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BRIEF SUMMARY OF THE INVENTION
[Para §] The mvention relates, in an embodiment, to a direct drive arrangement for
controtiing pressure volume within a confinement region of a processing chamber of a
plasma processing system during substrate processing, wherein the confinement region is a
chamber volume swrrounded by a set of confinement rings. The arrangement includes a
plurality of plunger assemblies configured for changing the pressure volume by vertically
moving the set of confinement rings. The arrangement also includes a plurality of motor
assemblies configured for vertically moving the phurality of plunger assemblies, and
recording a plurality of set point position values for the plurality of plunger assemblies. The
arrangement further includes a set of circuits configured at least for driving the plurality of
motor assemblies to move the plurality of plunger assemblies to change the pressure volume
within the confinement region. The set of circuits i3 also configured for providing power to

the plurahity of motor assemblies to move the pherality of plunger assemblies. The setof



circuits is further configured for
position values fromthe plurality of notor assenblies.
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[Para 7} The present invention is tlustrated by way of example, and vot by way of
Hmitation, in the figures of the accompanying drawings and in which like reference numerals

refer 1o similar elements and 1 which;

[Para 8§ Fig. | shows a sunple diagran of a CAM ring arrangement on top of a top
plate.
{Para 9] Fig. 2 shows, in an embodiment, a simple cross-sectional diagram of a direct

drive arrangement within a processing chamber,

[Para 18] Fig. 3 shows, in an embodiment of the invention, a simple diagram of a direct
drive arrangement on a top plate.

{Para 11} Figs. 44, 4B, 4C and 4D show, in embaodiments of the invention, different
views of a plunger arrangement.

[Para 12} Fig. S shows, in an embodimeent of the mveation, a simple functional diagram

of a printed circuit board (PCB).

[Para 13} Fig. 6 shows, m an embodiment of the invention, a logic diagram of a direct
drive environment.
{Para 14] Fig. 7 shows, in an embodiment, a simple flow chart itlustrating a calibration
method with the direct drive arrangement.
[Para 15} Fig. 8 shows, in an embodiment of the invention, a sunple flow chart
ilustrating a control strategy for managing the direct drive arrangement during substrate
Processing.
DETAILED DESCRIPTION OF EMBODIMENTS

[Para 16} The present invention will now be described in detait with reference to a few
embodiments thersof as illustrated in the accompanying drawings. In the following

description, numerous specific details are set forth 1n order to provide a 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
3

-

?gtm%gfm i npl e di agram of a direct drive arrangenent on a top |



'Para 121Fig. 5 shows, in an erribodinment of the invention. a. sinple
fUnctional diagram of a printed circuit board (P( -213). [Para 131Fig. 6
shows, i nwenoamhedpnent of the invention, a |ogic diagr&cm/uskoia/ogdé7sect
drive env ironnent_ (Para 141Fig. 7 shows, in an enbodi ment, a sinple flow
chart |I{ustrat|n calibration net dvmththe d|r r|ve rangenent .
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chart |ihloHik f@hdBnBocsORRY bscBl il Blkerh G ofiBAROI NG L direct drive
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i nvention, [Para 171Various enpodiments are described hereinbel ow,
i ncl udl‘r%]‘» ftsastha fryention may also cover apparatuses for practicing embodiments of the
mvention. Such apparatus may include circuits, dedicated andf/or programunable, to carry owt
tasks pertaining to embodiments of the invention. Examples of sach apparatus include a
general-purpose computer and/or a dedicated computing device when appropriately
programmed and may include a combination of a computer/compuating device and
dedicated/programinable circuits adapted for the various tasks pertaining to emboduments of
the invention.
[Para 18] As aforementioned, plasma is emploved to etch a substrate into semicondactor
devices. Those skilled m the arts are aware that a stable plasma is important during substrate
processing. Thus, the ability to maintain tight control of the process parameters during
substrate processing is essential for plasma stability. When the process parameters are
outside of a narrow, pre~-defined window, the process parameters may have 1o be adjusted to
maintain the stable plasma.
[Para 19} The pressure within the processing chamber is a process parameter that can
cause the plasma formed above the substrate to become unstable if left unmonitored.
Consider the sttuation wherein, for example, a substrate 18 being processed within a
processing chamber of a plasma processing system. The substrate 1s disposed on top of a
lower electrode (such as an electrostatic chuck). During substrate processing, plasma is
formed above the scebstrate to perform etching. Surrounding the plasma are confinement
rings. The confinement rings may be employed to confine the plasma within a fixed area and
to control the pressure within the confinement region, The gap between the confinement
rings may be adjusted to control the volume of pressure on the substrate surface.
[Para 20} To move the confinement rings, a CAM ring arrangement may be provided in
the prior art. Fig. 1 shows a simple diagram of a prior art CAM ring arrangement 100 on top
of a top plate 102, CAM ring arrangement {00 may mclude a CAM ring 104, which 1s

attached to a single stepper motor 108 via a belt 106, A tensioning arrangement 124 may be
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techni ques, it should be kept in mnd that the invention m ght also cover
articles of manufacture that includes a conputer readable nmedi um on which
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CAM ring arrangenent 100 may include an optical sensor 122, which is
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control {1«; ﬁ{ essure environment wthin the confinenent region. In an
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arrangerrent incl udes a plunger shaft that is hooked to the up
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arrangenent, a conpl ex assenbly belt, tensioning arrangenent,
wheel amnmgmm&,onmt e pratee .eM;mrsnmmquﬂhneﬂk ct}m‘umnmt eegphurigen shaft. In
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volume in which plasma is to form. In the prior art CAM ring arrangement, a complex
assembly (CAM ring, belt, tensioning arrangement, wheel arrangement, motor, ete. } is
required to move a plunger shafl. In contrast, in the direct drive arrangement, the plunger
shaft is directly connected to the motor shaft.
[Para 28] In the prior art CAM ring arrangement, the potential distance traveled by each
planger shaft may be determuned by the wedge shape of the CAM ring i each of the CAM
region. Unlike the prior art, the potential distance a plunger shaft may travel may be

determined by a pair of sensors, which 1s positioned on the plunger arrangement. The gap
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WO 2011/ 028599PCT/ US2010/ 046788 between the pair of sensors provides the
maxi mum di stance the plunger shaft may travel _ By repositioning the pair of
sensors, wbeonenessyam di stance a plunger shaft may travelPCras26e/ oedranged.
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poSi t i dh‘éﬂd%habtlbpf\f@ffht’ RBUGH berge et @sewﬁwmﬁe *’trrﬁtserbsebeémﬁtét figsh kDS

addi t1 qaals BONShBhioPRAE BB LG, LARNBLALGY RE A i Yo TRISL LN BOrd e
desi g 1 rrect drive arrangemnen ewer rre ani cal” conponents are
requi readntuc) performthe finction of controlling pressure W thin the

confine egi g t he space prey occupi.ed b the CAM
ring aggg ?@l Hé'éfet?*éftié]ur‘l‘agk{e"‘ﬁ ?‘“%’t%%‘r‘?"“rﬁ ‘%‘Bﬁ‘ e LRe ‘“ﬁe‘r’é Wrd fewer
mechaniial 136l e‘%ﬁ&t(:)t &ath &@W%%tzﬁ@whh% e QG pr Sl a}‘tettf%rrﬁ@cﬂﬂ@ﬁﬁé‘ﬂné& e e

reliable and the cost of maintaining and servicing, the direct drive
arrangermntlem@nIiem:texpénsrtmwf the thg,%@ieﬁbiéwféétmurlesmandsiaﬁvadnagbs of the
present |nv ersto e to the figures

0 et
bna”ar scuBETaHs FniEteoren, STha PSR S S bR S AR T i hent .
si mpl e iGdiQRRmSA6HE AR htrﬂ}raﬁfx% § @ndlicr affordEkdQs A Y-gihse mm&t}mﬂﬁmy\&}kh' n a
processi ng chanber Consider the situation wherein, for exanple,
subst r atletum?pﬂﬁ@oardspowdﬁ ore plopeeshssambhingie et tpesdwt fbg urﬂlddppé%les s
substr rd tion, a plasma 206 may form between substrate
202 ang%g‘p}per pg%i OLg ’gg I n sorrFe) processi ng %:/hanbers confinenent rings
210 nayiPhea En}pl oy&\dsm@tz&om tmeiephasﬁmemtz drRararadddihdnt afetirpheatanpabcessi ng

chanmber that enpl oys confl nement rjngs 210, the confinenent rings may have
attachrf-é‘*ﬁ"tpf’B@itht‘fsmitﬁmt H%Pp‘rf‘i}‘é'? thgfpactiopet AN} “i*égp‘arfr“&n‘gét’é‘rfﬁ‘ may include a

vacuum $6ah&AeRUNGE A SPRkl RASiREORRYiALI SREMIAT b B8 AttAS R RPNt S_

made available for other functions. Since there are fewer mechanical/electrical components,

the direct drive arrangement is more reliable and the cost of maintaining and servicing the
divect drive arrangement is less expensive.

[Para 32} The teatures and advantages of the present mvention may be belter understood
with reference to the figures and discusstons that follow,

[Para 33} Fig. 2 shows, in an embodiment, a simple cross-sectional diagram of a direct
drive arrangement within a processing chamber. Consider the situation wherein, for example,
a substrate 202 is disposed on top of a lower electrode 204, To process substrate 202 during
production, a plasma 206 may form between substrate 202 and upper electrode 208, In some
processing chambers, confinement rings 210 may be emploved to confine plasma 200.

