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di spl ays) layers of material may alternately be deposited onto and etched
froma substrate surface (e.g., the sem conductor wafer or glass panel). As
is well known in the art, the etching of the deposited |ayer(s) may be
acconplished by a vari j ' ' pl asma- enhanced et chi ng.
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vol ume i mmguoeaddiechridues fordenfining snd sewirolling.the persare vf sR)AsPM 8y t abl e for
ef ficient lgroduct L on acglg[/ngér for form ng the ever-shrinking features on the
subst r at eP*4FH? BIPSRHTE téh a system may be found in conmonly assi gned
U S. Patent No. 5,534,751, which is incorporated by reference herein.
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of the pl'asima processing r substrate transport. To facilitate
di scussi dmown i6 thd Art,dheetching af thexdeppdited Jayer(smay be acoemplighed hainber 100,
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15  plasma processing chamber. During etching, a plasma is formed from a suitable
etchant gas source to etch areas of the deposited layer(s) on the substrate that are

unprotected by the mask, leaving behind the desired pattern.

Among different types of plasma etching systems, thosé utilizing methods to
confine the plasma to a volume immédiately above the substrate have pro#en highly
20  suitable for efficient production and/or for forming the ever-shrinking features on the
substrate. An example of such a sysfem may be found in commonly assigned U.S.
Patent No. 5,534,751, which is incorporated by reference herein. Although plasma
confinement resultsin a sig:;iﬁcant improvement in the performance of plasma
processing systems, current impleméntations can be improved. In particular, it is
25 reélized that improvements can be made in the control of the pressure of the confined

plasma and the accessibility of the plasma processing volume for substrate {ransport.

To facilitate discussion, FIG. 1A depicts an exemplary plasma processing
chamiber 100, including confinement rings 102 as they are currently implemented.
Within plasma processing chamber 100, the substrate 106 is positioned upon the

30  lower electrode 104. The lower electrode 104 incorporates a suitable substrate
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. Chanber” yolume 116 is a function of inany factors including the spacing between the
confinement rings 102, the pressure in the volume outside the confinement rings and
in the plasma, the type and flow rate of the gas, as well as the level and frequency of
RF power. For effective plasma confinement, the pressure outside the confinement

20  rings 102 should be as Jow as possible, preferably less than 30 millitorr. Confinement
of the plasma is more easily accomplished if the spacing between the confinement
rings 102 is very small. Typically, a-spacing of 0.15 inches or less is required for
confinement. However, the spacing of the confinement rings also determines the
pressure of the plasma, and it is desirable that the spacing can be adjusted to achieve

25  the pressure required for optimal process performance while maintaining plasma.

Commonly assigned U.S. Patent No. 6,019,060 entitled “Cam-Based
Arrangement for Positioning Confinement Rings In A Plasma Processil:l,*’-:,-r Chamber™
by Eric H. Lenz, issned February 1, 2000, incorporated by reference, taught that the
pressure drop across the confinement rings is approximately proportional to the

30 expression 1/(X*+ Y*+ Z%) where X, Y and Z are the distances bétween confinement
rings as shown in FIG.1B. Lenz provided a single movable ring and a stationary ring

(X = constant, Y+Z = constant in FIG. 1B). By adjusting the distances Y and Z by
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pr opor wWwoontesio the 30 expression 1/ (X2 + Y2 + Z) wher @CUUNARE2Z are the
di stances between confinenent rings as shown in FIG 113. Lenz provided a
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I nterel ectrode space for |oading and unl oadi ng of substrates. As shown in
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conbi Hed nesses o onfinement rings. 15 It is desirable to
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confi nenent., is als esirabl e t o prowi s ' that
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15 It is desirable to provide an increased range of pressure control while
maintaining plasma confinement. It is also desirable to provide confinement rings

that greater facilitate placement and removai of the substrate from the plasma

processing system.

20
SUMMARY OF THE INVENTION

To achieve the foregoing and other objects and in accordance with the purpose

of the present invention, a plasma processing device is provided. A vacuum chamber

with an exhaust port and vacium pump in fluid connection with the vacuum chamber
25  and a gas source in fluid connection with the vacuum chamber is provided. Within
the vacuum chamber a wafer area pressure conirol device for providing wafer area

pressure control range greater than 500% is placed.

In éddition, the present invention provides 2 method of controlling wafer area
pressure. Generally, a substrate is placed in a vacuum chamber. A gas source is

30  provided to the vacuum chamber. Gas is also exhausted from the vacuum chamber.



wi th an exhaust port and vacuum punp in fluid connection with the i}anmﬁn |
chanber 25 and a gas source in fluid connection with the vacuum CL .iQQU;
provi degh odogks Nt he vacuum chanber a wafer area presegruswonixspl device

~for providing wafer area pressure control range greater than 500%is
placed. In addition, the present invention provides a nmethod of controlling
waf er ar ed\t lgpseenauning is Gmved td provide walysreagressies qohtrekdngmgigatgntgom chanber .
A gas sour is 30 provided to the vacuum chanber. Gas is al so exhausted
from the §08%um chanber. 1 0' MA4R . 208' WO 02/20848 PCT/USOL/ 42332 Al
| east one ring is noved to provide wafer area pressure control range
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OF TH resent invention is illustrated by way of exanple, and
not bg &S@%ﬁgﬁ%ﬁfg“ on, in the figures of the acconpanying draw ngs and
in. which like reference 10 nunerals refer to simlar elements and in
which: FIG 1 is a schematic view of a prior art plasnma processing chamnber.
FIG 2 is a graph illustrating the relative pressure achieved wth the
prior art. FIG 3 is I i rocessi ng chanber
according to one emﬁwﬁg&mﬂﬁ&gﬁﬁﬂ%@ 4 is a flow chart of
t he operation of the preferred enbodi nent of the invention. FIG 5 is a
schematic vi ewrgd pRs&R GivieRilorPl iMhkeaRH Y WaydfesaSple) ndF R HSkay shown in FI G
3 where the confinenent rings are in their uppernost position. FIG 6 is
_\v)schemati climitetipmg in thediguresofthercoompanying drawinss and iowhichdikerefereng® where t he
- Jconfi,penent_rinas. have heen | o ed. El.G., 7 is schematic view of the plasna
“procélsi @W?ﬁ@%ﬁﬁﬂg‘ﬁ""iaﬁeﬁmﬁgwm%g}'e the confinement rings have been
| ownered further so as to reduce the | owernost
FIG. 1 is a schematic view of a prior art plasma processing chamber.

FIG. 2 is a graph illustrating the relative pressure achieved with the prior art.

FIG. 3 is a schematic view of a plasma processing chamber according to one

embodiment of the invention.

i5 FIG. 4 is a flow chart of the operation of the preferred embodimént of the

invention.

FIG. 5 is a schematic view of a section of the plasma processing chamber

‘ ) shown in FIG. 3 where the confinement rings are in their uppermost position.

FIG. 6 is schematic view of the plasma processing chamber shown in FIG. 5,

20  where the confinement rings have been lowered.

