Vari abl e Vol unme Pl asma Processi ng Chanber and Associ ated Met hods BACKGROUND
OF THE | NVENTI ON 100011 Sem conductor wafer ("wafer") fabrication often

i ncl udes exposing a wafer to a plasma to allow the reactive constituents of
the plasma to nodify the surface of the wafer, 5 e.g., renove or etch
material fromunprotected areas of the wafer surface. The wafer
characteristics resulting fromthe pladnma fabrication process are dependent
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wi ndow achi gy aldeiifera given plasma chanmber may require the use of an
al ternate pl asma chanber having a different physical hardware configuration
and corr estﬁwuqmoywcﬁ frf sviabent fabideapipip decledonppitheiaing] ® @B ickt peruwefrerind and
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P ﬁereb control the etdh un(x:ta mety acro%s tIxe waqjer‘ elpre\Bous rT?asma processing

techniques have attempted to establish a process window for a particular plasma chamber

configuration that will yicld an acceptable etch uniformity across the wafer. Such a
process window is traditionally defined by parameters such as a pressure range, a gas flow
20 range, a wafer temperature range, and a power level range. Experience indicates that a
given process window is limited by the physical hardware configuration of the plasma
chamber. Therefore, a plasma etching operation that falls outside of the process window
achievable with a given plasma chamber may require the use of an alternate plasma
chamber having a different physical hardware configuration and correspondingly different
25  process window.,
{0003] Procurement and maintenance of multiple plasma chambers having different
physical hardware configurations in an effort to increase an overall plasma process
window capability can be prohibitively expensive. Therefore, a solution is sought to

expand the process window capability of a given plasma chamber.



SUMMARY COF THE | NVENTI ON [ 00041 In one enbodi ment, a plasnma processing
chanber is disclosed. The chanber includes a substrate support having a top
surface defined to support a substrate in a substantially horizontal
orientation within the chanber. The chanber also includes a 5 nunber of
tel escopi c menbers di sposed wthin the chanber outside a periphery of the
substrate support. The tel escopic nenbérs are al so di sposed to be
concentric with a center of the top surface of the substrate support. Each
of the tel escopic nenbers i SUdMAREOR DHRANVEdapordent |y noved in a
substantially vertical direction so as to enabl e adjustnment of an open
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plasma condition. The system further includes a control system defined to direct

20 movement of the number of telescopic members, in accordance with the signals to be
generated by the metrology, so as to maintain a target plasma condition within the open
volume,

[0006] In another embodiment, a method is disclosed for substrate plasma processing.
The method includes an operation for placing a substrate on a substrate support within a

25  chamber. The method also includes an operation for positioning a number of telescopic
members, disposed within the chamber ocutside a periphery of the substrate support, so as
to establish a prescribed open volume above the substrate support. The method further
includes an operation for exposing the substrate to a plasma within the open volume
above the substrate support.

30 [0007} Other aspects and advantages of the invention will become more apparent from
the following d.  led description, taken in conjunction with the accompanying drawings,

itlustrating by way of example the present invention.



BRI EF DESCRI PTI ON OF TEE DRAW NGS Figure |Ais an illustration
showi ng a vertical cross-section through a center of a plasnma processing
chanber, in accordance with one enbodi nent of the present invention;

Figures 1B-1D are illustrations show ng a downward sequence of telescopic 5
menber novenent in the chanber of Figure IA in accordance with one
enbodi nent of the present invention; 3 Figures 1E-1G are illustrations

showi ng an upward sequence of tel escopic nenber novenent in the chanber of
Figure I'A, in accordancB8rEF DrstRIeThON OFETHE IRAWENGS esent i nventi on;
10Figure 2 is an illustration show ng telescopic nenbers of varying radi al

t hi ckness, in Heaer hicen WusTHRUOAShewbe @i viseice! opsstisetion bsagh ajasviened an;
Floure 3 bl phdcbdilIcbd 00, SROUBMCL BhESRORLGodRIRCI el MlBfioRN2PE, 1
accordanc® W th one odr nent of -t he present 1 nvention; i gures
4A- 4B are il | uBignasi Uhs Ds howilngiraiooh ahtvemg havowgwardmeagabihoe off mdescasc

150pposed to.tel escopic er I, accordance with ane enbqdi.ment of the
or enons 1 BT Biyerent i e mgereof HIEE AT P Seast SSRGS &ltber
includingﬂkqhg§ggahﬁﬁaﬁpbers having a hone position defined within a region
of the chanber below the top surface of the substrate support, in
accordance wi t Rigyree HRilGdiarfeflusaptianseshomingedp wnwasht segpencocef flegednia 5B- 5D
ar e 1 | | US bR RO the e B iR R i CrcBlrahitk SR BOR Conf B BV ement
in the chanber of Figure §A, I n accordance wth one enbodi nent of the
present i thegmésentripvention,

10 Figure 2 is an illustration showing telescopic members of varying radial thickness,

in accordance with one embodiment of the present invention;

Figure 3 is an illustration showing telescopic members of varying shape, m
accordance with one embodiment of the present invention;

Figures 4A-4B are illustrations showing a chamber having a movable liner as

15  opposed to telescopic members, in accordance with one embodiment of the present
invention,;

Figure SA is an illustration showing a chamber including telescopic members
having a home position defined within a region of the chamber below the top surface of
the substrate support, in accordance with one embodiment of the present invention;

20 Figures 5B-5D are illustrations showing an upward sequence of telescopic
member movement in the chamber of Figure 5A, in accordance with one embodiment of
the present invention;

Figures 5E-5G are illustrations showing a downward sequence of telescopic
member movement in the chamber of Figure SA, in accordance with one embodiment of

25  the present invention;

Figure 6 is an illustration showing a plasma processing system defined to control
the position of the telescopic members within the chamber in a dynamic manner
depending on a condition of the plasma, in accordance with one embodiment of the
present invention; and

30 Figure 7 is an illustration showing a flowchart of a method for substrate plasma

processing, in accordance with one embodiment of the present invention.



Figures 5E-5G are illustrations show ng a downward sequence of tel escopic
menber novenent in the chanber of Figure 5A, in accordance wth one

enbodi ment of 25the present invention; Figure 6 is an illustration
showi ng a plasma processing systemdefined to control the position of the
tel escopic menbers within the chanber in a dynam c nmanner depending on a
condition of the plasma, in accordance4w th one embodi ment of the present

i nvention; and 30Figure 7 is an illustration showing a flowhart of a

met hod for substrate plasma pDETIEEDdESCRIZTCONDance with one enbodi nent
of the present invention. 4 DETAILED DESCRIPTION [0008] In the follow ng
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a plasma processi ng chanber 100 ("chamber" hereafter), in accordance with
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chanmber 1 ' [ “ Nt di.al Y. The. chanmber
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species that are in turn L
1s fluidly connected to an opening in the top of the chamber 100. The plasma source 103

is also fluidly connected to a process gas source, as indicated by arrow 113, The plasma
source 103 functions to transform the process gas into chemical species that are in tumn

15 supplied to the chamber 100 so as to establish a plasma 107 within the chamber 100. The
chamber is further defined to be fluidly connected to a vacuum source, as indicated by
arrow 115, to enable discharge of the process gas from the chamber 100. In most cases,
the plasma source 103 creates a majority of the chemical species of the plasma 107 used
for etching a substrate 111, e.g., a semiconductor wafer,

20 {0010} The chamber 100 also includes a top liner 105 having a contoured inner surface
defined to optimize a flow of the plasma 107 from the plasma source 103 into the
chamber 100. Also, in onc embodiment, the top liner 105 is defined to be heated. It
should be understood that the shape of top liner 105 as depicted in Figure 1A is provided
by way of example. In other embodiments, the top liner 105 can assume essentially any

25  shape necessary to facilitate the plasma process within the chamber 100.

[0011] The chamber 100 further includes a substrate support 109 having a top surface
defined to support the substrate 111 in a substantially horizontal orientation within the
chamber 100. The substrate support 109 is defined to be stationary within the chamber
100. In one embodiment, the substrate support 109 is defined as a pedestal incorporating a

30 mechanical substrate clamping mechanism. In another embodiment, the substrate support

109 is defined as an electrostatic chuck (ESC) incorporating an electrostatic substrate

clamping mechanism.