{Para 34} In a typical processing chamber that employs confinement rings 218, the
confinement rings may have attachment points. In the prior art, the CAM ning arrangement

may include a vacuam sealed plunger shaft positioned at each of the attachment points.
)



WO 2011/ 028599PCT/ US2010/ 046788 Sim |l arly, the direct drive arrangenent

i ncludes a plunger arrangenent (such as 214 and 216, for exanple) at each
of the atwechnenssdpoi nts. I n an enbodi nent, each pl ungercCarusangone@st nay
i ncl ude a plunger Shaft coupl ed to a notor via a notor shaft A nore

detail ed d| si.on. of the plunge rran ement will be djsc ed in Fig.
47, 4B ?*a’éa el e gget dye araRBSE 1 ES 1 AR BRPERePRURG &F - Ei] fheéent s
MRy COlfhe ﬁffnﬁ) ﬁ@%l O (il atmm@nwm@r 124 AL AERBRNEcRP ln&er arﬁﬁa{@xﬁﬂo
control ol'une of pressure within confinenent r1egi 218 e plunger
shaft aﬁa\emch!dph whgerr srflangeirén a mayorbes wowed shei t r\aaduieyie(*xupa! dtsm)ﬂlmxo

adj ust t e S _bet ween th onfine t.here contro

anmount Bt B ‘ﬁ?@aﬂ#¥%¥%“fh§ FSE@%E“H@ ‘ﬁgﬁ%%4( qW§¥%e%bw?§PL3$gm@AM ring
ar r angafeRtmb@ TRl Ot AuBHes GAM doheBiiAtiFRNY NBNLe nluRB&HAMAuEISdNRY t he

pl unger shaft to nmove up and down. Unlike the prior art, the notor of each
pIungeﬁW@ﬁﬁangenent noves the plunger shaft w thout haV|ng to first rotate

2, CAM (g0, S8 09RO LR RATONTEBIUOBEE SIAL RoTB % TS

responé rocessing pressure dat S ect e a<set of
Sensor sshaf ue Bach }itﬁlﬁdﬂﬂmﬁﬁﬁsﬁleﬁmﬁx smm&a vaitiealRr @eRs SN g adi@k Bhenmys be sent
to a control nodule 220 via a board 222 for analysis. If the processing
dat a t rsbescsdhe son RS AOIEES. haHgE coralipg deiwminhalpasusenthingbihoar d 222,
o R DR ki | PARRIPLOK(ORlAHPMR kO TP of Ahes BLUNGGHy Shal
vertical l'y in”or to ch he "pressure“vol unme W t hi n confi nenent region
218. | mrangesxangpbkeby Liushhah@pbmg&ssﬁmg tdatae updm&:amaes UhBke thherpressur e
| evel hg be|0wlt5§ @re defi ned thresho& the 8 tmeen t he confi nement
rings riS M9 AR IR0 AR ARYEEE pREePR BRI Sha é‘i“ Wit iR e et
regloanZAﬁiﬂﬁf L ehoatobfs di scussed herein, the termtraverse may include
exceed, | ow, be within range, and the |ike. The neaning of the word
traver s{é‘amﬁﬁ depeﬁ“d: Py sihéismqmer:ewemitm ofspbhe to hvm*ek&ﬁkd@mi’we& Benge | n
an exa he s the, pressure val
2t | eadtestesnt GRS ST RS PRb e SErp et e b LREBES s have
traver seh mhPBe tdwk @SN o! Mﬁ*ldu%/l!'z@ﬂg@a bbartine2 BHaSaHLR. Vﬂk}k‘ﬁx RaSiMBlatPr
exceed the threshol d val ue/range. In another exaqple if t e reci pe
Fequi r dgverses prsadoklrane. dsirupomsexaris sent odopsl BE siich may Gen deikesn t he
proce55| t \ ed t @(e h |q u n g ure
val ue K gg!g n%?q Zn&a@xf\& WE\ rﬁé\t au@ﬁhtnagrvsa ﬁe rrhag%x ﬁ{ lE g ax?cg !:}é’}q‘:qﬁ‘* Brrésﬁ%
an enbogibwentvithin dob\ﬁmmmrsémmmﬂéa Bnmxeme;ﬂeag"rtﬁﬂp@teqauﬁidqec;hdﬁaﬂev&aat
arrangepent 300 on a top 302. Direct drive arran?enent 300 i ncludes a
set of Ipf Bfgaye 5?«%%8@%&8@ p(ﬁta@ziﬂlbédmbhehﬁfm behees e pediFRcpoRied 310,
such asya, l?é’ ;?cgﬁs%gj t%'cr)ﬁjé&ttth? ALl ROB) winhRlobt ﬁ;én%z Rl @ 1, no additional
mechani cal /el ectrical conpohents are required to nmarfage the pressure vol une
wi t hi n [Phes 38nf i me:rr&sxtussam&semAhemmmtbeeappmcnau@ﬂemm fall bellow, be
2011/028A993§T/U ﬁ%6£88 fromt} for§30|ng di rect drIVﬁ ar r angenent
300 is WU HHIES. be PRURG BRBA Y F  EEVSECURY EPRE BB Hsi cal space
on top l%lﬁre%k%% ﬂz@@lﬁuﬁﬂ@i L 1&&4\4\&&1@& “i’i"tﬁ@ﬂgﬁiﬁ@&unas'"t'hcolﬁrj@ﬁﬁxré"or ds,
many of the mechanical /el l'ectrical parts that nmay have been required in the
prior amtueCANMerimpleatortsrg &gt cdmavew dhec Orew thmp@mﬁ%wgu@m i coisedeeed @r i ve
arrangenen d .haye, . ted. For
2t angden i str EIBE AP RE R BTG Prsre TG BRIt or RadeE bl by
ar r angenBitran@ 18\W8RhENS SHRO Rk 1@ Fde®d bglinarnsl pesel: agud e sREI., drbyer
board) to performthe function of managing pressure .wthin the conf i nenent
ar ea Adebanaaluggperodic fredsiinoidte hes tmee@ggﬂ hegihresheld ol rangsribtheryesaure
enbodi n Ul ..the direct drive arrangenent may
al so bg%ﬂ%iagﬁgﬁﬁgﬁkﬁﬁ&ﬁq%%ggﬁ%hgﬁgg%%60|rCU|t board if desired, [Para
391By qk’nm B®It | ngripot thonmcinani edlodanehelf datint nﬁﬁzk}ﬂ&ﬁmhﬁnﬁﬁmlﬂﬁh&izmhy si cal
space on, top plate 302 is avail abl.e to support other functions. In
addi t i ShIveRFRReT NG A O%RR A LM P}awe/»é’l»-eé%!mbéw«%f?ﬁaﬁéﬁets‘%tnﬁéﬁl@he@ét $lener
pa”s t@m?tiéPQ]Q wﬁmtehﬁ ISRy b@%ﬂ”’(‘}@) E:'il?a SRl tﬁu‘%n@ﬁ‘ﬂ) Q&@Pﬁ@%ﬂkn&?&k@u Al so,

th fewer” hani cal /el ectri cal parts, nore control over ‘novenent is
pr ovVi dém‘ma:ﬂd’(lEﬁss nbikb tiat pran a iannmﬁxﬂumeﬁ nwhlemitdielcadjculstomgritients areade,
t her eby ena%:|n better contro# over. .t he pr?ssure rangePand better
r esol ut'FOHIC T TEHAET PERTCNTE O S teY B IaT A MERTHe NS4 FRARICHARY ¢l es
are generated when the mechani cal corponents come in contact with one
another in order to nove the set of plunger shafts in a vertical. direction
(up and downy Since particles can contam nate the substrate in the
processi ng chanber, fewer particles being generated provides a cl eaner
production environnent,



[ Para 40"Figs. 4A, 4B 4C, and 411) show, in enbodi ments of the invention,
different views of a plunger arrangenent 400. Fig. 4A Shows, in an

enbodi nernwoab1itdgsnvent i on, a cross-sectional view of &cpluse@en467ss
arrangenment 400. Plunger arrangenent 400 may include a notor assenbly 402
and a pl unger . assenbly 404. [lParwa 411Mptor assenbly 402, as shown in Fig,
413, i &y 53"0%0@%6%/]‘3‘# dppR RS BER G Wos 9 &1 TAP RBEOFORDIE! A RRRIEHI8YI nent .
In an erbodi RRl ok AREOL A2 lop Ip%tg 20Da%8 I%}ﬁﬂ{?% (TRE Pfing ik BehN@yPr i OF
art CAMring arrangenent, not 422 1s a ch smaller nbotor.” in the prior
art CAMtharimgdamangd tennechanicargertrivad pons atirapbaw Bephapeed irefhperionot or)

is required,to support the various pl ers and the CAMring assenbly.
Howevertt ¢ e BRPEEirear e tar gD aulis e s ReRT | 2
associ a6 hdit dlinhihSre@ Ao @b Mple, HREHRKRE Qrrad 18neNPEOY diBobEecd tBéahhver nDt Or
since the notor is required to support |ess conponents. Although the notors
are smablg, thedwlinde spsicars: wapaphentofr dviep thargrons! dicny besiddsedhans thaewrt he
wei ght cﬁ‘fve;c Qﬁ?&ﬁ{sf}e:tp.p%r'f‘oﬁﬁ me' ey c[s).lltql“‘rn'kﬂx%gfm"p@]es_ nreeiw%ﬁtg hﬁ%@»})ﬁng%ﬁ me"zf Aover 1S
| ost during e ti‘ime en a robot ‘arnei € et ther placi'ng/ renovi ng” a

subst r a8 bk Applatiacif®m MHedbREsinagIghaph e bref&redhbodiment includes one circuit

2011/ 028599PCT/ US2010/ 046788 t he set of confinement rings is not .