FIG. 7 is schematic view of the plasma processing chamber shown in FIG. 6,
where the confinement rings have been lowered further so as to reduce the lowermost

gap to its minimum

FIG. 8 is schematic view of the plasma processing chamber shown in FIG. 7,
25 where the confinement rings have been lowered further so as to reduce the middle gap

to its minimurm.
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gap to its minimimFIG 8 is schematic view of the plasnma procesdithgMAR 2005
chanber shown in FIG 7, 25 where the confinenent rings have been | owered
furtherwe®2ass40 reduce the mddle gap to its mnim1l OPCRESREEIBZIVD

02/ 29848 PCT/ US01/42332 FIG 9 is schematic view of the plasma processing

chanber shown in FIG 8, where the confinenent rjin have be | ower ed
further so as tHHG: 8dssdergic Wﬁﬂé}fﬁlﬂfs?las%aaﬁof’??sﬁnﬂé‘hﬁ% ?ﬁﬁ?‘ﬁ?‘mlﬁl EPGl is a
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graph of pressure w respéct to t the gap sizes f vari ous
val ues of grpno ivmigiagunsi ze FIG 12 is a schematic view of a plasma
processi ng chanber of another enbodinent of the invention. FIG 13 is a

schemati c vi ew of rt of anpther enbhodi nent of the jnventi.on. 10 DETAI LED
DESCR! PTI OV OF G Pss-enpko! ERReFS %ﬁﬁeﬁpﬁ%é’ %Pé&%‘rﬂf S EGHIISn will now be
described in detail with reference to a few preferred enbodi nents thereof

as illystrated g, § Dg ASGPRNBAREHE: WHEVSPES to the shideof the papikdidoddescr i pti on,
nunmerous specific detaiTs are set forth in order to provide a 15 thorough

under st andianiguovalidsefprissenn gemsietit i on. It will be apparent, however, to .
one skilled in the art, that the present invention may be practiced

w t hout some or_.al l,of hese Clgf ' ind BrAhBls iaﬂ%d] ces, well
known process sﬁilg}piz(%acﬁc%l?mgtgcr?}Eﬁﬂf&)‘fas&%&%&ﬁgim%een Igbgsogm ed in detail in
order to nRipodin&s s Brlihlaatiohscure the present invention. 20 To facilitate

di scussion, FIG 3 is a cross-sectional view of a plasma processing
chanber 200. The chanber has, a top leo?nd a bottaqm 214, . .and a.. chanber

AROtRGE opt GEMR YEioPed from

one side of the chanber is a | ower electrode housing 218 in which is
fixtu5§d a chuck 204, which is a workpi ece holder on which a substrate 206
I s poSitioned during

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS

The present invention will now be described in detail with reference to a few
preferred embodiments thereof as iflusirated in the accompanying drawings. In the |
following description, numerous specific details are set forth in order to provide a

15  thorough understanding of the present invention. It will be apparent, however, to one
skilled in the art, that the present invention may be practiced without some or all of
these specific details. In other instances, well known process steps and/or structures
have not been described in detail in order to not unnecessarily obscure the present

invention.

20 To facilitate discussion, FIG. 3 is a cross-sectional view of a plasma
processing chamber 200. The chamber has a top 212 and a bottom 214, anda
chamber wall 216 extending from the top 212 to the bottom 214. Cantilevered from
one side of the chamber is a lower electrode housing 218 in which is fixtured a chuck
204, which is a workpiece holder on which a substrate 206 is positioned during

25  etching. The chuck 204 may be implemented by any suitable chucking technique,
e;g., electrostatic, mechanical clamping,_'vacuum, or the ﬁke. An RF power supply
252 may be electrically connected to the chuck 204. The reactor top 212 supports an
upper electrode 224 and may be electrically connected to an RF power supply. A

confinement mechanism comprising a first adjustable confinement ring 230, a second

5



25 etching. The chuck 204 may be inpl enented by any suitable chucti q,FA 0!
technique, e.g., electrostatic, nmechanical clanping, vacuum or &é

An RF %v&h%%ppl y 252 may be el ectrical | y connect ed por/oba/ebsrck 204. The
reactor top 212 supports an upper el ectrode 224 and nay be electrically
connected to an RF power supply. A confinenent nmechani smconprising a
first adj adjhstible codiventontring 232, a@lﬂm,]mm@wmeﬁentnn@%@md aWD 02/ 29848

conf | nenesrEHgAEIack 2ecs URessii MiBHLpE PAr G Sebet 0 BIBER hi n ¢ ne
pr 00ess! gy aBe Ll sl ek acgaaamomemgnagm@mu the first

adj ust abl'e@ con cond adj ustabl e confinement ring 232,
third adj a&jmﬂﬂecmﬂﬂemnmg 232, ﬁgrdmmst@itcbcﬁtﬁumf:mtnmm?% mdbck 236. A

controller 242 connected to the_ho r nt of the-
hol def 24¢Pniingmentde Ci%?@ pAheontroller i‘&oﬁ gﬁ“fﬁ’%ﬁﬁﬂaﬁ%@nﬁm %%530 second
adj ust ablﬁogﬁﬁéﬂ%?%ﬁolﬁiérﬁgggﬁﬁhek%réﬁl@ﬁsﬁ é@é@:ﬂﬂe &mﬁﬂeﬂfeﬁﬁaﬁg p3mg 234, and
confi nenen ock e preferre enmbodi nrent of the invention, the-

"hol der 24dcondsadjestqipe donfirement mng23Zn thiwdradiustable @nﬁ@pmkt nng3348eén each

i ngs ancBrsERet P16 1 the PrpPEPL prBRCERAC Yl RYCIESE A forbadg TRt
bet ween Qg Qﬁlp?&i \91tﬁ§ coffif&ent ﬁn@&'ﬁl@d@rﬂ%ﬁﬁg Bl bach . fTliestepadiroritiabl e

conf i nenent 0, the second adjustable confjnenent, . ring 232 and the
t hi rdoad; maxlanmega;usgamerbemeen thegzoggne@%w and blegkygrickm hes pacers 238,

which fix t f lhogk. I n thi

15 errbodﬂ?’fﬁ%f‘ E‘ﬁ@l"wﬁﬁ%%%f@gﬁ%gﬁ%‘fge P&%B Fovi geisa{nﬁﬂ%l(rm%tgéo’?:lbet Wgen o

~ ). 005 and mﬂﬁg ’Ir‘Tlg:rm’éﬁﬁ ﬂ@abl@cdnﬁn&méﬁrm@%%ﬂaeabodﬂmﬂ]tgmlmﬁmemzﬁn pr(r)]w des

as to the chanber ress nsor 262 r r r n t

80I une ab@%&ﬁﬂ@@bﬁ@?‘g‘t@ﬁg qn%gema ﬁ% es(ﬁ&ﬁ‘lﬂg eﬁi‘%’ e?ﬂlﬁ\P ‘(Ia'he

chanber '}ﬁfﬁﬁﬁlﬁﬂ%ﬁb&@@mé&h%ﬁﬁﬁéﬂn&ﬂrﬁ ah@blockNhowisTent , the
ralses

controll er 240 to its 20 hl% est position _as shown
in Fi& Bexﬂmiﬂnnmtcthe apdcerls ofs Gz6 o Bovidea minénuigap betwesnt O andr.9p0

adj ustabl e conb 13558 % i 9a% et 350 BohrECH 4PN RS BN RECRMber! 0 252

pressure sensor 262 measures the pressure in the volume above the substrate 206, the

“Wafer Area Pressure”, or “WAP”. The chamber 200 has an exhaust port 260.

In operation of this embodiment, the controller 242 raises the holder 240 to its
20  highest position as shown in FIG. 3 and in detail in FIG 5. Such a2 position lifts the
first adjustable confinement ring 230, second adjustable confinement ring 232, third
' ) adjustable confinement ring 234, and confinement block 236 to a height such that the
- gap between the underside of the first containment ring 230 and the plane of the
chuck 204 is, at a minimum, of size sufficient to allow the robotic placement of the
25  substrate 206 onto the chuck 206. In the preferred embodiment, this gap is on the
order of 0.5 inches (12 mm).