15 supplied to the chanber 100 so as to establish a plasma 107 within the
chanber 100. The chanber is further defined to be fluidly connected to a
vacuum source, as indicated by arrow 115, to enabl e discharge of the
process gas fromthe chanber 100. In nost cases, the plasnma source 103
creates a mpjority of the chem cal species of the plasma 107 used for
etching a substrate 111, e.g., a sem cbdnductor wafer. 20[0010] The chanber
100 al so includes a top |iner 105 having a contoured inner surface defined
t o opti m Z48012] fAdditionsllyt, he @lcasmbodifiént niamstserapl appartsudr ceddfBdi it @ t he
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substrate gouug?géog 109, thereby enabling the RF powered substrate support
109 to geﬁer dditional plasma 107 at the substrate 111 level. [0013]

Fur t her no@14] ThoanHEHOTH ARMEL inélhdes SUREIHEAS RelBsHOPR Mherdids ZaDb IR, The
tenperature controll ed. For exarg_)l e, in _one enbodi nent the tenperature of
t he subst Feéqsgo;gﬂwgybgrs £a92b, 2¢ are disposed within the chamber 100 outside a periphery of

20  the subsirate support 109. More specifically, an innermost one of the telescopic members
2¢ is disposed to circumscribe the substrate support 109 at a radial position outside a
periphery of the substrate support 109. Also, the outermost telescopic member 2a is
disposed to be adjacent to the side wall of the chamber 100. Furthermore, the telescopic
members 2a, 2b, 2¢ are disposed within the chamber 100 to be concentric with z center of

25 the top surface of the substrate support 109. Although the exemplary embodiment
depicted in Figure 1A shows three telescopic members 2a, 2b, 2c, it should be appreciated
that other embodiments can utilize essentially any number of telescopic members,

[0015] In one embodiment, the telescopic members 2a, 2b, 2¢ are defined as concentric
cylinders. However, it should be understood that the telescopic members 2a, 2b, 2¢ can be

30 defined by other geometric shapes, so long as the telescopic members 2a, 2b, 2¢ are

| concentrically disposed with regard to the center of the top surface of the substrate

support 109 and are disposed outside a periphery of the substrate support 109.



15 can be controlled such that a tenperature of the substrate 111 present
thereon is naintained at a prescribed tenperature within a range extendi ng
from about -150C to about 100C. 10014] The chanber 100 further includes a
nunber of telescopic nenbers 2a, 2b, 2c. The telescopic nenbers 2a, 2b, 2c
are di sposed within the chanber 100 outside a periphery of 20 the
substrate support 109. More specifical by, an i nnernopst one of the
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at a radi 3001BdEatt athowlsiae aepbers phaby2ok dtfreedsobs frdapendsmppostedi09.
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support 169pport6l0200161 Each of the tel escopic nembers 2a, 2b, 2c is defined

to be Ibnd(?é)(ﬁr}ﬂg\%{d%ﬁx{ﬁgx%ﬁc@ bRionH g g;%&ﬂaﬂic%lﬁ%&ff%ﬁﬁi:xﬁa&f L LR ﬂe?%h?s?c s to

enabl e "adj ust h“open vol une ove surface o e’ substrate
support 1@8nfiduirdion ched diyarhbnl ddjtstmbitt hiutcttsdpiampmbers 2 e2b, Rhaffects

adj ust nent_ of the n vol.une aboye the top . syface t he subst.rat

support 10 Blaggd ﬂ‘gﬁgﬁﬂﬁ’é‘“?% aGRsSF UbSHRaLS: H&f Lf{"?fgf%ﬁ{ﬁ%erﬁﬁiiﬂoé PR% or the

pl asma 10 fhNetclddpid MEmB&aTREL, 20Qan Aéldiddi BNdld the plORENJT RFif@mifyNRross
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substrate 111, and correspondingly tune the etch unlfornlay across the
subst r at e 2b12c is defined within an upper region of the chamber 100. In one embodiment, each of

20  the telescopic members 2a, 2b, 2¢ should be in the home position to enable transfer of the
substrate 111 in and out of the chamber 100. Each of the telescopic members 2a, 2b, 2¢ is
defined to be independently moved downward from the home position so as to enable
adjustment of the open volume above the top surface of the substrate support 109, which
is available to be occupied by the plasma 107.

25  [0019) The telescopic members 2a, 2b, 2¢ are defined to be moved in a sequential
telescoping manner so as to avoid formation of a plasma pocket outside either of the
telescopic members 2a, 2b, 2¢c. To ensure that such plasma pockets are avoided, each of
the telescopic members 2b, 2¢, other than the outermost telescopic member 2a, is defined
to have its movement from the home position limited to a position of its immediately

30  surrounding telescopic member. For example, telescopic member 2b will have its vertical

movement from the home position limited to the distance that telescopic member 2a has

moved from the home position. Similarly, telescopic member 2¢ will have its vertical



15 Al so, because the vertical position of the tel escopic nmenbers 2a, 2b, 2c
can be adjusted either prior to or during a plasma process, the plasma 107
uniformty across the substrate 111 can be correspondi ngly adjusted either
prior to or during a plasma process. [0018] In the enbodi ment of Figure 1A,
a honme position of the tel escopic nenbers 2a, 2b, 2c is defined within an
upper region of the chanber 100. In on& enbodi nent, each of 20 the
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2¢ movemenhe faf éaqmta@s%bgi%-rﬁaﬁwtzaj 812 2c Thh Be WPURY erBie $35066n BEweel g9 COpi C
menber novenent 2a, 2b, 2c, 1s depicted in Figures 1E through I1G [0020]

Fi gur e 1B homcapositiohumidr ¢ ifidh dewowindgextidng sohimpeas plegnapetketsedresvoided menber

2a noved do rd fr e hone sitj o Ser i gat g | t
shou|égbe°£§%$§@ggvgﬁg%ﬁgScﬂﬁfﬁggﬁﬁ% ae?%é%ogbggﬁgﬁﬁgga épggkgﬁg&ﬁ%%s bei ng
nmoved to isteppdruhdtodRpriesmm\aiedvacixbiend det@athing thetphecidentlsavpiicherbpes 2a,
2b, 2c can be nobved a di stance hgss than its f. downwar d_ext ent. . For

| |
exanpl e, ivRluEHeatwNe G iPBTRace o B SEbSUAL YPPITS lIIQJ% & Po constpled Aeliodhe ¢ he

tel escopi G RRADS S ra€@ of 4BrticAposildf a%g@»%’i OO Tl G8shid MmenREs 21, lgdosuch
t hat each tel escopic nenber Za, 2b, 2e can be at any vertical position

bet ween i treprésoneprpesss ddpondephplrimetefsul | downward extent, so |ong as pl asma
pocket,s ar, i ded. 15 out.si de. ei I [ 2b, 2c.
The sPPok oML FISEE1 o0t e By a7 o The WA F L 7§08 eBHD ieton =00 €

i n det er mipidveg doh@wpfdetbiaane ssmuipbkitivdi 2 Hindibeedpe Arrvel L3EFghay ED tihen t op
surface of the substrate support 109 can be controlled. Al so, the anount

and rate oHusiiatien hawingodrchyibead Pl stiheRlescopicREmbeE Ze RS dowRE M, 2b,
2c represept 1,BRLEGRIRIoHCRE RAEdPB) AT 5. Again, it should be appreciated that

telescopic members 2a, 2b, 2¢ are moved downward in an outside-fo-inside sequence.

25 [0022] Figure 1E is an illustration showing the chamber 100 with telescopic member 2¢c
moved upward back to the home position, as indicated by arrow 127. Figure 1F is an
illustration showing the chaniber 100 with telescopic member 2b moved upward back to
the home position, as indicated by arrow 129. Figure 1G is an illustration showing the
chamber 100 with telescopic member 2a moved upward back to the home position, as

30  indicated by arrow 131. Again, it should be appreciated that telescopic members 2a, 2b,

2¢ are moved upward in an inside-to-outside sequence.