acci derioard: greghss @ GHEGLeHENdPYSHIPEMERINYRCE BEB R HAanHE CBBYt damagi ng
t he suq%tafﬁtf%e%g/ or robot arm_ [Para 421lin an enbodi nent, encoder 420 is
configured to record the set point position value of the plunger shaft. The
set poifRurpd%i t i ddy viahmetingsbsidnaybehitd atd elecireluicinpoaand, madipthsitdien
forwards the data to a control nodule. The set point position value is

stor ed SRARF QPP ip%éfa?Qi’owé*awi%n?%@émwéwhs»'e&u}?%w ?%@4*{3% TR for the

pl ungery,shakit mh&l iéaﬁ‘@?l%@;?e%%éf FrekEXE oW D 1d ARpEQNHERETRACHEWON 1S
outside of the threshold range, which nmay be predeterm ned, !Para
43Conneetiitigpigreogencid 20sts.0Akot wrth 4egeritsechamotioiecthat pad mordbigrol shaf t 424

tend f th t ly.into t . f .pl nbl
T XS, LT LS P SSERLY B R DS RREL B0, oL PRI SRS Y

a Crossmapield QaRk codiRNo@l hdgrebREY: 0k PIUNGRF rRASHAMRI th ARdionThehBody: Of
pl unger assenbly 404 is the part of plunger assenbly 404 that is positioned

above anedhprishlaoeeoents [fPapepardce ungereraicd slih (heavarbpmipaliossipgtients housi ng
430. W thin housing.430. is.a coupler 432 . which is configured t.o.connect to
notor s Lgﬂl f ﬁg%iggg%hn(éme‘{r@méﬁ?l @%"'g{ﬂﬁ?%\ﬁgﬂe}}f{\@%ﬁgp lu?}ﬂ‘?ff%gﬁigﬁhae‘ Loﬁ'li)”i(%si te end.
Di r ect | girchebiotpeadpben) 48ace parackl ag d3amihme alte aib@dt temt prddesagnd 36
encircles part of plunger shaft 434 and is attached to plunger 434 via a
set scrc’@@\ﬁ‘gﬁ"tf@“é,fﬁ@éiﬁ)c}ﬁs@Vméét&@a%lﬁiﬂﬁ@f‘f‘ﬂé‘{:}‘ YA POSHIRPIGRTBOPREHger shaf t

434, t \I}ga%l I'S yaks Qf{ Lié?g(?ﬂﬂﬁi 4 Qﬂmi\ ) Ei%h&iiin%ﬂt%ta? t'},fy. HESW ?gﬁ%&ﬁmll in

ot her rds, flag 436 novés W th plunger shaft 341_ [Para 451 unger

assenblwewtOdf nplyngdh soangohad 0@ Fipr $4 shens dn ad 8@hédhmot ditbsvimvastian, a
cross-sectional view of a plunger arrangement 400. Phunger arrangement 400 may include a
motor gssembly 402 and a plunger assembly 404,
[Para 41} Motor assembly 402, as shown in Fig. 48, inclodes an encoder 420 disposed
above a motor 422, in an embodumnent. {n an embodiment, motor 422 1s a 2-phase stepper
motor. Unlike the prior art CAM ring arrangement, motor 422 1s a much smaller motor. In
the prior art CAM ring arrangement, a larger motor (such as a S-phase stepper motor) is
required to support the various plungers and the CAM ring assembly, However, in the direct
drive arrangement, each plunger arrangement is associated with its own motor; therefore, the
motor may be a smaller motor since the motor is required to support less components.
Although the motors are small, the motors are capable of lifting/holding more than twice the
weight of the set of confinement rings, in an embodunent. Thus, if power is lost during the

time when a robot arm 1s either placing/removing a substrate infinto the processing chamber,
8



hone sensor) and a second sensor 440 (al so known as a far sensor). The

maxi mum gap between the sensors (438 and 440) provides the nmaxi num di stance
by whi ch wbuengens®baft 434 nay nove vertically (up/ downpcmhuseoiplowstger shaft
434 is enployed to adjust the confinement rings surrounding the plasma. in
an enboglnen t he maxi.mum gap bet ween theﬁgenso s (438 and 440) may be

adj ust 8¢ B} OhBeIRCPPnL R REt achileriatly drapenid oi8 feshsubsirde pay *&1 gts ’aﬁ‘d screw
422Db) L en eS8t are enployed to set the sensors at
a fixe&hp05|?§g£gg%g§rghi%%igﬁgﬁéﬁﬁggﬂﬁnbodlnent the sensors (438 and 440)
are attifehed?}t o atnﬁnxedmﬂitmmk enmhréhhlss:@@tigmeéemmmdM@msmaﬂ pesifibxed

p05|t|on an h C rst sensor adjustabl e in other
hords. e Gt SrREbfi A wopRiLedaar W b o Bt R G hsBethign « ne
sensor S{herpﬂxlr\)( u%le 'ii%V\ﬂa%Qt%ai doasSPGhatied The b phirk pbsifONSALE 43 red Sud @AUeHed to
be adjusted. [Para 471lin an enbodinent, flag 436 is configured to travel
bet weerioehletlpigo: Bens Peint AGBUANRIMA DY thepelpaxres skafbwhemthe pprssTedeichyithin ag
436 is tﬁ«g&mxﬁ ﬂ’mep 1@8;05’1(?55?151 e (}PEf]eQ}z%Q%efﬁ t‘sgf\b\}n?‘l%i}au% %e% :tms{edf lag 436
br eaks FIER “BEAN © rrst sensor di'scUe¢I6n about

i nitial{pasd 4PN anthm@atinly @lchb@i 426 wprevirded id Hndid:3hk 404, SPloagishit 4340
2011/ 028599PCT/ US2010/ 046788 | Para 481Al t hough flag 436 is configured to
travel st EprdhpuoRs ekl iﬂ%fh%*ﬁ%‘éﬁ?sm oA piueay qthsq?fﬁh‘»b‘é‘%@ oW an
embodi nERt, 4f il ag- 430,018 kegnﬂiclﬁﬁm Rl o 10 DA, Of cB8EQRY o ﬁ@f af%g

ot her wor d3, second sensor e set at a 05|t|on suc at flag
436 brdaﬂsfﬂbbmgptm@nﬁmpeam16&&8@3&ﬂd>&&ﬁ£&ﬁeﬁﬂ&=QMheﬁmqmﬂud@mﬁ@m

environnment within the re of the confinement rings may be at a
pr essurd¥eY ﬂ}ébgﬂmfﬁé¥“ﬁﬁ “ﬁgﬁ“ﬁétaéﬁgﬁ?gﬁfe for substrate processing.

[Para 48LR} woer @sSelond s fle Rk adloda, i A igAPRAIRNI ianose- end
portion, as shown In Fig. 4D, The nose-end portion is positioned bel ow the
top summap§¥é$“wdmimhavahwﬁslmmheuhaswmwhuQb@&ﬁﬁbh@oﬁe@hhn@eﬁwagsewbly 404
al so |n shaft -.end adapt 80 cou 1o pl er shaf 34.

Shar t - ot a5 ot 4R Sheweifg RePuBedov R ER R Bagdehn nanbodiEhitt gur ec
to | ocky.ente e‘i‘tb@d@@]};ﬂ barOhf }Q@Im{,’lf Riereaty Jridriﬁl&t %&ﬁéd topienablies ther &eberdf (not
confinement rings be noved when plunger shaft 434 is noved

verti cabpynl upy aktmh)n" iﬁwa%’*éz BELThoste 1%441&461‘ @@iﬁ*ﬁ*& the Taets araclivmdaositivhat t he
regi on .ah At 0 n,.a phe. envi t the area
beIOM/fgiaY?m}&%w@ i]%Mﬁ”§4 %Héﬁﬁhggﬁgggi?g({hﬁ‘inﬁnﬁgpﬁea‘ ?Q#hg vacuumned
envi r orjiani 4$}r ommh&eahmﬁx{bhemun‘namﬂbcﬁ anrtepts, g fushiding (denpenenis 486 and a
set of seals 474 such as quad seals, O-rings, and the i ke) may be

enpl oy d¥mieseg sl mz:s‘f i secpid prneerstiildalge kreve ﬁté“éét’%@é)n GBS UBHEAPT onment s.
in an erhodl MROL, m&’d?ﬁ‘i?ﬁ%d‘?&%’ Q'?He g%%%}{mﬂ{ §9ah& §R n‘é}{%gﬁﬁ,% gikde

pl unger shaft 434 as pl unger s 434 Toves in a vertica rection
(up/domﬁmrn@mnohheﬁumﬂhdspdbha}uﬁamphmtmhhwhﬁﬂgvnmmﬂmhﬁnbqéﬁ&wﬁe keep

pl unger shaft 434 strai vent from wobhbl |n9§Hn1n|nlzes t he

Dot ot 1o b aga g dishiahimE R HOR b By e e B GEOTRY an
uncont gl Ledos st ﬁf&#&m@ HAGER %iﬁﬂl@&ﬁ I R n'g?oti"tﬂﬂr tﬁ@k@k&gw@ ikch Gl SSew
generation. [Para 511Fig, 5 shows, in an enbod i ment of the invention, a

si npl e ﬂih@nqi sma»h 4@;-1a)grlamx sfubadishant uhit sdb saees CRCBBOGK, to ket thisewbiod! aent |
PCB 500, a 3 axis stepper driver board. Unlike the prior art CAMring
arrangéﬁ@ @0“8 y a single circuit board (such as a prinmed circuit board)

is reqypapd4dlo CORthOheRdhbddHER BlPROE: (T08 QRS 450)NELakRReS1B fifsd Not or s
reqU|re | ess power fromthe PCB 500 to drive the pl unger shafts. As can be

appr ecitdedd “Thﬁ@ﬁﬁ gend %ﬁrné@ow?gs at t‘mﬁh@jﬁﬁ@nﬁ‘ﬂéfﬂ@rwéwf@rﬁétﬁtﬁ@mm #htisudes
only a q%lixpgalb% 01}%%%%' tsxo? X theﬁaEi Q?aé%h&ﬁ@ttig g %ezg%cr%\& AT Mo S REeen the

i npl ement € e crrc
sensors, only screw 422a (associated with first sensor 438) 1s required to be adjusted.