FIG. 4 is a flow chart of the operation of the preferred embodunent of the
invention. In operation, the holder raises the first adjustable confinement ring 230,
second adjustable confinement ring 232, third adjustable confinement ring 234, and
30 confinement block 236 to the position shown in FIG. 5 (step 302). A robotic
mechanism may be used to place the substrate 206 on the chuck 204 (step 304). The
controller 242 lowers the holder 240 to a wafer area pressure control starting point

6



adj ust abl e confinement ring 234, and confinenent block 236 to a E%ﬁ%ﬁﬁ@;
that the ap between the underside of the first containnent ring-

pl ane ofobvimsehuck 204 is, at a mininum of size suffi AEHUSEHIBE| ow t he
robotic placenment of the 25 substrate 206 onto the chuck 206. In the

preferred enbodi nent, this gap is on the .order of 0.5 inches m. FIG
4 is a fldsterBea) Toe vafer BppassiEsFosiol Hutps peiot F&H%S%%B‘?%‘Fﬂ&ﬁﬁet he

i nvention.. L.n .o ti l~dgr | | ' Bt eepnf i nenent

(i 230, T dBREbR fof Rpshril vt 8, cck Al Rnstits sl i 27 ik

conf i nenentjusizp cdafinerad riag 264/ ndrenfindmenit block 236 thad atlows pusimal on shown in

FIG 5 (step 302). A robotic . mechani sm be used to pl.ace.the substrate

206 on t heresse dropowhilemaiptapng .S“%fr@nt E%%%’S‘P?teﬂ[{“%é’f?%’\%ﬂi‘% Ph‘l'gnshol der 240

to a wafer_ar ' | widA8e A1st10 MAR 2005
U 25‘%3%‘32’? g%ﬁ%% ﬁ@%%%ﬂéé@fhﬂ Beriiag pBint Wyl e

PCT/ U waf er area pressure control starting point
may be t hadjpemblkicenfisdmént eing 280 beginsijastnpin thedowér slestende hopsigs 288 assecond

adj ustabl e confinenent_ring 232, thjrd, .adjusta C LN ) 234,
and conf i seewanin G &k ﬁ@-’@ngﬁ"é”tfﬁ’gﬂs H Aﬁ#mpgbésiﬁ%e ?éoggm%\}\h“flhgg
mai nt ai ni g, Sl nth G0ine AR BIPHE Brostite sfloP1 TR bHiEred D aldesifed embodi ment

the wafer "area pressure contro tarting point nmay be when the first

adj ust abl getpoinf valaertstips 30} IR waksgiarea pressuiemgedsiothedneisnred (eleréitode
housi ng 218, as _sho in FLG . 6. Et . hart hS . bdated (step
308) #hd %%FQEM vy fiarther lorgr @ﬁf"é’?‘{‘?&?gﬁf%%%@s gggg@ g%/ﬁ%tr%ﬂg@%r essure
sensor 252y 1.5, £ O0BIREe e h8ldesaT Rdoweled & Spointivtiere(the s@and10) . | the
waf er area pressure needs to be increased (step 312), 10,th§%q(3 3 roller

) 242 may f eotfiremenbrieg 28Peestsaindbe spaeers 236 of e gyt copfigement yg, Hes a

hamber 2QQ, where t | 40 . | second
cont i neroRaRlss 2 i A wEotR i RABE G fyrcfod il M dntaReg T0NC
1 e ooy ot gt e

urt her 0O a poin ere e I.r nitil ne ri re on e
spacets 2@886&2{ ﬁ&&ﬂb‘ﬁ@at%ﬁﬁhmﬁﬁgweﬁtﬂgﬂ%@? S% ‘éﬁo‘ge’ie St F ates a
chamber Zgﬁ’u%fﬁﬁipg @Ee@%@%nﬂ%éﬂeﬁ@olh&é"ﬁﬁ@st& hidEspacerkizBB of thethiv@i Nt . wher e

t he confi nemen rests on the spacers 238 of the third
confinement ring 234. This is the lowest wafer area control position, and the holder

240 is not lowered any further.

If the wafer area pressure needs to be decreased, the controller 242 may raise

20  the holder 240 (step 314). Once the hdlder 240 reaches the highest wafer area
pressure control position, as shown in FIG. 6, the holder 240 is not raised any further
during the wafer area pressure control stage. Once the wafer area pressure is equal to
the desired setpoint value, the plasma is initiated (step 318). The wafer area pressure
is again compared against a setpoinf (step 320) and the position of the confinement

25  rings adjusted by raising or lowering the holder 240 (steps 322, 324, 326) to achieve |
and maintain the desired pressure until the plasma process is deemed complete (step
330), whereupon thelholder 240 is raised to its highest position (step 332), and the

robitic mechanism is used to remove the substrate (step 334), so that the process may

be repeated.

30 ' Tn the preferred embodiment the change in the pressure drop across the
| confinement rings as the holder 240 is lowered from its highest control position, as

shown in FIG 6, to its lowest control position, as shown in FIG 9, may change by 300-
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confinement ring 234. This is the | owest wafer area control positgtqﬂ@é@g? ‘
the holder 240 is not lowered any Furth If the wafer area pressur: 0%
be decweereggist he controller 242 may rai se 20 the holperugndirt ep 314).
Once the hol der 240 reaches the highest wafer area pressure control

posi tion, S | 1 qFl he. hol der. 2 I,s. not raised any further
during t hge(ﬁ?%v@ff ggﬂg?lé)g ﬂberiggsgﬁrreeér@oﬁtﬁr%‘fﬁ%q ’ﬁéﬁ?‘* tﬁpggeaf%ga.%ﬁxéela r%‘?sélérepr essure
i s equal the holdeeisdesict wahRIGingto Madre phdisurd HRHWAddr $s MbYéd @hveskd( St ep
318). The wafer area 8ressure I s Agai n conpared agai nst a setpoint (step

320) and {nghoyasintElGhIohe cordingmant bleeke?36 i of suffigisntabicksess qutdytheni si ng or

| oweri ng | d 240 (st e 342,32 3 tg achieyve and nmaintain the
desired ptﬁlg@ég\%g o&ﬁ]ﬁ fo gm%:ﬁ}&?ézz&ﬁd%gbsog ei%lgglgggﬁgaﬂcog&q ‘éffpé:r(st ep 330),

wher esporclédiedb 224186 a?révent editigcihb Gvafirardd lghleinpesedthetop(sfitee 332), and
the robiti¢c nmechanismis used to renove the substrate (step 334), so that
t he procegafingyentplocke3bated. 30 In the preferred embodi nent the change in

the pressure drop across the confinenent rings as the holder 240 is :
| owered fromi Lah . RSkt ﬁpﬁm' 6, .t Q.1 TS

| owest controlm%ggktf'n%%fg@%gﬁm% I n %I%}Qﬁa%gg C angalﬁ);ﬁ%gg’ B 20 WO
02/ 29848 betvildehBiX ¢ahTiRiBMeR(ock 236rinddhe wipet tlectpode22dy whith dpsireoumdedi ded in
that to incyease wafer. are ressure, th der i ved downward and to
decr ease BB CtmeRkEl oA, ey s petvespiias mxhe USadchen IS, [he

conf yemay BhiC Krord Brdfrall, b ko £ B0kt §.DILHBEST0SY Tfin. "Phe itlactde toP of

t he confinene ock 236 e the lowest part o he upper el ectrode
224 so awofths fpskseondsadithintadjhsalie tenfimment tingsiA30y232) 284 are bdtwedrop of t he

R et B aes L AR FAEREDS e RO RS R RO B e
el ect rOd%loﬁgél%’Z.ﬂ‘inﬁg. IThe Fiktdnes BetREen B6 pher S16dtfods 2% Rhd Hedblwer 36, may be
bet ween 0. 0125 and 0. 0500 i nches §0.32 to 10 1.27 mm). More preferably, the

gap i s allsatode ZMsmpy bpissthe mange ofi iyt toThe incheedfaem to g6.2anm)s Mare, second,

and {1 1 g A HE AP0 DAY mhAdis 33, 232 234 are betueen

FIG. 10 is a graph of wafer area pressure with respect to the sum of the gap
distances in inches between the first adjustable confinement ring 230 and second
adjustable confinement ring 232; the second adjustable confinement ring 232 and
third adjustable confinement ring 234; and the third adjustable confinement ring 234

20  and confinement block 236. In this éxample, the pressure is measured with a flow of
300 standard cubic centimeters pér minute (scem) of Argon being fed into the

) ) ' chamber 200. The square data points 902 represent wafer area pressure, which is
h pressure within the confinement rings. The diamond data points 904 represent the

pressure of the chamber 200. Section (1) corresponds to the movement of the

25  confinement rings from the position shown in FIG. 6 to the position shown in FIG. 7.
Section (IT) corresponds to movement of the confinement rings from the position
shown in FIG. 7 to the position shown in FIG. 8. Section (III) corresponds to the
movement of the confinement rings from the position shown in FIG. 8 to the position
shown in FIG. 9.