20[ 0021] Figure ICis an illustration show ng the chanber 100 with

t el escopi ¢ nenber 2b noved downward fromthe hone position, as indicated by
arrow 123. Figure IDis an illustration showi ng the chanber 100 with

tel escopi ¢ nmenber 2c noved downward fromthe home position, as indicated by
arrow 125. Again, it should be appreciated that tel escopic nenbers 2a, 2b,
2c are noved downward in an outside-toginside sequence. 25 [0022] Figure 1lE

is an illustration show ng the chanber 100 with tel escopi c nmenber 2c noved
upwar d baggskp Alh6uhOME tReRbpit AemiRss ADoCaE 66 dypictddr@Widadds 1 Kidugh 1F is
an illustration show ng the chanber 100 with tel escopi c menber 2b nmoved

upwar d badk asohavies hotesiawsly isemilar gadighdickagsedinpgther prabpdipents thegipdw! 10 i s
an il lustrat, iy N . 0 .t ot SE:aRI.C -noved
pver d- adho S RE SHndich: HRTREL o4 o Mo Sl GoeFp e Bt TP A Tt 0,
shoul d be shpping chathathbbh a0 inedbrpsmtpg clevenbensmders 22b2b,2c enernimy adialipwar d
in an inside-to-outside, sequence. 8 LO 23%} ttgou h the tel.escgrgitg menber s
2a, 2b> 28MgFEsHeli AtRHARC AV LIRS FROYHPEUGRT 18° AL °HAYIRG Y% ubst B8Rt i al |y
simlar ragisghintcl 6KMgES.2, lefch0dMBE 1RabEN MRAbErs A28, adiialefitddakmassa of each
tel escopi ¢ nenber 2a, 2b, 2c can vary, Fi‘%re 2 1s an illustration_show ng

t he chanbdliffergn radidshislorass pusl that|teestegisl thickapasex shoplgieseppic mempgrs ¢ard ng
radial 5 I .l _ I W i Nt

| vent i on 2R ) BoREEATAAN R RIGRE IR Bl I B R et s
2a, 2b, 2enibsdidehi, ned virdosavlescapdi mbwbantara definatl to Hiaek nessstiatiycthe shmt t he

radi al_ _thi ckness, of the .tel escopic ers 2a, 2 2e in ases W

i ncr edfed YPHMathesdyi EIYHP$ gTe gl ﬁ%‘ﬁ% 9Bt |’§f‘oé igﬁ]boblgc{ Eef ?g}dft%g'anot her
ermbodi menty,; WYerMATé1Qespit HhARRO BiiCknBRISViSesairRer deftidl ottt @ banentefsat i al | y
the sane 10 volume, thereby requiring their radial thickness to vary. Al so,

i t shoul d open appwmecpearbing Hist togi serem! he|sEREBH EURERLEY: LT ckiiBwL,
provi des i Nliof 8R! RheOkfkedill HRLBENLS dlifhd: hEuOPERALUIBviae kg the

top surfade’ o he "substrate support For exanpl e, provision of a inner
t el escopi eonwsthesr afustthém néthe pael atumbaciiabls forphoplasies1dor finer control

over adjustpent of the en volu vai | abl e for the, pla Y/ 0024]
I'n ondSent8¢i¥hdnene ‘é‘ﬁ}&?ﬁ’gf&t ?P@Ltog%@%%f)‘ioemr%%%efssﬁazg?’ %Qb{%r@é&%s&?%?l’ned from
an el ect rigaldig eBtiehive/ MatRbesidels ddtidaBy ebertkd call gowdnpreitatl Hoo a
ground potential’. For exanple, in various enbodinents the tele

scopi ¢
nmembers 2axample, iRyageys dreofangnisthe felasrapiqReRbers iy Ascay rf?"r‘?@ﬁﬁi]ﬁ“gﬁlﬁﬁdi zed
al uminum ¢oat achyaL UTHAN, ABROG BLARS, bl Aol anRRRLARIAIAoubOever,
trﬁer’eng Sthe te

that in o odi men escopl ¢ nenbers 2a, 2b, 2c can 20 be
formed franappseiatet sidwevanhanimtogher efmabdiments drepalesdopie mennlers Pre 2p) ssa

br ocesz%i n%ee o¥rin<r:é) r}rrcra?nn%ssgrrlt?a?l?/nz{nywr.n%tgi that r1]se cglplga%?er w]“tgothe plasma processing
environment present within the chamber 100.
[0025] The electrically conductive telescopic members 2a, 2b, 2¢ can provide an RF
return path for the RF power emanating from the substrate support 109. Therefore, the
vertical position of the telescopic members 2a, 2b, 2c, i.e., the proximity of the telescopic
25  members 2a, 2b, 2¢ to the substrate support 109, will influence the directionality of the
RE power transmitted through the chamber 100 from the RF powered substrate support
109.
[0026] When all of the telescopic members 2a, 2b, 2¢ are in the home position, the
plasma 107 volume at the substrate 111 level is the greatest, and the distance between the
30  substrate support 109 and the grounded side wall of the chamber 100 is the greatest.
Therefore, when the telescopic members 2a, 2b, 2¢ are in the home position, the RF return

path to the grounded side wall of the chamber 100 is the longest. Consequently, the RF



[ 0025] The electrically conductive tel escopic nenbers 2a, 2b, 2c can
provide an RF return path for the RF power emanating fromthe substrate
support 109. Therefore, the vertical position of the tel escopic nenbers 2a,
2b, 2e, i.e., the proximty of the telescopic 25 nenbers 2a, 2b, 2c to the
substrate support 109, will influence the directionality of the RF power
transmtted through the chanber 100 fremthe RF powered substrate support
109. [0026] When all of the tel escopic nenbers 2a, 2b, 2c are in the hone
posi tion, _c&{b%ng by 1T @408 bt 106 84 BSE §i88 Gall bE teeMalnbbS10NR 8¢ eat est
and the distante between the 30 substrate support 109 and the grounded side
wal | of t keestchaufivent. 100 is the greatest. Therefore, when the tel escopic
menbers 2 2c are in the ho 0si tion : t he
gr ounded i‘qﬁgéPmept ‘TOYtﬁrete%ﬁ%) Ce‘?‘grfggsj‘las]o?ﬁfes’ fhggié%gntcg% H%E%%e%? %‘%‘f‘; th
9 coupl i nguhetvEBMNddhBe SHhimt rtatisuppdfettiviedprednckd Herebydecrasing o Rhe
chanmber 100 is the |east s;&nificant. 50027%ﬁvm$n t he outgf felesco iC
menber 5 2a cpupkise ! thenrerighey Hhdle HRETRe AUPRE W ¥PIc@rEEpOrey 184y t he
ground po ' ' i - &L RRYpHIHE [ @A sNBe Hh&dIRID
coupling g% : ezbg?ipn§&§h8¥gkﬁgﬁgﬁﬁ§$§gfg$guppo?% 109, which

cor r espondicnigher télpssppia sesntiereiptddearcserrtivngird pwgreds fe Bosquphies ¢ the t he
substrate support.109. t ) t i ORY s 2b
and ze. SRR by Sunffed Bpali S el e P o T e R R e
subst r at e prdRRQ0Y udif@miecoTEsthesistardupymitel 09raehsibstraih Er g Changges asbe pl asma

107 uniformty across the substrate support .109 nd substrate |LI)
changéd$§ agenﬁiﬁé positions of the teﬁescopic members Za, Eb, Zc are 'gcﬁlus?ed? 1.€., as e pmxnm)ty

e RF

of each grounded telescopic member 2a, 2b, 2¢ to the substrate support 109 is adjusted.
Since a higher plasma density usually corresponds to a higher etch rate on the substrate
111, the telescopic members 2a, 2b, 2¢ provide an effective way to tune the etch
uniformity across the substrate 111. In other words, grounded telescopic members 2a, 2b,
15  2ccan be used to correct an "edge slow" problem found in some plasma etch applications.
[0028] In another embodiment, each of the telescopic members 2a, 2b, 2¢ is formed from
a dieclectric material, i.e., clectrically insulating material. For example, in various
embodiments the telescopic members 2a, 2b, 2¢ can be formed from a dielectric material
such as aluminum oxide, aluminum nitride, or silicon oxide (quartz), among others. It
20  should be appreciated, however, that in other embodiments the telescopic members 2a,
2b, 2¢ can be formed from essentially any dielectric material that is compatible with the
plasma processing environment present within the chamber 100.
[0029] In contrast to the electrically conductive telescopic members 2a, 2b, 2¢ previously
discussed, the diclectric telescopic members 2a, 2b, 2¢ block RF coupling between the
25  substrate support 109 and the grounded side wall of the chamber 100. When the RF
coupling between the substrate support 109 and the grounded side wall of the chamber
100 is blocked or reduced, the plasma density is decreased at the periphery of the
substrate support 109. Therefore, as the dielectric telescopic members 2a, 2b, 2¢ are
lowered, the thickness of dielectric material between the substrate support 109 and the
30  side wall of the chamber 100 increases, the intensity of RF coupling between the substrate
support 109 and the side wall of the chamber 100 decreases, and the plasma density at the
periphery of the substrate support 109 decreases. It should be appreciated that because the