[Para 47| In an embodiment, flag 436 iz configured to travel between the two sensors
{438 and 440). Before substrate processing, flag 436 is set to a home position by plunger
shaft 434 upward until flag 436 breaks the optical beam of first sensor 438. A further

discussion about imtialization and calibration is provided in a later discussion.
9



[ Para 521in an enbodi nent, PCB 500 may include a control nodul e connector
522, which enables PCB 500 to conmmunicate with a control nodule 520. In an
enbodi merwo 20om289p nodul e 520 may i ncl ude a user i nter Patascanpud7shg
nodul e (such as a cluster tool controller) and a process nodul e controller

(1 ncl udin ne Wi P_ ar user i nterface conputing nodul e may
be enp eudtls erﬁ@i@“ﬁ« a&éggp%c%‘ﬁam@ﬁéo RIS L mw*he two

2011/ 0 0%@5%9?@1 2HPAGQ/ QAGEBE, GOBLEQN bR, oY, 8 cSREQYIRA he aPRGHOGM

conpari son and det eri'nine a new set point pdsition. val or the plunger

ar r angesentd sshem difiel 1p¢»té@'s\wiés | sevmid %a@rﬁ#amn SiE(tEBat[mﬂ?@dweﬁm hibett if hr eshol d
range, an enb y nfigured to receive a set
o s D SRS B AL IO Haed 56367 410 thp o ERasreE Gaprey SiEadeat e
processkagn ot fheldd@iNBEE ¥ings hAV ek of ableSsiPibS 161 Bht BaPradRLRE PRI for

t hr eshol d range, control nodule 520 nmay sends a set of instructions to PCB
500 tosﬁb‘iﬁ@tﬁtﬁ@twwﬁger arrangement to adjust the pressure |evel within the

cont | NSFREN 48i°9" g 05 28510004 M5! EUCLLODR 13X cLAShHIR. 3588 AL dlbgCt o0

si gnal unger arran enen ew set "poln

val ue. gsRasen 54};Ion4ian mab@ﬁa wﬁmmﬂﬁB ﬁ@@aﬁ@%éim kiedep a,ms;e;te c@fm hlagger
arrangenent connectors (such as connectors 524, 526, and 528 he set of

pl ungerwér ﬁ“&ﬁ@@ﬁ@eﬁ%ﬁ paHpeet e pasnbly Breisopchgerpmnintekaderar 8t 1y with
a set %ou e!:i' @tgﬁl{un%égptgg@n%l?’tff—é?cﬁ’td’igféﬁ%@ﬁxqi %@Qde al‘{[;'!lu! %ﬂf\a eb@bpr Eh ﬁrt CAM

ring arrangene 0 does not e set of ctions o anot her
ci r cui tecobBandd (slach oas thiet rasmmrmﬁtmcuenmb,oﬁﬁdaa gnalns t}eadt oiRCBfibaBert S

B R
connectipns, 624, H2R. siandy &%ﬁé m%& £@Re BEy EieéR%guﬁrBT% g%&%fréﬁ Pf&et & it of ggoi ng,

t he nunber of° connectors may depend upon t Th pl unger

arr angewmm;éxei it PavinSset whie therbodialentop PEB 4900 mayvdseupohéigunennt o
receiv datafr m the set ar rangenent s- Ns. af or enent i oned
| oo B DR B E N R RL s e HA SR G AL ek teThe st

poi nt Q%W@{i 4%8laH® 2 Qf: FaAGNs PYUNRASK a PG f@REATREindS afEgRNMe By beach
encoder and is forwarded to PCB 500, in an enbodi ment. The set” point

posi t i camniayaddo efal ebiche pteaﬂg@dd&mlﬁﬁ@@mﬂ tiegwokRaniLE BPRIRE-dBAT 0 cont r ol

g[z)gu![ g gl%qud; nt'? i?us[’smgq leé)f}R@ﬂ%M% ggag\sl Yo L m i (T%UL%WE q;&qg) E nﬂ:ll %r)&tr_ﬁ rmdul e

ar r anggignder Mﬂﬂhﬁnweeﬁsumchm&knm Id}i ‘duviie [ onbt wenknthe ruezguetm i's
determ ned to be outside of a predeterm ned threshold range. gPara 561in an
enbodi BEPINE POBPGIO ABY aiesh PhBR ORI dF el aight i@ﬁ@mtdemdw)émb ligHe set of

pl unger aﬁ}ﬁ{xﬁggﬁl%meﬁtml d&?f\:?%?ﬁﬁ?%fin@ﬁxle%%x@ (RN Rl?}fmﬁ\"\‘lutd%h ing: that may be

enpl oyed to turn‘on an e power of " eac pFunger
ar r anganeottroijeRanbsta wmcamﬁner&‘hadmm axx@ﬁl@mﬁ@ﬁltm amhsnatmmcl ude a set of

calibrgﬁ; on gutt s 5 4 Set i Libration buttons 514 be g.np! o%/ed to
cal i br il seth Ymﬁg'é’rm‘dfr"f' WRYBTRE AT S SIREHICRE? El”&éerﬁém BRESERAG syst em
is | ustmldm{mb&@qpeg bt eh 8nRlARsR, Braces %n%§y$£ﬁ &ﬁirfaﬁe&
serviced. A discussion about calibration is provid in a later figure.

board. Unlike the prior art CAM ring arvangement, only a single uium‘ board (such asa

printed circuit board} is required to control all three stepper motors since the smaller motors

require less power from the PCR 500 to drive the plunger shafts. As can be appreciated from

the foregoing, although a preferred embodiment includes ounly a single circuit board, the

direct drive arrangement may be implemented with more than one circuit board,

[Para 52| In an embodiment, PCB 500 may include a control module connector 322,

which enables PCB 500 to communicate with a control module 520, In an embodiment,

control module S20 may include a user mterface computing module (such as a claster tool

controller) and a process module controller (including one with a VOIP board}. The user

mterface compating module may be employed to enter the recipe and the process module
10



WD 2011/ 028599PCT/ US2010/ 046788 | Para 581PCB 500 may al so include, in an
enbodi nent, a visual display 512 (such as an LCD display). Visual display
512 may bwoenplmg®wd to di spl ay data about plunger arran@emarsteLo/okeT8&N
exanpl e, visual display 512 may display the current set point position

val ue of ea? %P ger arrangenent, the nBX|g§E mdifferential between the set
poi nt  Po8Ie *Bﬁ“%)f Lraaplgyec ‘Hé’EHPUﬂg%*F‘P%l?‘W&ﬁ@ SPRITE AHEVEEEPYRRPSHION he f1 ag
in rel kit &_t@mfeg}wémﬂmﬁmy ?I-w.%. RQWEHK,sRENBY 41k F%adéﬁqudeach

pl unger arrange an Para 5911 n an enb di ment, visua
displayhﬁ%mﬂdﬂa$ealso be enployed to display alarmwarnings. In an exanpl e,

if the u ovver b in yrilized is above a predeternmn dﬁt_hfrﬁeshold
val ue, |EAPEPS m Ay aRapaycs SORErkDs TS RySTA et ROUPHEa: i on
to a ta&hﬁkgma@ AR SR, Rﬁtzﬁ@Rmﬁbiepcﬂlﬁmw&%qudﬂe AROERRE EXaTRE&urd kvdihe flag
of one of the plunger arrangenent breaks the opti cal beam of the second

sensor ,falnoukide af ﬁlﬂas,i‘dﬁiéffﬂlmg riwélaidtr@nmwmtwitm@dmmm sandph set Pot ent i al
pr obl erﬂ%t#mc 0 QR g{}{} b, 850 evﬁxre hﬂn%{]aﬂ (%?Qﬁl&ﬂ?{}tad L b Q;‘%esm{ gRLLAD ?h"ﬁal/ogl ¢

di agram o adirect” dri ve envi dri velenvi ¥ onien

i ncl udeh@chgpethefOdploaudhe as & itiupti et Biy Bulute Q@F@ﬁd dir&gicafsamanrgnt | oned,
board 604 is in comunication with a control nodule 602 and a set of

pI unger““a‘flf%ﬂlgéﬁ‘@h‘t%m(‘ HROMEBRY 4 MPNHSCE RO PO YBoar d 604 has a
-dir 3%1 l( 5 23 3%% §8ﬁ’)§)«§ nﬁm@%% 580 haQindl Oéql %‘g g?&uﬁmg aﬁ%néﬁfxﬁ:ﬁ?l unger

arrang , I'nan e I'n“an exa , board 604
i's conhmgmﬁﬁ@x(@mhecammeuaﬁSﬁm @ﬁaanéﬁt&pfﬂmnszémﬂmmxﬂmﬂmqknmndule 602 and
is confl_ured.to,ggggwgngﬁessin dat a .back to contro modul e 602. In

anot her*CEREYF 8 689 1 g M‘F@bfléac Yo A GRI T PBLET TTHEEMERE | ons to
the set(sgf s‘@huélﬂzeiﬂa@rtﬁﬂ&eﬂ%r%g r k9201630, au%ﬁ%@éx@?@@%& eoés%%ke\{% the
proceSS|ng data fromthe set of plunger arrangenents (6 0, and 640).

[ Par a 62!:L<pi?nmnwmmmﬂm csbnalrlwaﬁtmuﬁaa}s timmqudeiiaﬁhbwmdbdsmad;ﬁ( HoHIX ori ng
nodul e .654 0 ve

posi t1 dn Seifisuetoard 8 SHitgemc o Peasae it Mar it Phwe BT ars Bhgement

has beewaCald WAkt sel BEpBER At ah QimGAkbialor 02 0B cbEnES29) ] aushhated i n
Fig. 7, in an epbodinent. [ Par a 631At a first st\htge 702, the notor is
D