30 FIG 11 is a graph of the wafer area pressure with respect to the sum of the gap
distances in inches corresponding to Sections (1) and (I) in FIG 10, but for differing
values of minimum gap distances as set by the spacers 236. In Curve (a), the
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0.045 to 0.180 inches (1.14 to 4.57 mm. Mre preferably the thitlﬂ]migﬂé
about 0.09 inches (2.29 mm). The di stance between the upper el ettT 3

and t hayboyeyssel ect rode 204 maybe in the range of 0.4 tRCBUNIHEATRes (10 mm
to 76.2 nm. More 15 preferable the distance is about 0.6 inches (15 mM).

FIG 10 is a.graph of waf i { ot th
Ghp. di st REEETEp deBee BRenea i acer 1o o BERRE! kbl BenAL 0.,
and SeCO“Chrstf@% hleBorfiQR 52 RERAMb1 donfindRdit rings ap® 0T dncls Btthbpsp

confi nement 2 and " third adjustable confinement ring 234; and the
third adj Ustwedsndhesacbnd @32hand thing (239 adivsishle confirementsimgsdBsatveds. 1 n this

le, t . L. d wth f . '
cont | mot ert6s BRRTHTh BRI ERE A o1 DY B D o S0 s RR B BEbdNBS 0 1
squar es datife B} D86 atPechRPIEE Afhstié Oinfiepenitigsaud 00tk fostheprpssur e

h
Wi thin the confinenent ri ngs.ﬂj?'he di anond data points 904 represent the
pressure dictwdea thhsacbed 230and third 236 adjpstpble spniingmensngs Ier¥s (&%t of the

25 fi tori .t th | i i i 1
Shown | ' BRE SHRIINTTER ot 1Pt el AL pCa e RERRRL O

rings fromthsonegisbican 233 hejHetable dohfentert einghend).030 inches firdkeigimn FI G 8.
Section (Il11)) corresponds to the nmovenent of the confinepent rings from

the posi t itstweshdbmsdcand232 argl third 234 adiystable saniingrespt rings.Ap&uree (Qther g | 1

is a graph of the fer ar [ hhh. 1 Cf ol & vident gap
di st aﬁ%es W‘H‘é’@%cggggertl@&%é#ggﬁ%?g’ﬁgﬁéﬁ%‘esaf%ﬁﬂ%ﬁ%a? yorn Fi 510, but
for diff erfiri@30val yesond232iadjustsblegapiitimen nings aub.038 indhys firdhsgarer s 236.
il st ance. betinen taysecnnd 3Pk B34 ALSioBlp CPRGIRLSTE SRER 15 IR I Hbon b

: i s : - en the
“first (23Q). j f DEEREBRSs fol & 4hk nches
for the g%n%ﬁé%ggé%%%g%%gﬁﬁg@?h?rd (2?,S4f§)ffalgjsglfg{b§me e

conf i nenerirst230gad stcon@232 adjustabletdonfinementuinggy apd 963 techee frdhe gap by t he
355" a8 ue beBreEm b echi it and it 234 4Eeble S adnodd Fingh Flon B ARH 200N
second 232 aftdl 11 b duft R 3Pt @b Palsturs Bt efiidtandithgslopd Of B8 présize) t he

control can be changed by the use of different spacers 236 to change the minimoum

gap distance.

The holder may be any device that allows one or more controllers to provide
20  anupward and downward movement of the confinement rings and confinement
blocks, where in a raised position the holder maintains a maximum gap between the
confinement rings and the confinement block and in a lowered position the holder
allows the coﬁﬁnement rings and confinement block to form minimum gaps.
Preferably, the holder allows one gap at a time fo decrease until the gap is minimized.
25 | Once a gap is minimized, another gap is decreased. The holder 240 in FIG. 5 is a type
of hanger, since the holder 240 is below the controller 242. In another embodiment,
the holder 240 could be configured so as to be above the controlier 242, and the
holder 240 is now a type of platform.

Although three confinement rings and a confinement block are shown in the
30 ‘preferred embodiment, other numbers of confinement rings and blocks may be used.
In the preferred embodiment, the number and spacing of the confinement rings and

confinement block are such that at the highest position, at least part of the lowes_t
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m ni mum gap di stance as set by the spacers 236 is .038 inches fof hMAB;aﬂﬂ[]ﬁ
between the first 230 and second 232 adjustabl e confinenent rings and .030
i ncheswszdg gap between the second 232 and third 28dragyussabl e

conf i nenent ri ngs. In Curve (d) the 10 m ni num gap di stance as set by the
spacers 236 . 038 inches t he a etween the, first 230 and second
232 adj usf CRIHRE S tL?IPd‘éﬁ 6@“8“1791‘?’6 %tr(f%"ranfih 3P B heen t he

second Zsémﬁ%séﬁﬂognﬁtﬁ aﬂhﬁt@@oﬁe&%ﬁﬁﬂ@ﬁﬁﬂmﬁ' réMkPon 4 Buxflteve (e) the

- mnimum g tance as et by the spacers 236 is .062 inches for the gap
bet ween tb@lmrwﬁhmbmdeﬁmmdmoaﬂpﬁmﬁmﬂesG@ﬁrﬁ%ﬁlﬁ’ﬂ@ﬂhﬁ ngs and . 062

con | momofEERFRGE bkt PHEW JPe Bip<t FRomrS 1104 Purainkl 163 Bokep' Tic”
pressyre gamhafioh pbid %hﬁﬁdnéy&u&m@ec@inmmnmfaeg@md p6Biier Bllme.an be

changed by 1he use o di fferent spacers 236 to change the m nimum gap

di st ance. The hol der éobe any device that allows aone or nore controllers
to provide 20mamothenemn chmnfd}émw&eamw\rewemewlwﬂéy%hme&m ri ngs and

confrnenent | ock g ins a
maxi num ga %?%gwp%@ﬁgad"[er%né%ﬁéﬁggﬁ%ﬁq ﬁg dggérir:%%sejmh B}.gl ock and in
a | over edfigpsijiistsbile thfinkalktitting Hl4pnsecohdadianible eopfiiendént ging 4268,conf i nement
bl ock to form m ni rum Preferably, the holé? alrll #91‘ at a
Cime to diededvatablecpniRamongspe3l m«iw@w ek 121608 1S gt 2,
anot her g hanger,
Si ncgst hefl%m& %ar sqb g (h%le cont roI I er %u%ﬁ]t% drgz&al%étgﬁgggse Igdr ment

)t he hol dethe ﬂﬁs@hﬁn@gﬁrdz% Aewangtha&gbﬂm&sithmdhmybwﬁz tahé adomth ol | er 242,
and the _hol der no e o a r T, confi nenent
rings anohaﬁg@'d@ﬁﬁi@ﬁ%%? 689@%’%@“@%&“‘ ir%t ﬁ%‘ “gir hl@é embodi ment ,
ot her nu Iﬁ,hsqj] K The®irdRarsSE €232 shiphbis preferred
enbodi rre% ngﬁﬁj‘er an s%%%@ﬁ%e%&g}t%eﬂ%oﬁl nenent P

ri ngs and
conf i nemsht sdehnd kdjastebls omfinduzant ving 1208. iThgHewrth baager 1836 suworisther part of

t he | 05 0 8 PCT/
bbovdSt el AR 0 de St i uf Ml BBy 1 10 1 ©
pressur e {{ORkcE Yecodd, hndihird @8fustaBle cobfifethebeinps fofbp ﬂmlvﬁjgtwhemgey ests on a

surface
reach their lowest point, as described in the previous embodiment.