10 vertical positions of the tel escopic nenbers 2a, 2b, 2c are adjusted,
i.e., as the proximty of each grounded tel escopic nenber 2a, 2b, 2c to the
substrate support 109 is adjusted. Since a higher plasma density usually
corresponds to a higher etch rate on the substrate 111, the tel escopic
menbers 2a, 2b, 2c provide an effective way to tune the etch uniformty
across the substrate 111. In other worlds, grounded tel escopic nenbers 2a,
2b, 15 2c can be used to correct an "edge slow' problemfound in sone

pl asma et dhleap‘pnl tieladoponsemb OO 28,1 2%, 2 cacrnt depve e nbdictie e plasmaciengty 4t hige

tel escopic roma dielectric terial, i.

el ectri caPF‘g’ﬁ’l ‘ifs}éet ?‘W@tr%f@rpf’ﬁ%g #Es%g%gmﬁﬁ%m?mcwmbsﬁgagﬁq,?ap%m s the

t el escopi gsdiBIBE kSt ZR7ed2D fasPGrébadn Bk of 5526k §150M aciigpliesiionsc material such
as alum num oxide, alumnumnitride, or silicon oxide quuartz) anong

others. 1100381 Brasorher pmbedipreele pached thenglkaspetc membgrs 2a 29t Peeandiiotnerent s t he
t el escopi g APERRE sanz‘?[ectggﬁllgz&nﬁﬁﬁvﬁ%gt TR 4 ORIBCRRS fllfekial | Vo iy B! €t T i C

material that 1I's conpati sma processi ng environnent present
wi t hi n t helahgnbaembed Za[ﬂﬁzglogemecmptesaﬂ;h chmbinhgorebedéatiicadly leynduonehict i ve

tel escopic ers 2a, 2b, 2 revi ously discus the dielectric

t el escopi &* ﬁ%gﬁpg é&c’w%‘ﬁ mefﬁ’ Bgl EE’kexﬁﬁp U’pﬁ”}ened"ﬁb)gfmnth? Hlé’e’z‘fieé?ﬁﬂéﬂt rate
support 18Ruaed 28 en Beoprdead ivhde datdiri®mkdRl hamrr oth&@Ocurheisédpe RF
coupling between the substrate support 109 and the grounded side wall of

t he chanb&rembes Zagng2bdwaeddron ayeleetrcallyirengucayermatpsigh il (his embpslimenised at
the pesi pher e diglectric
Lol ebtpt e dectical DSoRMBELE S SUBRALL ol Pte| Rl nBiBere 38 M 61 ¢

mat eri al bevwk&omtthar bobs poaﬂxcm muqqmsntonb@@(mm@ to ltiee ;&@prwr@l@fﬁ&l slubm‘atd he
chamber 100 i ngr n5| of RF betwee bstrate
Coorort 189vaR 08 ARRE; PR aRoginh S nftufiCBe AderBa SRR L A bl aerm
density amobvbE a RRIIRNES the Qifistzld&@ o ¢tk hake powitieetd ORI egkeRRISSsitioh. Shoul d
be appreciated that because the 10 dielectric telescopic nenbers 2a, 2b,

2c can sefbus, ipthisempodingd the auerelerdreaily 90%“‘3&1%@18&‘%@}%&?‘?‘3% 23 sd Bubst r at e
suppog 109, mc%’%@ tn?in@nleﬁ&tthé tc‘ébﬁﬁ&g%ﬂh% EEAREY éﬁ thé sul%ﬁate %ﬁpé)%?trl 098yIRed tO

correct an pro sone pl asna pplications.
[ 0030] | nﬂanmnd:redleiecmodncmbﬂr 2cemcinowdd & Hinited| @staan;ﬂ © nﬂnbmesthaa/ohmm 2c can

be forned frameither an el ectricall uct. ve terdal or

di el ectri f’:va%ﬁ lgg?rﬁqasr'&ﬁ?ﬁwt ?@ tr?{imuapgmé%gﬁ&g ﬁ]?a] ?%TE’EE{F' Cé’E’iplomf’t:%tﬂ?)eget her
repr esent p@igheRimad btk sepRet 109C &l shyulg @8 dpsretivRd A tittl Soeetedefibed

tel escopi ¢ nenbers. For_exanple, in one enbodinment, the inner tel escopic

menber 2cesbedimeant i pogided di wali of] Pl hethe anbwlmﬁntﬁ hideolelsesorsut er
tel esgpi ﬁqle%géa%%@% b 2Be1frRh Q?Qlffefam&ﬁbaﬁétﬁﬁg bF 8Rlekdic GARdIdedicy

mat eri al . hi's’ ‘enbodi ment, 10 the electrically conductive (and ié’rounded)
out er tel ezdlogive mammémm@maarbd pRliticmad iha@nymymberfaf ovays h?e1>ausm)nmtpdsu tion to

a position xi,mate to her the substrate s t 109. Al so,
"o hi s oGhPHER P pd ol R St or b e UM hEmBHT L ek e o
a portionjeaB1f Hiafde sécdnbmalibs Bhists tHOpRizaD gt moRclles hidsrabishlsWwithih eded

position. Thus, in this enbodinent, the outer electrically conductive
t el escopi giaﬁgrﬁt}g? Joohe Bepfrabiged at cach surface within the chamber 100 regardless of

25  whether the material at the surface is electrically conductive or dielectric. Therefore,
surface recombination causes the plasma 107 to be extinguished at each surface within the
chamber. Consequently, movement of the telescopic members 2a, 2b, 2c relative to the
substrate support 109 affects the plasma 107 uniformity at the substrate 111 level.
However, surface recombination is considered to be a second order effect on the plasma

30 107 density, with the RF coupling representing a first order effect. Therefore, for the
electrically conductive and grounded telescopic members 2a, 2b, 2c¢, the surface

recombination effect associated with the telescopic members 2a, 2b, 2¢ serves to temper



15 are noved to increase the RF coupling at the periphery of the substrate
support 109, while the inner dielectric nmenber 2c is noved a limted

di stance to influence the volune available for plasnma above substrate
support 109, w thout blocking the RF coupling at the periphery of the
substrate support 109. It should be appreciated that the above-descri bed
enbodi nent is provided by way of exanplle. In other enbodinents, the

tel escopic 20 nenbers 2a, 2b, 2c can be defined as different conbinations
of di el ecttd wcramd ieplstr il 0aldénsitg onttie ptriiphenynefttee subksate anpgorrd P9 beuspdsy t i oned

in any nunber._of wa 0 cause, a particular effect on the plas vQl ume and
RE coupl i fsreast g v Spioies boREhites FyRAE rBBPel Y] Boa Tl SRR

r econbi natndbeeARls €%, RBECHORIER fgafe QS aSesddifc hadiverl S, Wbl bé nht he

pl asma 107 to be neutralized at each surface within the chanber 100

regar dl es$widice rospmjgination cffes cisypgiatad; with dhe telpweopigmperelers 22, @beta yerwalte y
conducki v -4 LL; r : f i i e

o1 asma 10T B Bt Al s e o b AR AR 169
Consequentchysed pvkerdetreast it RE ¢omphimg bgiveemthelrabgraBasuppbrt 128 anéltlat side to t he
substrate suppart 10 ffects the plasma 107 uniformty at the substrate
111 |eva.w4¥¢ﬁ§&9?“@ ?¥ch reconbi nation is considered to be a second
order eff ¢ed32pAst & ublcdSiBBve, IBsiliBding @TIhé Yelesobpib rhdigbdrf 26020 dcnghables
representing a first order effect. Therefore, for the electrically