Swi t chegpragiadn! oo throbiasonrs. thernuabes rbounpeints mashdepgndxpe Be apber Hoar d may
i ncl ude ;swi S are configured to control the notor of each pl unger
arrangeph?n E%é%m’t“?l hg each switch to an off position, the notor of each
pl ungerjPars aﬂgenﬁntamemhbdrnmﬂ ratE 50§ Ray de 04diffurad mexte;sé fRcdl4datatihen set  of

confinement rings is set at an initial height. Onc
the set of pluhger arrangements. As aforementioned i Figs $A- D each phmger arrangement
may include an encoder. The set point position value of each plunger arrangement s
recorded by each encoder and is forwarded to PCB 500, in an embodiment. The set point
position value of each plunger arrangement is then forwarded to control module 520, The set
point position values are employed by control module 520 1o calculate a new set point
position value tor each plunger arrangement when the pressure level within the confinement
region 1s determined to be outside of a predetermined threshold range.
[Para 56} In an embodiment, PCB 500 may also be configored to provide power 1o the
set of plunger arrangements. PCB 500 may include a set of switches 510 that may be
employed to turn on and off the power to the motor of each plunger arrangement,
[Para 57| In an embodiment, PCB 500 may also include a set of calibration buttons S14.
Set of calibration buttons 514 may be employed to calibrate the set of plunger arrangements
when the plasma processing system is first mnttialized or after the plasma processing system

has been serviced. A discussion about calibration is provided in a later figure.
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the notor is turned oft, the initial height of the set of confinement rings
may be set manually. in an enbodi nent, the desired gap between the bottom

surface oboaotiopspbate and the top WO 2011/ 028599PCT/ UBR0ABLOH6FE8S sur f ace
of the set of confinement rings may be set by enpl oyi ng a gauge bl ock. The

t hi ckne s _of _the bl oc ar e upon the desr red.initial

hei ght ! ‘tﬁh?%l A S T N gwf W@ﬁ@ﬁt% |‘t‘?d§ 1Phe! (ingh agan
BFLESL’# ‘2"’?@“?‘%2%&%”‘?%“5’2‘9‘??%5“'“?%%??’%3@%‘ e PR S e ol Unger
shaft imrahgokeds.omta mhmpteopmc@irdﬁmlreneidtnm tthlggﬁﬁt He csletenbefet p@nf pesEmENt rings

is also kfF %@ 426 of. Fig. 4B)
| ocat e By SaithuRik: GaRETR < FBSRR g RS D PSR P e 1 y

r ot at ed:hiRs BRMHIG LRI MSb R HBL04iisNaf the WAL It rdihfinde shd Rdsdeight of the
set of confinenent rings 1s achi eved. In another embodinment., a set of

cal i br asont plpaondeingodtise! b_ﬂneztct?eﬁ@rs-recmme@‘@marecgthebtﬁ\s stepper board) may
e P e Bah, 58, 2T Sl SR RT L) L0202 ML I ve Wl R SR 15BN ™

.for a Iun erarrang erren ara step

Sensor sy@higs. aid ebr@taﬁt;tte xaﬁ@b@tﬁt&mpb@@e&amt htehzeaﬁs ﬁtrcs e argﬁédw@nmefdl rst
sensor and a second sensor Before perform ng substrate processing, the
pl ungerthigshold galamn qlamsay by digplisy ﬂpféstrwrewdﬂrw WA HBBIGAERL 2t 0 set t he

home pQsiy) r:‘?:gt atlli€a ?ﬁ&%ai Dalit! o Mgﬂ?&[‘r %dmld fol 1 (b 8ad $0Ghe fttt {‘nd%tungef
arrangenent breaks e | cal beamo the I'tst sensor.
per f or nednfanealbleakh r}ee)ppm rgemn dtliargentrtsor, pPanan nhy b@akm»htyhé to

calibrati (,[)n has been co | et e %Q& auge block is removed and at a next
e

step 708N 8 rbpiia *é(r‘"ef YTHiREREC d on. In an exarrpl e, the switches
associ gipgel, yajt h tthﬁ‘ @kwsstn@n%%oﬁgn&ﬁ ofhg 18*. 1f5idh! 14 hoar d?ﬁu%’h%t%‘%ﬁte%@ an on

posi tion, thereby al | ow ng power | ow to e not or. | Para 68" Once the
pl ungerdraercangament. Harisrdgeemmtatwbmﬁetdnw imeiupih arhvge!rd Hdfuchiag armmmdi to a
home positi t xt S ch. encoder. (such @s. e g, 636,
and-cagy i ouel ensrByRtedTheL 60 ER IERER bR hE FRET TR ARe o
each pliuagak: @ﬁﬂ@qﬂﬁz@ﬁﬁﬁﬁmrﬂ&nﬂhﬁo @&ishf srcenph al between the set point
position val ues of the Plunger arran?enents traverses a set threshold (such

as zerdPara i serdbwrd cohbasreladiitestipanl rdetaishipayidtcontphmadelg DAL aad pevef st ep
712, Bﬁﬁunmf %15;1«%!11'{;%& r@éﬂ %”He[%ﬁ’}%m}jn 1;?@%%0519&:1? u[lg 191&%%%};@ ﬁ 1113 Ebcﬁlg« Once

t he se val unger arra

verifi e:dr;me@teb tsekeipohnb m@@snﬁm@dﬁls\/faimemmtmimrﬂuiet @Eh2couatis ochnftmdame s6f2 al ong
a path 606, in an enbodine he set p poi nt position value is enployed in
an al goFPesRsing faigbpek W.waﬂa* fﬁe@riséti i ¢ ﬁtﬁ*bbsr PRI hrerth@wéﬁnfteﬁwb essur e

llevel wifhl Qetﬁﬁ%sﬁ%@%&rﬂqgﬂﬂ‘tse{ 1951012'1 il qu (@M SJ{\‘Q#(P% oh agg and the

pl unger arrangemnent to be adjuste t1onal’l y or rnatl vely, the
set poimteimsbtéseimovﬁaiwmm dre @acﬁpipiagemgennmreamgémnﬁﬂnmd @030 be di splayed
on an L[SD dlﬁ]p yln an emb m%e%:tL Jlf{t)gizfiB(\S{}%gfggr {nltJ u g:'Lz 1/ogé%Z)qrttnst monitoring module

654, in other words, board 604 is configured to verify the home position of each of the

phunger arrangement after each plunger arrangement has been calibrated. The method for

calibration may be as illustrated in Fig. 7, in an embodiment.

[Para 63] At a first step 702, the motor is switched to an off position. In an

embodiment, the 3 axis stepper board may include switches that are configured to control the

motor of each plunger arrangement. By setting each switch to an off position, the motor of

each plunger arrangement s turned off.

[Para 64} At anext step 704, the set of confinement rings is set at an initial height. Once

the motor is turned off, the imtial height of the set of confinement rings may be set manually.

In an embodiment, the desired gap between the bottom surface of a top plate and the top

12
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| Para 701The calibration nmethod as discussed in Fig. 7 may occur in varying
situations. In an exanple, calibration my occur when a new pl asnma

processi rfgOYYHIMEBIPS set up or after a processi ng syst emchas2memnc7ser vi ced,
For exanple, calibration may occur after a corrponent part of a plunger

arrangenent has been repl aced.. I n another exa caI| ion may al so
occur WH@HL@CWéE%thPF h%‘hi\‘é‘r?f“*eflf W@ﬁs‘ TR, & Wéi%h R V&B:e‘ﬂ"f“% ﬁ‘t b&appr eci at ed

fromthﬁkmﬁegmm aus‘.aﬂ«m{am Q0 & &a&a@&h@bm d!’:ﬁﬁ!@!';ﬁﬁ% WSS a conponent
af fecting the gap “between the top 8 [at e and e set of con‘flnerrent rings is
repl acééram BEY or Bemvictd sel BavalifdiRefiops tontge bagk tegbEite méfor bbat dm§04 may
al so i rb n_encoder .nonitor. is conf.

oot o Rl AR S P s SR A i » SR eEESSh | %an

enbodi MEplowan SHECEEHIkSECihafSs BRORHRRE Be @‘hp &ﬁ@ineﬁ&@t rigOiheWBYoibe
capturing the set point position value of each plunger arrangenent. The set

poi nt m§f¥t1¢lﬁ¢ﬂtv@§u§§‘1%¥‘@ﬂ‘sféht n o chbadidnas0snfsts kanbhlyshgs kegb 4 Heoltdgi num
di fferep 1'zzed qbox e eﬁtc er Qé(} Q(L)HS(J}L{?XGQ) tﬁ@ ot QE§§?\{%§ PR aa’mﬁﬁfm%n% h0| d

val ue ( eterm ne T 1S SEnt Lo’ con %602.

Al so, ah:imdah{ a@;u@m@rxﬁ»t@kﬁaﬁtz@ﬂpﬁ@ldwre@rhe@m $fahP e\ DbnHiRARYringisan
embodi nent, the set point position values and the maximumdifferential is

al so semmw? c@rﬁ“ﬁ‘@lﬁ pebediaegp2 seof calibyabion BOBtaiple ogrthc grad Migbidayed on
LCD di sp \ K a power

nmoni tor| n e@%&mm@éﬁ% Z@%ﬁ?@%ﬁgg%%&&t}%@ egﬁiﬁ?ﬁégﬁ%{ e gulrégegn? flowing to
t he r’mtmrinﬁﬁcdaaﬁlai plhmmgémuarmamgemm; I n an enbodi rrent the current flow

may be di s ed on LCD display 660 for to If the current
Tt T IPREb RS A wshcn Dl soraors areubiugT i ot bl o gHLent
602 al qpgyde Qﬁ%sé@guuﬁ@%wﬁc sehbB& Wéx@’&htﬁﬁﬁn&@&@sﬁ%‘ﬁo&’e@%zl&ﬁ c}h@ exceeded,

all three notors of pl'unger arrangenents are stopped in order to
pr eventpladagmageangenPar & s73¢ krhoare enbodi st embodngn6 0dsarslye Imnmm%nmnude a

second sensor ponitori pdul e 656; ich is con

second Bengor BT kubia D e e R Htes e RGNy bR ST P! cal
beam of,{ahSREONAsSE MIA 516, MGRBENSERS A $h:0LBlunb3Buradieh&48) , board 604 is
configured to stop all three notors. Simlar to the other steps, an alarm
may al S8abe6di spl@ysdhormibopiotitephesy GEmIdad thepuse dlasbnt rsloveawd at 502

al ong 612 { a 74 e I

i ncl udg} gﬁ e xe{i"uftm’oﬁg{mhdm %rg‘s(gg‘{{' L‘f%mspg%}n \'I(bl?l):i c}p Lt“'% ’gl ‘ibm%f %g‘%ﬁot or of
each plihagetorarivangbaentit cirouitbyed] fredemnewn &ﬁfpoﬂﬁbﬂﬁttixﬁ@m &i&«:ﬁﬂnﬂ abwer to
Consider the situation wherein, for exanple, the pressure within the

conf i néHEnto lﬁléﬁ?%‘f’f i s above a set threshold range. Control nodule 602 may
send a eGl, pd) | NSHEKGHL ﬁﬂﬁw%&n‘%ﬂ%f?edg%s B&n M&q&ﬂcﬁr} e RHHAGEY mﬁﬂfﬂﬂgf&mm to
a new set point position value In er to jUSt t he pressure evel within
t he conbienmentositiegl o a neMB:E01Y, em&%m&%ameﬂm&z&a@[m and&4dn an
exanmpl e, the set O’«L‘ﬁl nstruct. on? whi ch may cl ude € E naI and a