In yet another embodiment, the profile of the confinement ring may be

complex. FIG. 13 illustrates parts of a first adjustable confinement ring 1330, a

20  second adjustable confinement ring 1332, a third adjustable confinement ring 1334,
and a confinement block 1336. A holder 1340 may be used to support the first

) adjustable confinement ring 1330, second adjustable confinement ring 1332, third
adjustable confinement ring 1334, and confinement block 1336. A controller 1342
connected to the holder 1340 controls the movement of the holder 1340 and therefore

25 the first adjustable confinement ring 1330, second adjustable confinement ring 1332,
third adjustable confinement ring 1334, and confinement block 1336. The holder
1340 is stepped with a confinement ring or block resting on each step. The steps
define the maximum gap spacing between the confinement rings and block. The first
adjustable confinement ring 1330, second adjustable confinement ring 1332, and third

30  adjustable confinement ring are ﬁ)'{tured with spacers 1338, which define the
minimum gap spacing between adjacent confinement rings. The mating surfaces of

the confinement rings 1330, 1332, 1334 and the confinement block 1336 are not flat,
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t), coplanar with the |lower el ectrode and the confinenent rings ?[Hi'i[&
portion of the confinenent block are bel ow the upper el ectrode. iNAR 2005
enbodi e 52/9;8]4 s to avoid stagnation points, which maypcaUs@a/blR

accurnul ati on of deposited polyner filnms. In another enbodi nent, the hol der
may conprise a plurality of hangers with _each.hanger sus erhgi n%fga

di ff er ent tewfsiead imnotporitag “profids” speh fhaf, gt the pampPR, 42p SBFCing, Ry §

adj ust abl e_cgnf i nt sing. i PRIHiGERBRt ring
1208, a taﬁ?r@%gﬁﬂ@?f&&=é9a?é%‘5?ﬁ%%§%‘fﬁ§ﬁ§§a?‘gﬁ‘%?ﬁ’gﬁggagﬁ 6aninerr?3nt bl ock
1216. A figsle thaRpRVe bonfiRARnt of thephendby finimiziag dentireaining ofidargedThe
confinenent block 1216 hangs from the first hanger 1224. A second hanger
1228, a t Ipartitléscinge theyplasma, freugh the grRTIto ﬁﬁ&@%ﬁ%‘“ﬁ"aﬁ& "'P?‘ESS‘?ﬁ"t‘erPg
confinement bl 216, Th 0l Eaﬂ&%i & S ihe oF Reftlthr d

adj ust bl J%n?ﬁﬁé%ré% S“Pfeﬁgﬂfﬁg‘?ig. e thi rsdtg‘%gglegélf’w{%%l%g 0supgor.t s - the
second adjg¢abedag if eadt MeR Yurfaceof Al@Agituda greaten than drahglfithd 2@8immwppor t s
the 15 first adjustable confinengnt ri Qg:128.4 TGe se{ggné tQi glg and
fourth harggpispacing. ovhe affist i eash maag sHfEce Sgoially S@SgaFd i Algve fi nenent
rings to st D Vel WwiRRMexpoi nt, as described in
t he previ &B@’%&ﬁ%ﬁaﬁﬁ’\rﬁmﬂ#ﬁ%mgﬁgf g%dﬁg odi ment,x the profile of the
confinenment ring may be conplex. FIG 13 illustrates parts of a first

adj ust abl e confWhitethit invewtipnlas beeradeacrited do trama of spveedd Pecfeded | nenent ring
1332, a third adjustable confi,nenment ring 13 in t bl ock
1336. 10 hemhedments thegs ars fﬁ%‘aﬂ%’e%‘%%"g’ﬁ ?‘%23“??”3@@ eyt 1 {Patsy LR
conf | neneniy i e I0opc UL hyeise RIMGRILE8S bERGwA that thrge B3yt hi 1 d

n

m\‘)adj ustabl e confinenent ring 1334, and confinement block 1336. A controller
1342  connitetrativé wayhef inpleenting dite wetliodsans apraratiseeidhe PESSHthe hol der 1340

and therefore .25 the first .adj ustahl {15% 14 ﬁr:?éﬁ:qm Qd

adj ust abl @Wﬂgﬁw’fﬂ&f@%‘?%t ??Dgfaa ] %‘F@%on i nement ring 1334,
and confi %@'ﬁ&ﬁd@%@ﬂ@uc@ﬁﬁraﬁﬁh@, paphstetions] atlsubstitatecapisalesits 45 &liconf i nenent
ring or block resting on each st he steps define the maxi mum gap

ep. T
spaci ng bmmqwmmémofﬂﬁﬁwse&ﬁaw Wk, The first adjustable
confinement ring 133 0, second adjustable confinenent ring 13 32, and third
30 adjustable confinenent ring are fixtured with spacers 1338, which define
the mninmum gap spaci ng between adjacent confinenment rings. The mating
surfaces of
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the confinement rings 1330, 1332, 13' )4 and the confinenent bl odkl 1M8B 0%
not flat, 10 WD 02/29848 1 0 MAR 2000 PCT/ US01/42332 but instead
incorporate a "profile" such that, at the nmaxi mum gap spaci ng, the gaps
are "optically dense", that is they do npj provide a direct |line of sight,
which may serve to inprove confinenent of the plasma by mnimzing the
stream ng of charged particles fromthe plasma, through the gaps into the
vol une outside the confinenent rings. FIG 13 illustrates one enbodi nent of
this "profile", consisting of a vertical offset 1344 in each mating
surface of a magnitude greater than one half the maxi num gap spacing. The

of f set A s BRchReo! réShrel donfpdingl | y staggered to allow each mating
suf;'facéqn[b(?s%g Brought %gt% cl ose g?oxi mty with the next. Wile this

i nvent iaoacuwascheeber; descri bed in terns of several preferred 10 enbodi nments,

there are ,alterat.i , t adil .itute equival ents, which
fall mﬁﬁ’f}l?“ftﬁggé%ﬁﬁgcggn%% |s‘9§‘¢1€‘g§??‘§%’??ﬁ§‘%ou| d al go be noted that there

are NMaRYas @ukRinfbid\ennsayich with iheyhementchiamper; hed net hods and appar at uses of

the present invention. [t Ls therefore intend h | | owi ng
appendaavaiir areaPresere Fﬂf’é‘t"b‘iaeé’f"édwg?e‘f’ r‘i@i Wﬁﬁeﬁ%re%ﬂ%gsél teC%tngF?cgerv g‘%i ons,

pecrggﬁéaegj ons, and substitute equivalents as fall 15 within the true spirit
an cope of the present invention. 11 10 MAR 2005 1.2 1. An apparatus for

cont rol | i nga firseadjustable eofinermnent g Withinghe VM RIARABES: an exhaust port in

fluid connection: w. ?ﬁlrgﬁ LhafhBlthe vaRuB@cheabéce in fluid connection
wth the va%ﬁﬁfﬁ?%%é‘%agﬁe!k%gﬁ a vvé %r area pressure control device, wherein

__the vafer agpafjytblswninaent blotk dilindke vasowp chasekergand; 1 st adj ust abl e
+ Fonfinenent a (r:énrt]n%llg énh x!apsintgggd Yo%elflffllgt}?ehﬁ‘gtbc%qlﬁnement ring, the second

confinement ring, and the confinement block.

2. The apparatus, as recited in claim 1, wherein the wafer area pressure control device, further
comprises at least one holder connected between the controller and the first adjustable confinement

ring, the second adjustable confinement ring, and the adjustable confinement block.

3. The apparatus, as recited in claim 2, wherein the at least one holder moves the first

adjustable confinement ring, the second adjustable confinement ring, and the adjustable confinement

block.

4. The apparatus, as recited in any of claims 2-3, further comprising an upper electrode, and
wherein the at least one holder is able to move at least part of the first adjustable confinement ring,

the sccond adjustable confinement ring and the adjustable confinement block to a position above a

lower surface of the upper electrode.

5. The apparatus, as recited in any of claims 2-4, wherein the at least one holder is able to move

the first adjustable confinement ring to rest on a surface on a plane with or below that of the

substrate.

