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Apparatus for Measuring Dielectric Properties of Parts

by Inventors Jaehyun Kim Arthur H Sato, Keith
w@ovendant , Q ng Liu, Feiyang Wi BACKGROUNDOF AG#US2008/011319

I NVENTI ON [ 0001] Semi conductor wafer ("wafer™)

fabrication often includes ekposing a wafer to a

plasma to allow the reactive constituents of the

or oc cRRFRr RIS Kby NIEASUEIAE Diflecktie BEOFErucy SEERAS™

processing systemin whi gh@eRlors™ i s generated by
transmtting radi ofrequency (RF) power through a
pr ocksbyungKgasArtiird] vadteK eitheC erocmtant; tQiog Liv Fglyang §Vu
fromthe plasmg, processi ng operatjon are dependent on
the process corfdALK&R ' YYENRIQN g
ngj ti.ons, Because,the plasnma .conditions, are cl.osel
(0GR Pei eiRE SR L SATECHER OfRh idiep REPEYER & ater to a
pldshal & DER S rdktit© cHRAYifucAl @P%rﬁﬁﬁnz{( RO MR thO fsul YR of the
the RF power is transmtted through the plasm
wafero Sask iplagnsy proeessirignofivk exifer ofn bo petfommdd-inpa\wasmasprocessing
transm tted through the €t|€ ma rocessigag.s stemiéﬂ;
SYSiFBoinn MBS ArRIRF i EERPTURL By EFRE BinGc BOIATTRGUERy: (RE) poer
th&ggﬁ‘n@tﬁ%&ssﬁ _Cgaé.h"l*hetaﬁfepl ARPRtd RSN SeiMihd BGRN the Iplasma
pl asma procesSi ng systemis substantially the sane fo
precegsing oppatien aregependént bhithe enatess tonditiores escdeding tthe plasma
- have an accurate know edge of the dielectri ..
copdiiiger Hegausth plaspe S%‘Hgg%‘fs_c?é%glgﬁﬂéj tigg 49 R, peer transmission
thxgng}?g%?sly ?@h‘g ?&Egﬁﬁéﬁgﬁ?ﬁt azlréecg?ﬁc an c%vﬁg?%éde t hethe RE power
is tasdngictd itlrougintiegriasmamobcessiy systege Kinooflede pdhiomcthle RF power
. part. One conventiognal technique for neasuring
is drapsraitied; throyeh B milasga;progessiie; SyskeRl it akso hsseTsaet (@ matgh one

o, Py B 3 A A, BB S Toich s

prédRssitg eyaerh .is kibstdntiallg oy samhd frad giver povetiinpub eT's eipkrd, it is
coupon can be of a small size relative to the actual

nepRssary tBebaygsen epardftkaomdedgeorfpthsi diplsatrichpropaiticy, Hf tthe plasma

prfdine FERAR bR R B A Rf YRIEF ol R BB AT 20T

[0602] IDieledBit PRpeRicd \dfldteredt rddf ihElnGe IR Idadleddic Qonsth, and loss
material conposition of the part as a whole. In this

tangent) f i d rpartidwdardpat.eOngei eonyewinnel jtechinimgs faremepyringhgiclectric

PrSRRo R DT G REPEE e i o BEREE s Bupon
caRbeREMblaP af subj&AeiPlocdiSIREPIR HrépirtyamEdsvifidd@r Th, thi@conventional
reported by the manufacturer of the given part, may be

techpaguerthel sampla conpejuearche ohasmall siefrelativnto thesactuahpart. Because

thg "ma gr?aﬂCXor(r)l{)ostitri]oen I?rlnz ome rpalttg éf‘.@.', Ccherat.rrrx]ﬁ 8zln¥s? s psa111i)}ect to spatial

variation, there is a potential that the relatively small sample coupon may not provide a
true representation of the material composition of the part as a whole. In this situation,
the dielectric properties measured for the sample coupon may not be accurate with
regard to the actual part as a whole. Also, the dielectric properties of a sample coupon
for a given part, as reported by the manufacturer of the given part, may be measured at a
frequency that is different than the frequency of the RF power to which the given part

will be exposed during use. Because dielectric properties are frequency dependent, the
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wi || be exposed during use. Because dielectric