di rect i'BW & gRAPYedgy eEud Sieip il i ont B‘é”t“r‘u‘ ‘B‘i UPOTRCT BEEE l‘mj‘ EPhetset of

i nstruqg H&%@ﬁu@%ﬂ@n@&%n TR sk PSif y&,an&hem&&%@ﬂferp m&t& zusrm(&a&mﬁ%m@nd 642)
of each of the plunger arrangenents (62 0, 640) to nove the plunger
shaf t ab@bﬂm‘ihgidtf@mﬁha istté;ihan@lbd!»n%tmemﬁ ifsbgﬁahhbratsdpr ovi ded by control
nodul e n an, e nstructed to nove the plunger
ahaft - uBiEH 605, "5V EPaPh 31 Sud B tegPal sl GRS 1R bt men
of the d:8Mefhi 0Dnc@hS sPRlc@flodog RAKE for cach plunger arrangement has been verified,

each set point position value is sent to control module 602 along a path 606, in an

embodiment. The set point position value is emploved in an algorithm to determine a new set
point position value when the pressure level within the confinement region is outside a
threshold range and the plunger arrangement has to be adjusted. Additionally or
alternatively, the set point position valae for each plunger arrangement may also be displayed

on an LCD display 660,

o
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illustrating a control strategy for managing the direct drive arrangenent
during substrate processing. [Para 771At a first step 802, each pl unger

ar rangenewo 2061/28399t 0 a honme position. In other words, trheysbamnges7sshaft is
noved upward until the flag breaks the optical beamof the first sensor.
Once thg) flgﬂ bregks t.he OptIC! beam the flag is considered to be at a
hone pd Nk ThiSHaH "BB%W(QFWI‘? ¥ dichsRd Sele { 9y EBHLR SEYHBOUINE Y uch as
a processnRauhe. SoBkiRhhely oia dnal (ﬁ&t db]%}ﬂ)gmﬁa«r@mﬁ%%n t;}%% step
804, substrate processing may begin. [Pa 9IAt a next step 806 e set
of confd prersang BiTYs hasbmwed ited. &or egingge.jmlibiadbn say Opmxmttep@m tion val ue.

Usual |y, before suhstrate roceSS| egi ns recj,pe par rs.are

ent or e ORINSH GRBA TR LG BF R BT s B BB Thg DL BTG caghpush

par ametg4:5a1a Sccub @Mtk Qfe%hﬂﬁéhé;ﬁ rRgP hRGa%en | k8 aQrhk 8é h;ﬁiﬁ'eugﬁg@ fRfPCess

modul e controller gbrforms an al gorithm base on the hone position and the
reci pe thofegosrgricalbrathen néwwébtlmmt}tnreé@gﬁeﬁ oepnyingat #iBctisaeh ghunger

A Ao N PR L PPt SEL R BerPOT LS P AR S8 RsG7 Cp Lo @

set of 1ns Irectron s FSYSERt to the

circui tjpheard. Thﬁei@kﬁxﬁ%ﬂ\ taaaLOb thheml mhﬁay&alﬁchms,ﬁﬂg afkscdder inbgitmRigor ,
which then rotates the notor shaft. The rotation of the notor shaft noves

the pl ungéHe éﬂéﬁ‘thm}t%é%*bgwé‘émgmﬁ@fqrﬁ% SehPOiBE POV Yidweritcarh B0 move to
the i n"itd F}*eiﬁﬁ{t Plphlptt:m (Qcﬁh ghe\?l ¥9§0‘d@1 (5@2(96&1}@9&66‘5 6‘?’6 %Qét'm t@%e}ﬁltglg ’bet he
pressure Tevel s noni ore rate processing
conditkmpsumgtmunnpMQt@ﬁﬂﬁ@&&h&gﬂ@hdﬂMamnW&wzﬂau@@utmhgpﬂ@@ﬁﬂp&uhavel to
fl uct uat a sensor non ter, . enpl oyed to nmpnitor the
pr essur@nica e seij ‘E‘Hﬁaﬁfffﬂb* *8bi¥f"i*3rﬁé¥r§ ?‘«rf%ﬁ‘%‘ﬁ n ‘gﬁé"%? iyl FaPFhbout t he
Pr eSSUNRliBK ki th kbl iR FARLLABNEN (VEZhQD oAV RSN An hidrrh REscEORL T O
nodul e 'for anal ysis. i Para 81At a next step g 10, the pressure |level during
substr aiaeupmo@ésﬁﬁg Also, méénhteaumé@ksbye ?adipmétm ngiet mnse@idﬁm@mflmmenent
rings. If the ¢ t? ﬁdeterm ﬁ gtg g i

t he corFf’?‘?‘i’élH’é?ﬂt 85?‘&‘?“?‘%’08 PR HEeHinghe B‘@é%é‘b"c‘% e‘%‘%‘ Bt "éﬁ"rﬁeﬂ‘e‘a LPH?%S hoI d
range, hb@icont ¢iala pradide: @y kengd sl & dheCpRlispiRoédit position val ue
needed to nove the WD 2011/028599PCT/US2010/04678§ confinement rings in
order ti8artjist th@i@@@élsuﬁ»@uﬂ evremap awkudii a iver hilgseg prodoled S dhgjes  The
pg\éve;ssltaﬁgﬁ%% od P(? gmlmt(?ﬂhg 1?‘3}? fﬂg%{ngot% &€ F’mtm %t%bc% pqmq%ya{;mg% eqt. n’tla{%%sen d a
commndentmdt;h«eunm eﬁrraft fb&c;hq@bwﬁgplmar sangen@nilat ooty eadymeniapegl fif c
direction and by a specific nunber of ste pper pul ses. [Para 821At a next
step 81b¢ CyiFah fpwes P@&“ﬁé‘ thresholn aglup et @Wb eamtt&hém%@é TERaREEET nenment
ings ifodmyGe B3EKALD. & (MOTRRPS) i Olhold RIS §3445:£30 (RS ARREEEEALed from
t he forgO|ng} one or nbre e I ments o e present ‘invention provide fo
adir eq:ﬂumg%r mamen&ngemmnbpgiedrmm pyjnatem@amamil nenent ring positions i n
or der he pr ure |l eve ocessi ng chanber . envi ronnent.
Byt PRy TG ¢ H SaBeTgR e et el Py B e B G s

physi caho@ipa6ss, \Mm 18is ShhfidurBEfS REM AR RRoAHNGEL QR &%h ﬁUWr%nﬁQgEgﬁlm%
arrangenent, such as the CAMring arrangement. Wth fewer nechanicalle

| ectri délh&ﬁawtis;dkb Il @tme’dtmm fpfvebnamrchwgsmmchms sm}ne 281 pHblawd 648},

Fur t her,nor t.he c
bDElI“CF G4 i Lonfm lﬂ&(P 10 smp 'ﬁ[ i?ueepmom Slmrﬂm mqhe other steps, an alarm may also

be displaved on LCD display 660 and sent to control module 602 along a path 612,

[Para 74} In another embodiment, board 604 may also include an execution module 658
that is configured to instruct the motor of each plonger arrangement to move to @ new set
point position value. Consider the situation wherein, for example, the pressure within the
confinement region is above a set threshold range. Control module 602 may send a set of
mstructions to board 604 to move each plunger arrangement to a new set point position value

m order to adjust the pressure fevel within the confinement region.
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(Para 841Wiile this invention has been described in terns of several
preferred enbodi nents: there are alterations, pernutations, and

equi val enwe,2011i283%9f al | within the scope of this inventipomuUS2mwloargh
various exanples are provided herein, it is intended that these exanples be

illustrative._and not limting with res ect to . the invention.. (Para 851Al so,
the titl ér‘hﬁ%} sudﬁawapglepwge I%d“”ﬁ‘é‘F S iarchéwv@ﬁ*.u %éé‘eﬁﬁﬁ?‘“éh’ﬁ 1 not be

used 1 Q;GeRASE r;u;@'«m :Q@yagﬁ%?dﬁtw érﬁ?thcfl el g@&%{@diﬂm ﬁtér&ﬂ@sfm&m oRDSbEACt 1S

witten in ah g revi at e orma I S rovl erein or conveni ence
and t hL@aism}wmnmﬂx%p@npﬂnowﬁ(mé cunstd (xé?}@rt epdbniftthe plengwrermbgergment i on,

which is ressed n the clains. e term"set erein,
such 't AP B0 RRGHALE o PhiTeer tmmsrmy bRt ARG PR Sreant ng
t 0 CovelinvREPby B0l odiRId2t NARL S0 ITENTRE Mmotdr S OM dsilc5Qt BendQlgd t hat
there are many alternative ways of inplementing the nethods and appar at uses

of the pwesentali upvend oA stappei milier ef ore i ntended that the fol | ow ng
append afy (T8 |@$}%§ retedas, f\% 1%?%&%911\3%: :oﬁ Qm?ﬁtﬁ’& {:!158{13

per rrut i ons,' an %qw valents As spirit~and scope of

the pr Gﬁﬁsﬂiatm{i\ue@ﬁm@&mm\é@t&ﬁﬂﬂ;ﬁ@ﬁﬁ&ﬁ@ﬂ’i@t @52@%@&%6%88&@14@ Absiabat i s
claimed is'" |. Adirect drive arrangerrent for controlling pressure vol unme

Wi t hi n RO&SHREnement regi on of a processing chamber of a plasma processi ng

syst em gy ‘?ﬂes bty &K?qtgﬂi @&ﬁ%ﬁé@?um‘/@?%ﬁ?{;fbﬁ@%s%%fa‘ lﬁ}ﬁﬁ%elgﬁs JY ghgn is a

chanber vo surrounde confTnenment rings Irect drive
ar r angenentw (B"dﬂmﬂid Shngr shaft 8 rpdwedadpivipd wfti phaufhgels: ea&sbﬂb;bmalsbmn{\f hured at

I east tor changin |0dj ressure vol ume vvlth n said enen region by
verti cé?fﬁﬂﬁtﬁ%}\h ﬁ’g‘bs fedlagdteds teopiticAbRRERt T g’ ‘v‘éﬁ“ﬁff Ui tI0 3}“6 YOS5t or
assenbl | Q8inCaRk 'hgh'x@%gs;%n L8RSt sdnflo ¥ ecﬁﬁﬂe?ﬁ!gwie@}%”@ ﬁ%&b@éﬂk‘&ﬁkl ty of
pIunger assel riblies, recording a plurality of set point position
val ues doptroBaisaa @tumaﬂ bt‘ﬁyd}of pl unger assenblies; and a set of circuits

co_nfigL‘ ed at, leagt for EI‘IV said plurali f..motor assenblies to nove
said pl %P’é‘f ?‘%I ibfil}ﬁ‘gte sjlée%ﬁ Sirag P ?(?fe%ﬂl&n’é% g‘&r*ﬂ‘ pressure vol une within
said CQ'!-"M#:{\W[E nt ACOhQRs1eB B, the set of confinement rings is moved to a recipe initial set

point position value. Usually, before substrate processing begins, new recipe parameters are

entered and stored 1n a user interface computing module. The recipe parameters are then

forwarded to a process module controller. The process module controlier performs an

algorithm based on the home position and the recipe to determine the new set point position

value for each plunger arrangement. Once the new set point position value has been

calculated, a set of instructions (with step and direction signals) is sent to the circuit board.