conduct i vadapenest ofi Higeeponelobigpd oy el yirenibe rsybsiesle supponicl 09t apd subptiaie éll

reconﬁb”a'singﬁn%& fRGLoR SRR g&ﬁﬁon%%t Brl tél@écS%iEQrgia&béPE%?rzﬁ 32, erabies 2C
serves to tenper 11 the increase in plasma 107 density at the periphery of
t he subst rdiustnsuppdiitc REXooplirgeat thy pehiphdrpof dbs eulistraiRFsupparp 1 DR gthbebyween t he

substrate sypport. 109 and.the tel escopic nenbers 2h, 2c. Conversely,
for i he! gieaithRe e P LBl Meshl, BRRERs ST B RSY tou B a RO na i o
ef fect asgogiatesbidd 11 F@pF@kcﬂsaﬁﬁbﬁ. BRG] A postioniRC of @i/ @fesbéhic 5
intensify the decrease in plasma 107 densitg}at t he periphery of the

subst r at e TAFPIEY 22. 29 26 488 &6 U5§ thBINGTheBRIPTIHY RETOEH Ui RE TR L hbeRY t he
substrate Ofnk téig&oﬁ'fadm&ggerf haey el 0fnd BEwE hﬂ%i; Sss%%otoz(%e@ e £

di scussed above, positioning of the tel escopic ne 2Cc enabl es
adj ust mentpogifiont bitho pdescorst mnembes @) b, Agthahprosidbsthe bt# ewh ppdoerimityGQraand

Substrate 111, 1 pported thereon. Also.. i ti.oni of the telgscopic
ronber o oae spstde THRBS stSects FlefRBy Mgt Siind 2hliaih ik SlestoP MR Dhery
of the subg!riRtR SUREWL pokiBned REFRD YN @PARLIMNEAIELE beiwiA thObpdnh@hphas ma

density at the periphery of both the substrate su gPrt 109 and substrate 11
suppor t ed overbiithe shsueguenrpety 10p gt the mragmey afhiiet BF dowsisdcsubeifier s 2a,

2b, Zggca@wﬁgpq%g@)Egﬂhgﬂgoéﬁﬁﬂ_unifornity across the substrate 111. By 15

novi ng the tel escopl ers 2a, 2b, 2c up and down, it is possible to
det er m ne [@033b &ishowd befinddngoddethetsdibpigh theedsepdar? feles@pic BembbratZapibol¢ des t he

best etch ,uniform ac t he_substr at 11 for_a.process,chemstry and
oot pe. _ BSEBHER R LATE: BUEASHE Sirlb 87 3 LonbmtORRRR oT raISE LY oned
to find ari&nid JAURERAlIREEEr Heiotaaehtd e tReshiy Bletifers@4eT, Pt bgh bhdfawbst r at e
support 109 and the proximty_ of the RF powered substrate 20support 109 to

he p . )
a ground pothaye differenbodapes) (Figpeut dsp@ dHemtenotropimng the heon

| : i b i in Fi y d 2
exem zg(r)ygﬁec%gp%z%ﬁ 'ezgxtegai%g#e%&n@@m 28b2p, 26 &%ﬁhgghdpe, fi b RsnckAvliBoaRd 2 are

series of hollow right circular cylinders, in
ot her enbeohbndintest bhdhet pleest opiestiomnibeths cRibhodithent 24 Higure Be thiefdleseepit 0 have

different n;sepn RF 3¢ haF\irigéJ E%ad%ali }Ssosﬁlf?micllolsgsi %) %ei &Bst?a@g \é\{ixpr;])grttish Seflcnrégqg?lgvels? 0
contoured inner surface profile. The contoured inner surface profile of telescopic member
2¢ can be defined to optimize the uniformity of RF power coupling with the substrate

30 support 109 and/or optimize gas flow dynamics within the chamber. In other
embodiments, the shape of each telescopic member 2a, 2b, 2c can be independently

defined to optimize the plasma process. For example, the shape of each telescopic



25 incorporating telescopic nenbers 2a, 2b, 2c of varying shape, in
accordance with one enbodi nent of the present invention. In the enbodi nent
of Figure 3, the tel escopic nmenber 2e having a radial position closest to
the substrate support is defined to have a contoured inner surface profile.
The contoured inner surface profile of telescopic nenber 2c can be defined
to optimze the uniformty of RF powerlZoupling with the substrate 30
support 109 and/or optim ze gas flow dynam cs within the chanber. |In other
enmbodi mentmemitehda,Shapecaf beatetined w weoolmecgasdiohahrodah tRishaRdbercl aneé/or

i ndependent l.y. defined.to.optim ze the,plasm.process. For_ exanple, the
shape of é’gé%lzteekgsg%g}”@“yl mrtr]er‘%%&erra(ﬂ pls iﬁn&”gég%é)iasﬂ"é‘ gé’%l ﬁe%‘r%i"@ be
strean i nappresiakl atatt e chghe bheadhathedpicd @@nardhar 20pbd KhZ Bet dginbif or mi ty
of ion and radicals within the plasma 107. It should be appreciated that
the shape SSEPERYRNY B138RE D pECORERFate PRRpessIpquizsgealn be defined in

essent kal Iwoaapm R RRibodithe A CONPRAAL €1 A BC S Sink 4] Uink SRR §’8¥i§‘%’ﬁ§§4‘1’ In the

embodi ments of Figures 1A-1G 2, "and 3, the home position tel escopic
menbers 2&lespppic duembersiedai Rbd 2 ishdafined evitliimghe 106r 195 gliigarel AAMS are

st 2SR AR MOV 108 ke 18 oo, orposel

to tel escopli ¢ nenbers, n accor ent

i nvent i on teldsdepicovdeelse ih kewdedaAO:l with odefeibodinient bLMetiresdni MventiBRNTRE
simlar to the tel escopi ¢ menbers 10 2a, 2b, 2c, as previously discussed

with regamvedlElgeAdd 19 defingd to fungtiomin 3 mapney sinellay Ao heHElepropSaBerebers ner 401
i S sheyn bo Ne ok MsigkdifIRNEIRAS Ik A Rbarl RS FLARS QM- 158 GRATDAM:; In
Figure 4B, thé rfo\iep_t(glblle I[y_?c}%er 401 1's Shown %gg be noved dommmarl%'@?gfv}hrd t he
subst r at e tisuppaeble 106 4Hss shdvcwtbedn ity hame positick08.thg @P3IFthd dhamber dveabl e

i ner 401,is.formed. from electrical |y copductive material and,i 15

el ectri calhf ?/: 1%’5%%&%%%{%%%1%rifgﬁgrngbf)c’)s[ (Sa}}/n “i’napo, g?mn\lloevr?gn Ve afc}néowz}rg'éﬁe 401
towar d t heutRraeeugiopd (9uRshdiaited Bygpovd40309 will serve to increase the RF
coupling at the periphe of the substrate support 109, thereby increasing

the pl asmddW¥ehkit @/mat'eap%ilﬁéf‘ﬁ’lpﬁe‘?wafﬁ%@ defiasallycandigisometenpignd ipwever
i f thesmoygabl.ar wﬁe%tﬁtg@o b Srd R RENfEOMRebR! BGhe iliﬁemle{ok\filfd mgoyenent  of