6. The apparatus, as recited in any of claims 1-5, further comprising a spacer between the first

adjustable confinement ring and the second adjustable confinement ring.



a second adjustable confinement ring within the vacuum chanber; 1ah MAR 2005
adj ust abl e confi nenent block within the vacuum chanber; and a controller

for raising and I owering the first confinenent ring, the second

confinement ring, and the confinenment block. 2. The apparatus, as recited
in claiml, wherein the wafer area pgessure control device, further
conprises at | east one hol der connected between the controller and the
first adjustable confinenment ring, the second adjustable confinenent ring,
and the adjustabl e confinenment block. 3. The apparatus, as recited in claim
2, wherein the at |east one holder noves the first adjustable confinenent

ring, the second adjustable confinement ring, and th diu |l e

conf i neenppardths akrecited i kina ppubaein she fﬁéeaﬁtég’ietl’gglefﬁaglr‘?3° élf)%cﬁ‘gi s 2- 3,
further conprising an upper ; fehane it thiinsiehtangtto one hol der
i ssegppdadiugta \‘78“@%“\65%&4%%&5? ?b %?ﬁ(?ﬁ%%ﬁdraa??rt ad] ust abl e c]c_)nfi nement ring,

t hgs 8 GRRAmAS kp4eing i & pesitivhi wirrein therseeugd adiyste e confinggeabing ©¥H PR Henent bl ock

to a position above a | ower }g’r{_ace of the upper electrode. 5. The

apfiratadiugtablepentinesentiang, sEPARFAOY BF SPHE- 2-4, wherein the at | east one hol der

is able to nove the first adjustable confinenent ring to rest on a surface
on a plane with or below that of the substrate. 6. The gg‘gn%{o%éﬁce as
r eg;i t ed'hi appratus bs whigidrs any of clgims 2he WhewsHY F&a%a%fagbeéggr etween the first
adj ust abl e.continenent , rin kBt addosd sgjndtaleent ring. 1 0
Nﬁé@"‘l‘ﬁ@%’"ﬂ%se??ﬂ’l‘ﬁga é‘ﬁ%g%é:to ﬁ%&“%gigg%ﬁ% gtg@?%ta’g? aim6 V\A‘lﬁgl’ ein the at |east
ONGniMnBE ringardith€adjestabi/@nfihaners blnokdndenpeetebloghe BoldTnenent ring froma
position spaced apart fromthe first confinenent ring to forma maxi num

" ppacing to a position wherein the second adjustable confinement ring rests

ony t he A\n%(‘)gartdﬁg, A3 PASEY in clfiln' s whartiniht hblder is oorrientedmihe thirdpdiustablér at ed by

spacer. apparatus, as recited in.any o al e 2- rein the wafer
arafipressong asbwhergin thesentratier fpiggsand j%‘ﬁ?f? ﬁf@é‘r%“fné?%mgm?‘g'st abl e
confinement ring |ocated between the second adjustable confinenent ring

and the adjustabl e confinenent block and _cfc&{%ge ted.to thgl ﬁorllger. 9. An
appar alThe appasatiscas teeitedin any of daims 2nPavisrein phen tha PSR LBITRER t ed to the

t hl:)\rvéjrej‘ tdoj aulg;[zv%sbt Ipgsition the wafer area control device provides a highest pressure drop and

wherein when the at least one holder is raised to a highest position the wafer area control device

provides a lowest pressure drop.

11.  The apparatus, as recited in any of claims 2-10, wherein the pressure drop of the wafer area

control device continuously increases when the at least one holder is moved from the highest

position to the lowest position.

12.  The apparatus as recited in any of claims 2-11, wherein the at least one holder comprises:
a first holder connected to the controller and the first adjustable confinement ring; and

a second holder connected to the controller and the second adjustable confinement ring.

13. A method of controlling wafer area pressure, comprising:
placing a substrate in a vacuum chambet;
providing a gas source to the vacuum chamber;
exhausting gas from the vacuum chamber; and

moving at least one ring to provide a wafer area pressure control range greater than 100%.



confinement ring, and wherein the controller raises and |lowers the third
confinement ring. 10, The apparatus, as recited in any of clains 120 BAR 2905
wherein when the at | east one holder is |lowered to a | owest position the
waf er area control device provides a highest pressure drop and wherein
when the at | east one holder is raised to a highest position the wafer area
control device provides a |lowest pressure drop. 1 | . The apparatus, as
recited in any of clains 2-10, wherein the pressure drop of the wafer area
control device continuously increases when the at |east one holder is noved
fromthe highest position to the |owest position 12. The apparatus as

recited in any of clainms 2-11, wherein the eas conpri ses:
a 1#i r sThaalethed, asaenited inedaimol 5 WEerE’S‘ﬁﬁ‘? Beygge ﬁ%?t Phe lrn%%oérb?%ﬂ?g%fdust abl e

f d ;raptl h
gg(r:]o Ing e %g P;‘%ﬁ énd_]é%glflg ceﬁl%gtﬂgntr}ﬂllg & Eecﬁﬁmﬂﬁﬁlm donfihdmeent dngrapfilaer and t he

Inement rin . A nethod of co I|ng waf er area
PIEsfiéhfent BIBERAOIaSVATE: area@kammgommé &tbmﬂga’t’@t Wherg ‘Qﬁatgrﬁttﬁ?lﬂ‘k“%?&%b providing a
gas source to the vacuum anb EdcORd A @stab@@uum chanber ;
armdnmmmengrﬂwfeﬁ‘éa%?"%‘rfé' 7 ‘H V?°8u 08 E%lég&v\k@?rg?ﬂgﬁeac pr edsjsure control range
Simebl 131l i v;?a&-& aMﬁ%n?-@.@@rst4djﬁ4ab1$hmfmmmdmgaasmme@pméhstmec| ai m 15,
\/\ﬁg? t | east one r| ‘{fgigs ?ﬁmecog édlé]ﬁ’nﬂ fa'nHSt
aQppasdtinp e M@u@bmﬂfﬁﬂm&m%ﬂ %Iseﬁg'F S OB Renent ri ng, and a
confine | ock .t a&q&mpﬁﬁa&hh@a ﬁﬂﬂﬂ@bwﬁh@mﬁﬁn@gpolnt where the
£ Sihetes e Gptispne R YROE et 5

t he vacuum chan&gﬁ‘g {el rkthe second
a%abtﬁﬁlﬁﬂhﬁtane@@mﬁﬁ@m safcnnrgad]mbée ennfigement sHg AP e ’}GFP?G blecks vaced apart
fromthe first adjustable confinenment ring a nmaxi mum di stance separ ating
‘;hedfl rst adj ust abl e confinenment ring and the second adj ustabl e nf i nement
Ting, g’ﬂﬁrs%édhdtabﬁsﬁﬂetoﬁfﬁmnht kg thesconfneraent Rlpgk pnigh ‘Fﬁet" second

adj ust ab e confinenment rin cond
adjljusialdb cenfinsmentringgatts o1 thy I féﬁ‘iagm %%8%&“%@%&&%%§2i&%§%d%ﬁﬁ ng the

Siﬁ%ﬁ%‘ﬁgﬁg If}ﬁ{) et 1Y% Bider, and Gvharth thb eorforefrienicirteckt is Bpasedk IRk i | t he

coltf F nefrent ring rests the fi bl e
ok tne eeohd admgaldecoriseres S LU PEE T atce Sepatdc bl (RSP

adjustable confinement ring and the confinement block.