The circuit board then refays the signals to the motor, which then rotates the motor shaft. The

rotation of the motor shaft moves the plunger shaft, thereby causing the set of confinement

rings to move o the initial set point position value.

[Para 86} At a next step 808, the pressure leve} i1s monitored during substrate processing.

Given that conditions within the processing chamber may cause the pressure level to

fluctuate, a sensor, such as a monometer, may be employed to monitor the presswre level

within the confinement region. The process data about the pressure level within the

confinement region may be sent to the control module for analysis.

jPara 81} At a next step 810, the pressure level during substrate processing is maintained

by adjusting the set of confinement rings. If the control module determines that the presswre

level within the confinement region is outside of an acceptable predetermined threshold

range, the control module may recalculate the set point posttion value needed to move the
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provi ding power Co said plurality of notor assenblies to nove said

plurality of plunger assenblies, and receiving said plurality of set
poi nt poswoi2on/ozsdomes from said plurality of notor assemrbrius301004678he
direct drive arrangenment of claim1 further corrpri si ng a sensor

configured at |east.for, collecti ressure data ab ut sai ressure vol une
wi t hin C@afj %]“E‘r‘iﬁfii“h%ﬁb‘?ff‘ﬁfr‘@g‘flbﬁ‘ D m%gufg zq‘@?%@gvﬁale ep%%ggg ﬁﬂgmeaﬁﬁ

contr olnem%wlé&nm% &Nﬁ%ﬂig% oy ﬁ%%t ML LRGRI DAY SR BLivhalid a/i»noiuset

pol nt PoOsSI tion values froms set of circul ts, I‘ECEI VI ng sai d pressure
dat a f remigabigios enlgey. the circult boatdonkatandg ausetndab tavwowmedf pehpiungesi ti on

I f i d L i f. d set
o now SeSR e pBF il oSt G RES EER T e il ohemrsTBOERY St of

Ci rcui tipara gfihe difeds: heh 82 alKANBEFRGe s@fp 1k BbéR 2 NSERI e §AGH NMDt OF
assenbly of said plurality of notor assenbl I es include a notor

conf i guostingroPnt mogs n;gm%@dmaeﬁqgm hcaggemwx of said plurality of plunger
assenblﬁt,ar‘}/\g},{ZOll{ﬁ 2\[%%% e §e%lofq'm{ 91467 aoma dme P?ﬂ(}?@&ﬁ@@%f&%%@iﬁ aur ed for

recordi'ng a se on val ue unger "asse not or

shaft qeedehguk @dmﬁzt}fmm@&ﬁmdn@gt &raiethy fmmﬁeﬁt@mslamdpmwmgmnmsmeﬂfahm 4.
The direct drive arrangenent of claim 3 wherein each plunger assenbly of

sai d plagsaiopt i GHegp et tha sasnpe les! WHbggaocessing ibﬁ%‘m& syEroseyy. By
confi g%‘]iggh el & Qgﬁfp,p %n%gﬂr{]%é é\igpe & an%@m%«lﬁ%[{:u;{i@scl’egkgplﬁ}gireglas%gueoxf\«h@e Lgp plate

of sai essing cha
performing t}m }‘umtmn of a more complex arrangement, such as the CAM rimg amrangement.

With fewer mechanicalielectrical parts, the direct drive arrangement is more reliable.
Furthermore, the cost of ownership is minimized. .

[Para B4} White this invention has been described in terms of several preferred
embodiments, there are alterations, permutations, and equivalents, which fall within the scope
of this invention. Although various examples are provided hevein, it is intended that these
examyples be lustrative and not imuting with respect to the invention.

{Para 85] Also, the title and summary are provided herein for convenience and should
not be used to construe the scope of the claims herein. Further, the abstract is written in a
highly abbreviated form and is provided hevewn for convenience and thus should not be
empioyed to construe or limit the overall mvention, which is expressed in the claims. [f the
term “set” is emploved herein, such term is intended to have its commonly undersiood
mathematical meaning to cover zero, one, or more than one member. It should also be noted
that there are many alternative ways of implementing the methods and apparatuses of the
present invention. It is therefore mtended that the following appended claims be mterpreted
as including all such alterations, permutations, and equivalents as fall within the true sparit

and scope of the present invention.
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a nose-end portion configured to be di sposed bel ow said upper-facing
surface of said top plate, 5. The direct drive arrangenent of claim4
wher ei n swodo1pi2esvger body i ncludes. a plunger shaft comrCirgiseed/oad7ss east
for noving said set of confinenent rings a coupler configured at |east for
connecting said nmotor shaft to said. P ﬁﬁg Shaft, a pair of sensors
configured at |east for establlshln 4 X|nun1d|stance for said. plunger
shaf t h@hgqyg %gLiically, wherein said. pair of sensors include a hone
sensor and #ar sensor, a flag affixed to an upper pan of said

pl ungerti. shdfrea,t dxdweraefmgmwﬁmmng@iiing paksure sohmeaxirtidxm cog&@ﬁmﬁxmmgmm’ sai d.
flag breaks a opgic | beam o nalarmis
ot vacadonpane shTEbE R ot uad SrD g U C S PR S ansor
and  caid @nhAsSENTeGORRANGRInHEP RS LS k8FauRld e Akt (ﬁM‘)l\hﬁMﬁéLﬂgnﬁa's@:dm unger
shaft, said coupler. said pair of sensors, and said flag. 6. The direct

drive .C%\Wﬁmhg‘é‘rmml"@ﬁﬂélcaml@ﬂﬂhere| n sai d nose- end port| on includesa
N ARy GRS b RRE QoRLUngSl 100! 0\ MRGE LA algl, shaft-end

adapt er incl'udes a ri'ng “ada cont igure FOF e ing to said

set of \ehaht ReBNdaid ¢m@xaemeMVrth By sanﬁaﬁ@hw@fnu@,@ialfslen@ﬂmhnéxmgsimves in a
first direction when said Iun shaft nmoves in said. first direction, and

a bushi ng coniBiERt OlBHPT gﬁ?‘@a?*éﬁt“mé%%df@ﬁ“’gmﬁ)ﬂl ng said plunger shaft as
sal d pl unger shaf, tenggmse%o\{‘?lyiﬁ@ T *xtixw Zfsp RS rqgﬁreﬁl%z drl,ye arrangement of

claim6 wherein sai cir ree-axi s stepper
boards. 8. The dIIEﬁﬁ’ﬂindl’aiNﬁahaﬁﬂaﬂ@&mrﬁmmfoﬂ@bh}temn?’W\quﬂtﬁah&sﬁlpﬂumeﬁ of
circuits includ a home position nonitoring nodul e configured at |east
for verify & bﬁrea“gosml on for said plunger shaft of said each plunger

assenbly,  4eto r&ﬁg@&g@,@gﬂp&{@ modul | e configured at |east for
monitoring said plurality of set point, position values, WO

2011/ 028599PCT/ USkO1/ mv@&ilzx of mowr pmﬁmml rhawe sagh pinmémeofqﬁwigﬁgur ed at
;ggz'ﬁmr 3 r gﬁﬁéetn%{e % gh"moe wd pIe»QLWe xgl’ume Lt ﬁun :,aig?,onimemen? reumne G ot or
providing power to said plurality of motor assemblies to move said plurality of
plunger assemblies, and
receiving said plurality of set point position values from said plurality of
motor assemblies.
2. The direct drive grrangement of claima 1 further comprising
a sensor configured at least for collecting pressure data about said pressure volume
within said confinement region during said substrate processing; and
a control module configured at least for
recerving said plurality of set point position values from said set of circuits,
recetving said pressure data from said sensor,
calculating a set of new set point position values for said plurality of plunger
assemblies, and
sending said set of new set point position value as a set of instructions to said
set of circnits.
3. The direct drive arrangement of claim 2 wherein each motor assembly of said plurality of
motor assemblies include
a motor configured for moving a plunger assembly of said plarality of phinger

assembly,
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a second sensor 'nonitoring nodul e configured at |east for nonitoring said
far sensor of said each plunger assenbly, 9. The direct drive arrangenent
of cl ai m8owhawrmessyssai d set of circuits includes a visuaCTdiss@bays7sswher ei n
said visual display is configured for at least for displaying said
plurality of set point_ posifion values, a maxinumdifferential between said
plurality ofa"‘sfé‘tf\“‘g%ibﬂlﬁi’%%%‘i O o St AOSwEPSTuER Elps Sisai PYaMET . al arm
notificatiqns, 10. The direct drive arrangement of claiml. wherein said
motor is a two stepper notor.. 11. An arrangenent for controlling,.
pressure volametonshdii cnéigoedifpnemeattingegidonotof wesapt poegsisngrbhanber of a

pl asma cessin stem dur i suhstrat.e proces n, sa

conf i neﬁeﬁf“f ‘%ﬁ g@ﬁ%ﬁﬁﬁ’ggh\)ﬂl* ?‘ﬂéﬁig‘f}feg%ﬂlag%f”b qeﬁ\gg‘e?te%‘l’d @b"rﬁ’i“henent
rings, (ﬁ%hdm@fﬁ@&gﬁmﬂﬁdgmrl si ng: a plural ity of plunger shafts
configured for novi ng said set of confinement .ri ngs to contsol said
pressure volapenger bhdncadisdresdonbe demesad aneigh ohan npper- facanphuafeat pt y topf

not or s 0 idplurality of notors is configured at

| east fp(WQrré%‘ﬁbmtggﬁm‘ihg‘ﬁmg‘r ““s‘%aft of said plurality of plunger shaft;

a plurality ofosersogendn (WhggebdieiRcdiseReOBEbwahidSRipe-Rloitpakifhye @fsagncoder s
is configured for recording a set poi nt position value for said each

pl ungerm%ﬁﬁf@t a set of circuits configured. at least for driving
sai d plyrﬁ{e &1%&09&1u@i&ﬂﬁ%eﬁ?nt@‘éguﬁ%‘ \ghﬁ%iﬂ Qlld d)tl mf%r b(p&‘e xqgﬁﬁeéhafts in order
to change sal d pressure~volune w thin said I"nenent region; and a

control nodul 1ﬁuﬂﬂ3ﬂﬁ~ix§uta&d’m&kdlzﬁ&&'&t fbomoealgculdati sigoatinewesetngRoi nt posi tion
for said each gnger shaf t sai d ress re vol ume tr(gverses