the liner 401 toward RF “powered substrate support 109 wi 20 serve to

decr ease phecR¥ sawtpleisuppat [ ¢hwilbsrvepieansreast therRF somsing at thequeppioary of1 09,
Pt g SR TR o PEPERC IS BRI oL
i ncl udi ngsielrescappdGt TENTIRGS:veR,if tHe, mbecabiaVineg 4a1 o rempd Jidni antidedined
within a Enea c—*jﬁ?ﬁr,] Ir(x)(];ve;[nggt gfht%g?i%gr Z;L(%Omward the RF powered substrate suppori 109 will
20  serve to decrease the RF coupling at the periphery of the substrate support 109, thereby
decreasing the plasma density at the periphery of the substrate support 109,
[0036] Figure 5A is an illustration showing the chamber 100 including telescopic
members 3a, 5b, 5¢ having a home position defined within a region of the chamber 100
below the top surface of the substrate support 109, in accordance with one embodiment of
25  the present invention. In the embodiment of Figure 5A, each of the telescopic members
5a, 5b, 5¢ is defined to be independently moved upward from the home position, so as to
enable adjustment of the open volume above the top surface of the substrate support 109.
it should be understood that the telescopic members Sa, 5b, 5¢ posses the same features
and functions as the telescopic members 2a, 2b, 2c previously discussed with regard to the
30  embodiments of Figures 1A-1G, 2, and 3.
[06037] The telescopic members Sa; 5b, 5S¢ are defined to be moved in a sequential

telescoping manner so as to avoid formation of a plasma pocket outside either of the



bel ow the top surface of the substrate support 109, in accordance with one
enbodi nent of 25 the present invention. In the enbodi nent of Figure 5A,
each of the tel escopic nenbers 5a, 5b, 5c is defined to be independently
noved upward fromthe hone position, so as to enabl e adjustnent of the open
vol une above the top surface of the substrate support 109. It should be
understood that the tel escopic nenbers35a, 5b, 5c posses the same features
and functions as the tel escopic nenbers 2a, 2b, 2c previously discussed

wi th regakdestépit BRmCrsID 8l 5B Mh enfifre HaicBSIdAmlfackeds arNfodied [QOBEF The

tel escopi c menbers 5a, 5b, 5c are defined to be noved in a sequentr al
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ei ther of (4 P&.e 3y é%rﬁéﬁqw ofEERRed Posli_’t‘?on g’xlﬂltecp?ua};gsz @%ur%stiot caRtgh plasma

pockets are avoi de each the tefescopic nenb , er than the
out er nost streduadingpélescnpininemtBa, For sxahefle,riedscopic menger bl wilh havveist veftiin t he

PO P SR 0 R0 B0 S BB L hoF T P oo

5 MOV e Ntndb® Mok hehsiee Pesstidn. Simildrly, t@ekcbygic trﬂitﬁnu& st:amrehatvbars JegtiRBCOpi €
menber 5a has noved fromthe hone position. Sim|la tel escopr c nmenber 5c

wi || havemovemens fram ghe h?mﬁerrraémﬂnfimrrﬁttﬂ@%ﬁéﬂ%é&#tﬂﬂeﬁ?owicrr'iletn&ff °B hehe
di st t Th
i stance {haty %r%laf §9 hie ﬁ&mﬁrrﬁgeﬁgg@ﬁﬁcé 5@%&&5@9&&%9@ 5h0B, The

upwar d sequence escopl c me , 5C nove I's from
out si de t moverséndas frommi @tmqhmmrldsxéedumwamﬂ setqebxesmdpwlcﬁcnmnmnbsaﬁa 5b, 10 5¢c

ol cotlpl & efRienbet SRkt M iieno Qi nd RV A SFABATRT s

downwar d mu@ﬂ@%&ﬁbareiaessbomccm@eémeﬁ i® afrorb binsi&€ to@MERNThis | dovdepidt ed in
Fi gures 5E throug%h 5G. 100381 Figure 5B is an illustration show ng the
chanmber 10@ghaerpiitelewapisgnembiE PBerd. 08 MeyeRETRdA depraFdhr Fighses A thf@H%h
position, sas indicated by arrows 501. It should be appreciated that while
the tel escopi ¢ nenber 5a is shown as being noved to its full upward extent,
each of tMSBeF@smoiBmmeﬂﬂuarasmﬁaho@bg tiEcchembe E00nwitke thlescofiis member fess t han

its full war d ext For ., exa d| rrent S e tor is
used bjg nﬁ@é@‘ia&?}‘ra&f%ﬂb Pg@&g%{ @ioﬁeﬁ% ‘glcag%}) BT BE %n h @gp%e{r;mrmtor
can be coppmedibed 1 vﬂuféhthbh@i%scﬁﬁﬁhn&rﬁbfﬁsﬂhoﬁlsihoﬁﬁrﬁ@&i’en@amo’ﬁéﬂ tcbits &fth be at

any vertical position between its hone position and its full upward extent,
so | ong a@P‘ﬁP@sﬁ*ﬁ%cﬁ@%?%thﬁr‘@eWBﬁC%ﬁnM 3% P&: & Febe Brveha tséq"é%@éi)l c

menbers 5@, 3Rl G g{&eeﬁéﬁt gfkﬁ emuﬁ% nicﬁeong e MboBRENDY% ddppeShERPE ulB QT

represents one var ein termhing the preci seness w th which the open
vol ume abawsreteaeh bbplestuiefsca)pe wembére Ssufls ticatlbe sigpprs mrotdQoanch capgrolled

contr gbl € uchpflhat éacﬁ tcﬁescoplc memq)er 5a, 5b, 5¢ can be at any vertical position between its
home position and its full upward extent, so long as plasma pockets are avoided outside
either of the telescopic members 5a, Sb, 5c. The stroke distance provided by the stepper
motor represents one variable in determining the preciseness with which the open volume
above the top surface of the substrate support 109 can be controlled. Also, the amount and
25  rate of vertical position adjustment of the telescopic members 5a, 5b, 5c represent process
dependent parameters, |
[0039] Figure 5C is an illustration showing the chamber 100 with telescopic member 5b
moved upward from the home position, as indicated by arrows 503. Figure 5D is an
illustration showing the chamber 100 with telescopic member 5¢ moved upward from the
30 home position, as indicated by arrows 505. Again, it should be appreciated that telescopic

members 51, 5b, 5¢ are moved upward in an outside-to-inside sequence.



25 rate of vertical position adjustnent of the tel escopic nmenbers 5a, 5b,
5¢c represent process dependent paraneters. 100391 Figure 5C is an
illustration showi ng the chanber 100 with tel escopi c nenber 5b noved upward
fromthe honme position, as indicated by arrows 503. Figure 5D is an

il lustration showi ng the chanber 100 with tel escopi c nenber 5c¢c noved upward
fromthe 30hone position, as indicateddby arrows 505. Again, it should be
appreci ated that tel escopic nenbers 5a, 5b, 5c are noved upward in an

out si de- t (040} Figeresst)isemcilustralidn t10OAG tHe g!ameeISEJd witheldsbdpis heaibeOfc Show ng

t he chanber wth telesc c nmenber downwar ack to.the hone
posi tion, "®Y e‘?ﬁ%‘”‘&‘ﬁaﬁgﬁia‘ﬂ&méﬁgé eB?F?“""F?i;l‘i‘gD atgf by arrgyys 58? P}’gslffaé fha’é howi ng
t he chanbﬂrusﬂsﬁl%nvuhbton%ah@ﬁmeemmhﬁrtezé&oﬁe%mmwv@d Bawkwia vhile home

position, as indicat by arrows 509. Fi gure 5Gis an illustration show ng
the 5 chatble howme pasition. peindicasdity amews SPY SheurevEds apilhwiatipnishewingdhe he hone

posi ti on, cﬁﬁnﬂn‘g(?b&@%lﬁ%lg%oﬁlgh%%eﬁ%}mo@%ﬁ&n&ﬁ%%g&%Qh?ﬁ%&gggsﬁ?' aed t hat

t el escopic are noved downwar - otit si de
sequence. ifdd&l]bylarroene 1&nhgdn,westionid kreappedcesaiopatctchewberseiiers 20 ,5b2e, 5a,