15 The method, as recited in claim 14, wherein the moving at least one ring, further comprises,

lowering the confinement block so that the confinement block rests on the second adjustable

confinement ring.

in any of claims 14-15, wherein the lowering the first adjustable

16. The method, as recited
confinement ring, the second adjustable confinement ring, and the confinement block further lowers

a third adjustable confinement ring between the second adjustable confinement ring and the

confinement block, wherein the third adjustable confinement ring is spaced apart from the second

adjustable confinement ring by a maximum distance separating the third adjustable confinement ring

from the second adjustable confinement ring and the confinement block is spaced apart from the

third adjustable confinement ring by a maximum distance separating the third adjustable

confinement ring from the confinement block, and wherein the lowering the second adjustable

confinement ring, and the confinement block further lowers the third adjustable confinement ring,

wherein the third adjustable confinement ring is spaced apart from the confinement block by the

maximum distance separating the third adjustable confinement ring from the confinement block and

the third adjustable confinement ring is spaced apart from the second adjustable confinement ring by



first adjustable confinement ring by a spacer, and wherein the cbrfimERre0,
bl ock is spaced apart fromthe second adjustable confinenent ring by the
maxi mum di st ance separating the second adjustable confinenment ring and the
confinement block. 15. The nethods as recited in claim 14, wherein the
noving at | east one ring, further conprises, |owering the confinenent
bl ock so that the confinenent bl ock rests on the second adj ustabl e
confinenment ring. 16. The nmethod, as recited in any of clainms 14-15,
wherein the lowering the first adjustable confinenent r;(?g(i] thbe] second
adj ust abl e canf | WpTor AWEcmanéhee fnp frohl the kecbod sdjestailoner s a
t#?ﬁaﬂm“&@ggchggg?&ﬁgﬁﬁﬂg?dﬁ}%g bet ween t he gecond adj ust abl e confi nenent
ri dpgafimiéént Aige. confi nement bl ock, wherein the third adjustable confinenent
ring is spaced apart fromthe second adjustable confinenent ring by a
maxi mum di st ance separating the third adjustable confinenent ring fromthe
segond fTﬁg Héﬁi?ﬂpgls%&@ﬂﬁﬂ ASRETY, whirei thawhoving atleast onerieg furies epnpEses paced

rom-t [

apart e third adjustaple nfinement ring. i LStance
s dpaeriigithaythird edjubliabig corfjngaieRitsing an g”ﬁfcf’ﬂ@?f’é'lﬁ“ iﬁ‘f’rﬁ}g‘"’%q?f 6}?% ‘Fﬁé h%%‘%e nent

bl ock, and.wherein i LhginsReRttheastpiigicdftom thesedondenent ri ng,
arfﬂngrf'?é“eemg W%tﬁgrﬁ{‘ﬁ b %%E%&%t?%%r ower s tﬁggﬁphi r '

| lc(i,ad ust grle t(};]onfi nement
r i RAfhstableGxfiricmenting by « gpaced pub whiskia thesenfinamen plack i5e %fa‘§§ OB S part from

t he confinenent bl ock b he ' ' e Riareddingapide third
act]_m&qdaw@lec@ﬁ%m%ﬁ’ém‘gﬁhﬁ"??‘%%@‘%ﬁ%@? bl ock-and the third

ajoiSeRithErifLRiérh MR ®Atinéndagblosk.spaced apart fromthe second adj ustabl e
~confrnenment Ting by 10 MAR 2005 15 the nmaxi num di stance separating the
‘} hird adj ustable confinenent ring fromthe second adjustable confinenent

Ti @9- i’ﬁe m}ﬁ.% MRtHQEd ifshy o CialrRsl 6- 17, ¥hiaienn (h6 monkrgyatleastidve rimg\furtherat | east
or} “ring, urfj i

her conprises lowering_the thjrd adjustall l.nenment ring
an@mphies dowdring eeecnfibément blork pmtllﬂhfecwﬁp?lﬂefﬁg}"ﬁgf%fg% °é‘stf‘%§‘r‘1r ad %“ﬁ ring
resﬁéFpn t he second adjustable confinenent ring, separated fromthe second
a PR NS | nenent ring by a spacer and wherein the confinenent bl ock
is separated fromthe third adjustable confinenent ring by the maxi num

di stance separatin he .t.hi j ISR Abukds28 m t he
cORf i n&%ﬁ‘@gﬁfl’o@@‘gtfé.m TR F@gﬁﬂg%@&e@gﬁﬁ%ln anybl(lgf Cl ;lbf)rg 16- 17,

V"Q‘fe}[cﬁ&d} Iihe D MinfEcREnt bk restrum the thirdfadjustable corfeBIeNtRRE-| ower i ng t he

confinenent block until the confinenent block rests on the third adjustable

20.  The method, as recited in any of claims 14-19, wherein the confinement block surrounds the

upper electrode when the confinement block is in the wafer area pressure control starting point.

21.  The method, as recited in any of claims 16-20, wherein the lowering the first adjustable

' ) confinement ring, the second adjustable confinement ring, and the confinement block from the wafer

area pressure control starting point to when the confinement block rests on the third adjustable

confinement ring provides a wafer area control pressure range greater than 100%.

9. The method, as recited in any of claims 14-21, wherein the confinement block surrounds an

upper electrode when the confinement block rests on the second adjustable confinement ring.

23 The method, as recited in any of claims 14-15, wherein the lowering the first adjustable

confinement ring, the second adjustable confinement ring, and the confinement block from the wafer

area pressure control starting point to when the confinement block rests on the second adjustable

confinement ring provides a wafer area control pressure range greater than 100%.



confinement ring. 19. The nethod, as recited in claim18, V\/nereiﬂé]t%
confinenent bl ock surrounds an upper electrode when the confi nehent %ﬁgg%
rests on the third adjustable confinenent ring. 20. The nmethod, as recited
in any of clains 14-19, wherein the confinenent block surrounds the upper
el ectrode when the confinenent bl btk is in the wafer area pressure control
starting point. 21. The nethod, as recited in any of clainms 16-20, wherein
the lowering the first adjustable confinenent ring, the second adjustable
confinement ring, and the confinenent block fromthe wafer area pressure
control starting point to when the confinenment block rests on the third
adj ustabl e confinenment ring provides a wafer area control Eressure range
gr £at erad fiaRtabRAUnfidkinenT fing asstrhidp, foreseriva el afea PESSPrRFObL IR 4 o1

wherein the confinene bl ock sur : : gelewhen t he
cowhirlnmase%ﬂoaﬁkem@é%%ﬁ“ %@nggﬁ%#ﬁgﬁl 54 g e lgglﬁ}??gjeﬁente ring. 23, The

net h T eal L B Yorfinefiead BIBck] wharin thdveafer area pressussoniTaly the fir st
ad‘foﬁlgéjeé%ﬁggnﬁé%h%ﬁﬂ%nent r?n;,e t he second, ad] ustabl.eﬂgﬂ%j‘ﬂi@mitﬁi ng, and
t hdevize vhisekimaniaciin ckanfhenwith A expgpelport 3pd 3 gt WU RIS SRSt art i ng poi nt

to.when th onf i ne Life Q8einBR, 8@6@ixhgadj ust abl e  confi nenment
riﬁ@"%f’%l"ﬁ%@be&%?ﬁ?ﬁgrl%gﬁggﬁaﬁl1 %regsuﬁe ra]ﬁge greater than 100% 1 0

MAR 20Q3irst@ordthemdnt eli; asd abl e confi nenment ring assenbly, for use in a wafer

area pressure control device, .whi . ' D0k ie FetWeewieditstand a
cont r olIfiEst spaser #iacRgdg SHE R@ﬁn}%p{lﬁé@&f ustré%l gﬂa cgnfi nement ring

as G fmenfiitk dnd8h& SoiinBRER Block ket whereinghespaceriienatatteshedtathe pr essure control
device Is used in a vacuum chanber with an exhaust port and a gas source in
""”‘jlmhﬂxmnhldgttﬁ-on with the vacuum chanber, the adjustable confinenent ring

assenbly, conprising: a first confinenent ring; and a first spacer attached

to the first confinenent ring for providing_.a spaci ng bet .fhe first
carsf i nanesdjustablegonfmknientringasser At usgvaew%&"&%"rsé‘%ﬁ °?‘H}§ﬁ§€"e{%%r i s not

attached to the. confi Her f8Prai Adloiedrmgliee aipmddbleenent ring
aSEeRAARPIFEs copfineme igﬁ\%aé er’ %lrngg or esshsﬁie% control device, n\t{\% ch conpri ses

C Qahfia iR Hind s@aHblnant the canfineniehtdlodkomhergingthe yaten arep BRETH R EP adj ust abl e

confinenent ring assenmyl d the i QGK fluin@hedcioh Rethwaf er ar ea
pr‘l@slﬁ‘tjlsé‘%ﬂtarvéP““"&iéﬁr’%é}/}”ﬂQﬁ%8’@1?%(}%%&2& m Scc;%gnber " th an exhaust port

ANl Ghc@ABS cHMBeE 8hd Sljhdrabldeon@namnait ring assetobly, comprising:
a first confinement ring;
a first spacer attached to the first confinement ring; and

a second confinement ring, wherein the first spacer provides a spacing between the first

confinement ring and the second confinement ring and wherein the spacer is not attached to the

second confinement ring.