Whe o
pr edet er m nd SP LS AGH IR RseRst 13 Cotialing T pBIRSRAITo P RIET Sy ¢ ner
COMPI i SNG4 pair oA c i BRASIABNE IR Aid GRS fiBn@SbALKL Shi ng 2

maxi mum di st ance sai d each plunger shaft to nove vertically, wherein
sai d pagitungef sisémon@»ewumaﬂe whdroimrsaglgrsor samdraintlade s bnwosgnsanshd a far  a
flag afflxed to an upper part of said each plunger shaft, wherein said each
pl unger*™8iYaft is at a home position when said fiag breaks a first opti cal

beam of sai d; fANEHESENSAR uppBEFRl &F AR BlALMshaSt, dGtoratad plhes Said &la9
breaks a second optical beamof said far sensor.
home position when said flag breaks a furst optical beam of said home sensor, wherein an
alarm is activated when said flag breaks a second optical beam of said far sensor, and
a housing component configured at least for housing said plunger shafi, said coupler,
said pair of sensors, and said flag.
6. The direct drive arrangement of claim 5 wherein said nose-end portion includes a
shaft-end adapter connected to said plunger shaft, wherein said shaft-end adapter includes a
ring adapter configured at least for connecting to said set of confinement rings, wherein said
set of confinement riugs moves m a first direction when said plunger shaft moves in said first
direction, and
a bushing component configured at least for guiding said plunger shaft as said plunger
shaft moves vertically.
7. The direct drive arrangement of claim 6 wherein said set of circuits is a set of three-axis
stepper boards.
8. The direct drive arrangement of claim 7 wherein said set of circuits mcludes
a home position monitoring module configured at least for verify said home position
for said plunger shaft of said each plunger assembly,
an encoder monitoring module configured at least for monitoring said plurality of set

point position values,
18



13. The arrangenent of claim 12 further conprising a ring adapter
configured at |east for connecting said each plunger shaft to said set of
confi ne: rmot20riimg®9 wherei n said set of confinenent ringsTrase@s/ou6T8® . fir st
di rection when said each pl unger shaft noves in said first di rection; and

a bushi ng conponent config ure@ Iea t for guiding said e pl unger Shaft
as said eachngi‘tﬁﬁgé}‘f‘“§ﬁa$i‘m:ﬁ*ﬁ éé’“i)é‘r“f? EQERY m; W“ﬂwg HPFR ‘é‘rﬁ%ﬁﬁo ¥l claim

13 whergi@; §p§dq§§§g 11%0:%\42&%5541!@5 a set of three-axis st epper hoards15.
The arrangement of claim Wherein said set of circuits includes a

home posi t i orsenwni teosurnwlmdmg@mbiﬁa@hgwdat lehgdat mbroitorwgrsafd/fas sindothome
positio slal d gach li nger shaft, an encoder nonitoring nodul e
.confi @‘ eﬁ’t}iﬂé’ﬁ%‘? ™nitoring said set point position value for said

each plaingeraisbadive arrangem@tRP\VRm FORhd O IsBidl ;B0 RuEPRtI@LY £disad) | east for
noni tong}gk current flowing to said each notor, and a second sensor

noni t ordisideyrodgiedn @@qbﬁ*ﬁ%g@}pﬁ@@lmzs K@'&’@Hfﬂb‘?ﬂfﬁbﬁmﬁé‘@ﬁ ¢igpladingl far sensor for
sai d each plm a enment of claim 15 wherein said set
of circuits ¥ “% m&‘gtsl %’;1“\&/?t s‘ﬁ% DU(T o urélgwher ein said visual display is

configured atmatigast diffeamuidi spheaa qagz piamhd, ofs@t p@el psitR@sialicon val ue for
sai d each plunger shaft, power utilization, and alarmnotifications, 17.

The arr angerBmer sflgtanmotls wherei n said each notor is a two st epper notor,
18. A net ho%ixﬂﬁ}%ﬁ’ﬁ% r§I i ng pressure volume -within a confinenent area of
a processing c er o | asma processi ng chanber during substrate
pr ocessiitn gThmimemedm eSatad Lsfmmﬁ icfiefapnt vdreedn ks&danniegk anwbeteppamacr.set  of
confi ner’{e An zgrlrglguimcm 09 ur)rtg;[ai ?190 Sr?«[!ﬂ:r LI xso-hu%é within a confinement region of a
Y hin a confinement region of &
processing chamber of a plasma processing system during substrate processing, wherein said
confinement region is a chamber volume surrounded by a set of confinement rings, said
arrangement comprising:

a plurality of plunger shafts configured for moving said set of confinement rings to
controf said pressure volwne within said confinement region;

a plorality of motors, wherein each motor of said plurabity of motors is configared at
least for moving each planger shaft of said plurality of plunger shaft

a phurality of encoders, wheremn each encoder of said plurality of encoders is
configured for recording a set point position value for said each plunger shaf;

a set of circuits configured at least for driving said plurality of motors to move said
plarality of plunger shafts in order to change said pressure volume within said confinement
region; and

a control module contigured at least for calcolating a new set point position for said
each plunger shaft when sad pressure volume traverses a predetermine threshold range.

12, The arrangement of claim 11 further comprising

a pair of sensors configured at Jeast for establishing a maximum distance for said each
plunger shaft to move vertically, wherein said pair of sensors include @ home sensor and a far
sensor; and

a flag affixed to an upper part of said sach planger shaft, wherein said each plunger
shaft is at a home position when said flag breaks a first optical beam of said home sensor,
wherein an alarm i1s activated when said flag breaks a second optical beam of said far sensor.

13, The arrangement of claim 12 further comprising
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setting each plunger arrangenent of a plurality of plunger arrang.enents to
a honme position; noving said set of confinenent rings to a recipe initial
set poi ntwpasitazesyoval ue; coll ecting pressure data aboutrCIaisdoipnesstir e

vol une during said substrate processing; sending said pressure data to a
control nodule for anal ysis; aring said datg t.o predetern1ne
Uhreshol d r diget adapier corfeugiq ¢ T ble et s g spbrmlenssh i asngnesal d

predet g1 }m;ﬂ%&m@,@bql R EA008 md&&%ﬁm&mgmab RBVESEl MY AlecROS WhbPhia 167
sai d each ﬁunger arrangenent sending sald hew set point position as a set
of insnmghpmogsﬁhmmdwﬂehnumuhghséﬁaneachnilunger arrangenent to said new
set point PO

cal i brati ng. i BESaEROMAGUT R SgehE e Burorel S e g taid

pr OCESSglaB@pi,unWélﬁhﬁﬁ Mhesal dergaliiybrating conprising switching off power to
sai d eachellp unger arrangenent, setting said set of confinement ring to an
hg

i ni tialldheibgherpatnst af Hagn ad pdRreipiald srisdECwh isanet cuhe- prigngeper
arranggient , and novi ng said each plunger arrangenent to said hone
posi tion. ~20. The nethod of claim 18 further including stopping said each

pl ungerisarfRnganpabent bf lafth a9 voRrabdd eac cRbURIREludssr angenent  breaks an
optical. beamof a fir sensor,

a home position monttoring module configured at least for verify said home position
for said each plunger shafi,

an encoder monitoring wodule configured at least for monitoring said set point
position value for said each plunger shaft,

a power monitoring module confignred at least for monitoring current flowing to said
each motor, and

a second sensor monitoring module configured at least for monitoring said far sensor
for said each plonger shaft.
16. The arrangement of claim 15 wherein said set of circuits includes a visual display,
wherein said visual display 1s contigured at least for displaving

said set point position value for said each plunger shaft,

power utiization, and

alarm notifications.

The arrangement of claim 16 wherein said each motor is a two stepper motor.

18, A method for controlling pressure volume within a conflinement area of a processing
chamber of a plasma processing chamber during substrate processing, wherein said
confinement area is a region between a set of confinement rings, said method comprising:

setting each plunger arrangemment of a plurality of plunger arrangements to a home
position;

moving said set of confinement rings to a recipe initial set point position value;

collecting pressure data about said pressure volume during said substrate processing;

sending said pressure data to a control medule for analysis;

comparing said pressure data to a predetermine threshold range;

Csaid pressure data traverses outside of said predetermine threshold range,

determining a new set point position for said each plunger arrangement;

sending said new set point position as a set of instructions; and
20
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moving said each plunger arrangement to said new set point posiion.
19, The method of claim 18 further incloding calibrating said each plunger arrangement
before said substrate processing, wherein said calibrating comprising

switching off power to said each plunger arrangement,

setting said set of confinement ring to an initial height,

calibrating a pair of sensors on said each plunger arrangement, and

moving said each plunger arrangement to said homwe position.
20. The method of claim 18 further including stopping said each plunger arrangement if a

Hag on said each plunger arrangement breaks an optical beant of a far sensor,



