative to a substrate as
recited in claim 7, wherein the number of return electrodes are positioned with respect to
the transmit electrode about the processing 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.