5b, 5c are define to be .t ng ture controlled. Heating of the tel escopic
nmenbers 23° AFPFIOVSE ! o‘g‘éwargb“ SidgQQuIsIg S9N duce deposition of materi al

t her eon artsiazuirﬁm &Je%ﬁmb‘é@xhié%t ki teRERbicNBsHhbRd Sa, Bb R B, 5BEShr@8ehed @fbe | N ONE
enbodi nent e tel escopi c nenbers 2a, 2b, 2c 5a b, 5¢c are defined to

have t hei tempsrayar aelurcéle@cirlﬂamag pEthe\iFleseppic anamtheticlae Ro.Sedin §bs FeawrabBut - 40C
o oot AR bR R A es) el b L RSUASAETIR e o
est abl i shetshased boongemineidsent, the telescopic members 2a, 2b, 2¢, Sa, 5b, Sc¢ are defined
to have their temperature controlled within a range extending from about -40°C to about
300°C. It should be appreciated that the specific temperature at which the telescopic
members 2a, 2b, 2¢, 5a, 5b, 5c¢ are maintained is established based on process
15 requirements. Additionally, in one embodiment, one or more of the telescopic members
2a, 2b, 2¢, 5a, 5b, 5¢ can be defined to include an embedded magnet to enhance plasma
107 shaping. For example, in one embodiment, the telescopic member may be defined as
a permanent magnet encased within a material compatible with the plasma processing
environment, such as silicon carbide, aluminum, or coated alaminum, among others.
20 [0042] It should be appreciated that the telescopic members, as described herein, provide
an additional control capability with regard to etch uniformity across the substrate, By
- varying the position of the telescopic members relative to the substrate support, the open
volume available for the plasma to occupy within the chamber and the RF return paths
through the chamber can be manipulated in a controlled manner, with a corresponding
25  effect on the plasma uniformity across the substrate. In one embodiment, the telescopic
members can be set in a required position prior to performing a plasma process, and can
be adjusted between plasma processes. In another embodiment, the position of the
telescopic members can be adjusted during a plasma process.
[0043] Figure 6 is an illustration showing a plasma processing system 600 defined to
30  control the position of the telescopic members within the chamber in a dynamic manner
depending on a condition of the plasma, in accordance with one embodiment of the

present invention. The system 600 includes the chamber 100 having the substrate support



15 requirenments. Additionally, in one enbodinent, one or nore of the

tel escopi ¢ nenbers 2a, 2b, 2c, 5a, 5b, 5c can be defined to include an
enbedded magnet to enhance plasma 107 shapi ng. For exanple, in one

enbodi ment, the tel escopic nenber nay be defined as a pernmanent magnet
encased within a material conpatible with the plasma processing

envi ronnent, such as silicon carbide, ¥ um num or coated al um num anong
ot hers. 20 100421 It should be appreciated that the tel escopic nenbers, as
descri bed 1berdefimed fprsayppatethanubddid i dnal a adetangdllyclapiabathl éyenvitivh widdgard to

etch uniformty across.the supstrate By varyin he position of the

el escopi dmekAEE 1BT 07 uorEe hD Sipshrifes’ & GpBRL of tHEBHEmYBh e
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can be adjusted during a plasma process. f0043) Fiqure 6.is an illustration
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of the tehesRAPiifecBARERS Wichitld nidagicehiaBeEn ioPerd valiAR NGV EBRNGIbstegpendi ng
on a condition of the plasma, in accordance with one enbodi nent of the

present imveneril®A. The system 600 includes the chanber 100 having the
substr,gte ! i t . o

subst 48t AP RES sty 40 4RIk PER A THBPAN e PRSI ) Sptditon dhE e
100 al so iphwehmudigs witlinnbe opaf véleinesoepyiog tenbdssatdisspose d0Wetd genctdie
chanmber 100 outsi.de. a periphery of the substrate,su rt 109, | arious
enbod mentETAl HBYFEIEs o P arattandtitgy Tt.eht SOBEHiEtY HhEraies 28hi
menbers 5 RAnedB dedt NpMtiBdart REHoURPET tBQIEadRASIthd aibstrdtb @1 1. afepaARUGr MENbDer s
5a, 5b, 5c having the | ower hone position, or the noveable |iner 401.

Regar dl essubstratetiorfpegrnesnonscamar b vdicaisa by achangedn therpticel| By Wesmbers i s

defin t j en ; | i i i ion so
%5 t o lanalf d-HANFRLAARS ty ORYCOLD of (R RBLARL Alighe? B Ihilnddl dEL O
109. 10[ 0Q4d]l ThE ciysit,eon ESéhtiallg any ndlien démahnbtdiatiog pf G0farteflimedstrate moni t or

a condition of the plasma 107 within the open volune overlying the
subst r at e SEHR5EFPOHE9 and generate signals indicative of the plasma

condi ti on.jpd4%] GRE RIS dbd RIMher tnBRAERE EAODYsBRL6I3Sdctiatd fedrdcOmeedgat a
particul ar reSponse on the surface of the substrate 111. The particul ar

subst r at e of theftelegcopisapesniess imepgcdsdaric it dbeH s geneRigddy thamerdogptlleal

em SSi28n %Qezﬁst {o"Waintain a target plasma condition within the open volume overlying the
substrate support 109. Thus, the control system 603 is defined to direct movement of the
telescopic members within the chamber in a dynamic manner based on a real-time
condition of the plasma as monitored by the metrology 601.
[0046] Figure 7 is an illustration showing a flowchart of a method for substrate plasma
25  processing, in accordance with one embodiment of the present invention. The method
includes an operation 701 in which a substrate is placed on a substrate support within a
chamber. In an exemplary embodiment, the method of Figure 7 is performed using the
chamber 100 described herein. In an operation 703, a number of telescopic members
disposed within the chamber outside a periphery of the substrate support are positioned so
30  as to establish a prescribed open volume above the substrate support. The method further
includes an operation 705 for exposing the substrate to a plasma within the open volume

" above the substrate support. In one embodiment, an operation 707 is performed to



15 of the plasma, a change in bias voltage at the substrate, a change in

i npedance of the overall RF circuit, or essentially any other signal

i ndicative of a particular substrate surface response. [0045] The system
600 further includes a control system 603 defined to direct novenent of the
tel escopic menbers in accordance with the signals generated by the

metrol ogy 601, 20 so as to maintain albarget plasma condition within the
open volunme overlying the substrate support 109. Thus, the control system
603 i s defiongd hocahiditeot ofnthee plemba ofitlimeh¢ ehasbopito wpebeers 70 tikithert he
chanmber in dynam c_rmanner based real-tine, condit.ion of the plasma-as
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not |i m t 8EPoESs RASRGARTS 1bak i B FAVSSLREpPeS BRIty Ghaneph &t fiecbBtitets fyent i on
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the present invention ma used mntﬁ a plasma enhanced chem cal vapor
deposi t i oherePECHD) beapjsbi batisefullpr inzgpleneendddo vgthin cnoptdssimealappiigebionsdenbsi ti on
( MOCVD) ap&chation, anong others. Additionally, in non-plasm

appl i cati BWwSS2EHdRVIES  cheni cal vapor deposition (CVD), dynamic variation of
an open V@eho48E vaRMBisansdnbish had fechaestgbed iceaned( seryrabéhbalimpigdessl

P e T e appreciatad that those skifled I e i upon reading e Dreceding specifications ang 2 ©
20 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.

25



15 Therefore, the volune variation capability provided by the tel escopic
menbers di scl osed herein can be al so be usefully inplenented within
non- pl asma applicati ons and associ ated devi ces. 100481 Wile this invention
has been described in ternms of several enbodinents, it will be appreciated
that those skilled in the art upon reading the precedi ng specifications and
20 studying the drawings will realize various alterations, additions,
permut ati ons and equi val ents thereof. (Jherefore, it is intended that the
present invention includes all such alterations, additions, pernutations,
and equivalents as fall wthin the true spirit and scope of the invention.
25 17 CLAIMS |. A plasma processi ngCExfvi8m conpri sing: a chanber defined

to include, a substrate support having a top surface defined
to support a substrate in a substantially horizontal orientation within the
chanber, a plurality of telescopic nenbers disposed within the

chanber Outﬁide‘ﬁpﬂ@h%$hﬁk¥ﬁ@£$%@@L§&Q§ﬁ§ﬁ%e support and concentric with
both a center of the top surface of the substrate support and with each

ot her, “herfﬁﬂmﬁéF@ﬁﬂEdE@ﬁm ljurality of tel escopic nenbers is defined to be
i ndependently noved in a substantially vertical direction relative to the
top surface of th bstrate modi fi cati

open vol ure aboJ%%W%gaeoﬁqéﬂ??ggg%g%t?ﬁég§ﬂ%§9%§%§|§u%ﬁ@P?;aS”hﬁgmﬁ&tgglogy
ce e PO B ESRLLL00;Rl R BLAGTR 10 be generated within Lhe oper
a plurality of telescopic members disposed within the chamber outside a periphery
of the substrate support and concentric with both a center of the top surface of the substrate
support and with each other, wherein each of the plurality of telescopic members is defined to be
independently moved in a substantially vertical direction relative to the top surface of the
substrate support so as to enable modification of an open volume above the top surface of the
substrate support;
metrology defined to monitor a condition of a plasma to be generated within the open
volume and generate signals indicative of the plasma condition; and
a control system defined to direct movement of one or more of the plurality of telescopic

members in accordance with the signals to be generated by the metrology so as to maintain a

target plasma condition within the open volume,

2. A plasma processing system as recited in claim 1, wherein the plurality of

telescopic members are defined as concentric cylinders.