26.  The adjustable confinement ring assembly, as recited in claim 25, wherein the first spacer

provides a minimum spacing between 0.005 and 0.060 inches between the first confinement ring and

the second confinement ring.

27.  The adjustable confinement ring assembly, as recited in any of claims 25-26, wherein the

first confinement ring has a thickness between 0.045 and 0.180 inches.

28.  The adjustable confinement ring assembly, as recited in any of claims 25-27, wherein the

second confinement ring has a thickness between 0.045 and 0.180 inches.



t he vacuum chanber, the adjustable confinenent ring assenbly, conp ‘ﬁ@ﬁgﬂmﬁ
first confinenment ring; a first spacer attached to the first confine t
ring; and a second confinenent ring, wherein the first spacer provides a
spaci ng between the first confinenent ring and the second confinenment ring
and wherein the spacer is not attldched to the second confinenment ring. 26.
The adj ustable confinenent ring assenbly, as recited in claim.25, wherein
the first spacer provides a m ni mum spaci ng between 0.005 and 0. 060 inches
between the first confinenent ring and the second confinenent ring. 27.

The, adj.yst abl 0Rf J ge%n}t i i 28 7BF Maina D 5:238¢ wheadinithe wawyuof cl ai s
25%726, %ﬁé‘?jglsneﬁ%@é#l rst1 ’g%ﬁ!??\cgﬁeg?b[i ng has a thickness. between 0.045
anghaRbdd0rthed chaprise? 8n upieecladiods.taal Metcshthe FEHERMCER g S ARIBFY  as recited
in any of clains 25-27, wherein L R&IRBnehti ity th86 a
trﬁlexkﬂ%rslgrgﬁféb%%wlﬁ?fé‘a%m&ﬁ&%gfef@%}é}i%%eé’ﬁg‘ge?%ﬁmi&é 20058%?7 o adj ust nent
rirg%ﬁﬂ%g?{}mi Al hEBht'8 ik R ittt wpPyr eddctroi@i ms 25- 28, wherein the vacuum
chanber further Conprises an upper electrode, and wherein the confinenent
ring has an inner dianmeter larger than an outer dianeter of the upper
electraode, .tg a | ARIER Ny bNPaiti@ 25629, whireih thocanfinementcal hei ght
t sur&gﬁﬁﬁuﬁﬂlghéu@gea%gglbgg?%%ege. _S%ﬁThe adj ustnment ring _.assenbly, as

I §rigtfBiing d\gap oy betiveal ADIRS 802500 inshesdieivecn AF RO e ng forms a gap
of betmeen,o.g#Z and(ﬁ.qgoo h&ﬁﬂ§%19§%%g n the inner diameter of the

c clepiineaephiing S WD difaet er of the upper el ectrode. 31. The

adj ust abl e confinenent ring assenbly, as recited in any of clainms 25-30,

further conprising a second s er for providj i between the
“pedond Tooadipsteie prnlinFRENtArg af%"rgl%ﬁ’c B%Ff‘ﬁee"?% ﬁ‘fd’ gf@%ﬁg %W%e agl 11&; stabl e
confin ol %ﬁ.gﬁi}bw- % shifid RGvédn thasecofd ainfinerser? 5ing and ther t her
COCI%TPPSlfqggigecgh{ﬁllar@% C nfilng%en? rigng; and a third spacer which provides a
S patfintgnebebloden t he second confinenent ring and the third confinenent
ring, wherein the third spacer is attached to the second confi nenent ring,

but not to the o _
32.  The adjustable confinement ring assembly, as recited in any of claims 25-31, further

comprising:
a third confinement ring; and

a third spacer which provides a spacing between the second confinement ring and the third

confinement ring, wherein the third spacer is attached to the second confinement ring, but not to_the

third confinement ring.

33.  The adjustable confinement ring assembly, as recited in claim 32, wherein the controller

comprises a hanger, and wherein first, second, and third confinement rings are adapted to receive the

hanger, wherein the hanger is able to move the first, second, and third confinement rings from a

maximum spacing to a minimum spacing.

34.  The adjustable confinement ring assembly, as recited in any of claims 25-33, wherein the

first spacer extends from a surface of the first confinement ring.

35.  The adjustable confinement ring assembly, as recited in any of claims 25-34, wherein the

first spacer is extends from a surface of the first confinement ring.

36.  The adjustable confinement ring assembly, as recited in any of claims 25-35, wherein the



third confinenent ring. 33. The adjustable confinenent ring assen‘?lg/,Mﬂﬁ 200
recited in claim32, wherein the controller conprises a hanger, and -
wherein first, second, and third confinenment rings are adapted to receive
the hanger, wherein the hanger is gpgle to nove the first, second, and
third confinement rings froma maxi num spacing to a m ni num spaci ng. 34.
The adj ustable confinenent ring assenbly, as recited in any of clains
25-33, wherein the first spacer extends froma surface of the first
confinement ring. 35. The adjustable confinement ring assenbly, as recited
in_any of.clai 2 i ink kG lowefac Bk atjusteblt emdsemeom a sur f ace
of fifs a?eir}ssgpacggﬁpe}rggﬁéme%?{ﬁglw?{%fhﬁ%ﬁg adj ustggf)l e c};lnfi nenent ring
asls,,@%mgé{nb]ﬁs recited in any of clainms 25-35, wherein the 10 MAR 200 18

first spacer is spaced apart fromthe controller for raising and | owering
the adjustable confinenent ring assenbly. 37. The adjustabl e confinenment
ripg aSﬁlg%h%abl@Eoﬂfﬁl@hkﬁqiﬂgﬁs@ﬂﬁbl)@ﬁs ebitddin aRpeBBaimaREr36i thtrﬁlé thg | r st spacer
provi des a“m ni num spaci ng ox_about 0..025 inches. 38. An adjustable

C ofidsi spaEe ptovideng mirmemizpycing oab0ed-§27 BCRAf er area pressure control devi ce,
whi ch conpri ses confinenment block and a hanger for raising and | owering the
adj ustabl e confinenent ring assenbly and the confinement bl ock, wherein

t heg, wafay adpisRBleRonfisasicnt inpassahblydervisedn p vafes atpaPFsETs SEROHHSrber with an

exhaust port and a gas, sour in fduid. ' | ddustdblte vacuum chanber,
t hwhighigamaprisen ‘@“@W?’ﬁg‘?ﬁ]ﬁfm‘fﬁ@'ggsflgg}ﬁgﬁ‘ '{g%gg%érrﬁlglﬂ\r‘\!gg "2 first confinement

ri %ﬁ&mhﬁ 1Rerhtl§ Sha e LhiginemRAEslockawhereinrtbie wofef ane presurg ¢aagobdapt ed to

recel ve anger; wherein the hanger changes th i : en the

: ;I desice tsonéd inarvapnum chapbsnwith 4 e’é@b’ﬁ&’&“é‘ﬂﬂ?ig esr?vgﬁcte%? Pﬁ@;%}é%@?w@st spacer
tti]ac hed t z*nﬁbrl-? 4d ‘ﬂﬁﬂgo@pédn\g}ﬁgyﬁaﬂ rihk AgeMBY, ozt bet ween the first and

s n r

SO ST hemen I ngs, erein the spacer is not attached to the second
conf i naMeatconfirementuing adapiedtayeedive thp B¥ECTpr ovi des a mi ni mum spaci ng of

bet ween 0. Ogg@%%p%w?ﬁgg AAIAEER ESART harfsBs vhefchi th6 GAfgeneimpés thé ng and t he

second3&g erein the spacer is spaced apart from the
hagpade between the first confinement ring and the second confinement ring; an

a first spacer attached to the first confinement ring and disposed between the first and second

confinement rings, wherein the spacer is not attached to the second confinement ring, and

wherein the spacer provides a minimum spacing of between 0.005 and 0.060 inches between

the first confinement ring and the second confinement ring, wherein the spacer is spaced apart from

the hanger.