a control systemdefined to direct novenent of one or nore of the plurality
of telescopic nenbers in accordance with the signals to be generated by the
metrology so as to maintain a target plasma condition within the open
volume. 2. A plasma processing systemas recited in claim1l, wherein the
plurality of telescopic nmenbers are defined as concentric cylinders. 18

3. A plasma processing systemas recited in claiml, wherein the substrate
support is defined as a radiof requencygpowered el ectrode. 4. A

pl asma processing systemas recited in claim3, wherein each of the
plurality of telescopic nmenbers is forned froma netal and is electrically
connected t® a ghelnchapot@stingiyseuchs ehiatd inplsgmentvhakinahe sdrstrarsepjafit tshe
plurality of tel escopic nmenbers relative to the substrate support

i nf | uedeBRd as & adii fdgaauepoyepoawdsctbés. ur n pat h. 5. A plasma
processing systemas recited in claiml1l, wherein the plurality of

tel escopi ¢ nenbers are defined to nove sequentially so as to avoid
formati on of a plasnma pocket outside either of the plurality of telescopic

menbers. Eﬁaséa%@&%@ ﬁ%@féﬁ? 1@&te§lyﬁ tc%'i‘ﬂq as wh&e!d %@;F .optig p?%g?n &

wherein each of t pluaral it escoplc menbérs is i ne

dj f
adj ace eséogu! %%m%?llsqg%)ij}deg%‘ (g,)tal {n 1esf V\%cérrf]%a'l %ognec[egi ue)sacorgundnggtc%tllalt he

such t 'S not prese nei"ghbor’i

Iurallt f. tel escopic nmenbers.
P tﬁat movement of one or more of the plurality of telescopic members relative to the

substrate support influences a radiofrequency power return path.

5. A plasma processing system as recited in claim 1, wherein the plurality of
telescopic members are defined to move sequentially so as to avoid formation of a plasma pocket

outside either of the plurality of telescopic members.

6. A plasma processing system as recited in claim I, wherein each of the plurality of
telescopic members is defined radially adjacent to its neighboring ones of the plurality of
telescopic members such that a radial gap is not present between any neighboring ones of the

plurality of telescopic members.

7. A plasma processing system as recited in claim 1, wherein each of the plurality of
telescopic members is structurally defined such that the plurality of telescopic members form a
contiguous telescopic member arrangement at all vertical positions of the plurality of telescopic

members.



7. A plasma processing systemas recited in claim1, wherein each of the
plurality of telescopic nenbers is structurally defined such that the
plurality of tel escopic nmenbers forma contiguous telescopic nenber
arrangenment at all vertical positions of the plurality of telescopic
menbers. 19 8. A plasma processing systemas recited in claiml,
wherein the plurality of telescopic nenbers is three tel escopic nenbers.
9. A plasna processing system as reci? dinclaiml1, wherein each of the
plurality of telescopic nmenbers is defined to have a different radial

t hi ckness such that the radial thickness of the plurality of tel escopic
menbers increases with increased radial position relative to the substrate
support. 10. A plasma processing systemas recited in claiml

wherein a tgl escﬂpﬁigsz’ﬁrf@gg?eséﬂﬁgvis%@ dsagcfld RPS aﬁ:%lgp,dg/]lg‘n&%ﬁxzthet BlubdIBy of

. |
substrate support 1nclu an 1 nner surface profi efined to optim ze a

radiOf&%ﬂ#ﬁﬂ?%gﬁﬁ&@ﬁsﬁﬂ%QQEQQRHQﬁ&E$§§ty and gas flow dynamcs within the

chanber A SHB processing systemas recited in claiml, wherein each
of the plurality of telescopic nmenbers is formed froma dielectric
material. 12. A plasma processing systemas recited in claiml, wherein at

| east one of the plurality of tel escopi, formed from

c nenpers is f 7 a .
di el ectric Pat erf &IaSHAPIACSIRHYBIEN r@?ﬂqdnégg*v*n daPeginggach 8f Beddyrlityénber s
is formed froman electrically conductive material connected to a ground
pot ent fekgscopiQmembers is defined to have a different radial thickness such that the radial thickness

of the plurality of telescopic members increases with increased radial position relative 1o the

substrate support.

10. A plasma processing system as recited in claim 1, wherein a telescopic member
having a radial position closest to the substrate support includes an inner surface profile defined
{o optimize a radiofrequency power coupling uniformity and gas flow dynamics within the

chamber.

1. A plasma processing system as recited in claim I, wherein each of the plurality of

telescopic members is formed from a dielectric material.

12, A plasma processing system as recited in claim I, wherein at least one of the
plurality of telescopic members is formed from a dielectric material and at least one of the
plurality of telescopic members is formed from an electrically conductive material connected to a

ground potential.



13. A plasma processing systemas recited in claim1, wherein a hone
position of the plurality of tel escopic nenbers is defined within an upper
region of the chanber, each of the plurality of telescopic nenbers defined
to be independently noved downward fromthe honme position so as to enable
adj ust mrent of the open volunme above the top surface of the substrate
support. 14. A plasma processing systemas recited in claiml
wherein a hone position of the pluralhyy of telescopic menbers is defined
within a region of the chanber below the top surface of the substrate
support, each of the plurality of tel escopic nenbers is defined to be

i ndependently noved upward fromthe honme position so as to enable

adj ust mrent of the open volune above the top surface of the substrate

support. 1B A RIASHR PERESS g%bﬁ&ra$¥§ﬁe@1ﬁ’@daaﬁ ch8@l 1 @helel & hamBpdsitibMbt Mer
conprising: a notor mechanically connected to nove each of the plurality of

tel ?SCQIBlaCFuWEm?JSt%pw membew 1%@11:1::%@%%%1%;%?§§g1<€190f3b{a%téﬁﬁ?n§§n7 &G &eﬂ%c' n

claim wher ei n the notor a stepper motor . A plasm
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|, further conprising: a tenperature control systen1def|ned to noni t or and
cont r ofUPR%%enperature of one or nore of the plurality of tel escopic

menbers. 19. A plasma processing systemas recited in claiml
wherein one or nore of the plurality if telescopic nenbers is defined to
have a magnet enbedded t herein. 20. A plasma processing system as

recited in tlai mh blasimheraicssinhestopt avlcoitpd insldimrl, mdereded hoved pootidet bt a
response on a surface of the substrate by detecting one or nore of a change
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independently moved upward from the home position so as to enable adjustment of the open

volume above the top surface of the substrate support.

15. A plasma processing system as recited in claim 1, further comprising:

a motor mechanically connected to move each of the plurality of telescopic members,

16. A plasma processing system as recited in claim 15, wherein the motor is a stepper

motor.
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17. A plasma processing system as recited in claim 15, wherein the motor is defined
to limit movement of each of the plurality of telescopic members from a respective home

position to a position of its immediately surrounding telescopic member.

18. A plasma processing system as recited in claim 1, further comprising:
a temperature control system defined to monitor and control a temperature of one or more

of the plurality of telescopic members.

19. A plasma processing system as recited in claim 1, wherein one or more of the

plurality if telescopic members is defined to have a magnet embedded therein.

20. A plasma processing system as recited in claim 1, wherein the metrology is
further defined to detect a response on a surface of the substrate by detecting one or more of a
change in optical emission spectrum of the plasma when generated within the open volume, a
change in bias voltage at the substrate, and a change in impedance of a radiofrequency (RF)

circuit formed through the chamber.