properties are frequency dependent, thereported
waelp@beetsti ¢ properties of a given part may notP@EUS2008/011319

applicable to the frequency of the RF power to which

the given part is to be expoyed, thereby requiring an

extrapol ation fromthe reported dielectric properties

I\ . | ' f
et Bt ooy R Ra TR, S Gk Cfole 1y th gauency of
thé F fsovegotongvhieh shé ufivem pagt iseesidst teRpesedpltieereby requiring an
measurenent of the dielectric properties of actual ]
exirapelation, Bemhe feportgd disleslgproperties ehile 8 adagt ang an assumption
] . ing frequency of the RF
of%%o?@%o@%%{qahgﬁggﬁggﬁw Il be exposed during plasma

[0003)dasHew D fofherfatdgoing, aSIdMAdRYisGleedétEtd RIVADIE Infddsiri@Ri@d] of the
I n one enbodi nent, an apparatus for neasuring )
dilectrie proncgtigsrafpsiual 8dl-gizedpartssto; e useddn pdasma prpeessing systems,
p t i.ncl f . .
an@ RS oBErliHE HGEn; SLRTIRE roRlel 0 YRR pary pilt be exposed
du€iap peshRcprocessing bperadomdot enti al . The apparatus al so
i ncludes a hot el ectrode disposed in a substantially
hori zont al ori enSAMMARY OF THE INVENTFHON and
hysically separated fromthe chanber. The hot ) )
[080‘6019@9@111@(1?@?%@ APRAItES fox| raeaspriag diglectiempippertigs of parts is
-at e i nd. incl. a r fined . rty .
iR The Wbk S B8 kB BUT AR e AR R G hbuctive

maeridtind ol @Ut@MNE \Cohifcted foaSiduBeS boRnfifId TEE BPREitas alse ivcludes a
bottom surface of the hot el ectrode. The RF

hot eleaadesdisposed dal aj subsfprtipdlydivrizontak peerfationwithineths chamher and
f f the h | ect t h ' ' )
PR P ot S A0S BAee D BBA0H BOul sy
coh®gctiv8 3H6ral ahB endRidels 2B BinFsde e fihdltd SupP6itiapRact th ®e measured.
transmt RF power to the hot el ectrode. Additionally,

Therapparapes Burthsr inchidgslesradinfragyracy €REL transeissips sod eonrieated to a

voftnielCanh fis nbh S8HR0 1B RISt iTot it Siapeskl Fo grgend from
thé Bottdth ERFfadd @ﬂlﬂahemloek@sﬁédecm}dwgﬂ%nq%ﬁ%ig\aﬁ aﬁ%m tafh g@r&ﬂamber

Is electrically connected to the chamber. Also, _
and heephysicelly sepwated fidof theechambeh el heoBE Btapsinmsswnviodtis dafined to

tragliﬁ%&e} | _oﬁf’v\,gr ga%h %%sﬁ%ﬁ%ggédﬂhggﬁﬂ, ﬁ%’! @?pgl?até@fie }rl}cgides an upper
eldtOd€e rdtiég%§ecpfn 9%{elfr>s?zf1dtﬁ119hlﬁ?i&@ﬁ%ﬂodgﬁﬁti&pmﬁ the chamber above

i ncl udes a chanb or ne roman electrica

the drodl ud¢dtsodemdther ugler dleotiodg ianformeérfrom am\eldcyricalljdconductive

electrically conpected to a ground potential. The .
mafgrial and, & sleticalhy coppectesn q, Biso Fhamber; Adess e WpBEF Flestipde is

deBe@IPE fblaHIL 1 £ QLA TR Rhinthe Bfighit SPOSed

e interior cavity e c er. The upper
[0603]dhrandthet smbbdiaient, @alapyaratns feahesbutiog divdectdiapioperties of parts
. The apcPar atus al so includes a | ower electrode | }
is disclosed. The apparatus includes a chamber formed from an electrically conductive
material, having an interior cavity, and electrically connected to a ground potential. The
apparatus also includes an upper electrode formed from an electrically conductive
material and disposed within the interior cavity of the chamber. The upper electrode is
electrically connected to the chamber. The apparatus also includes a lower electrode
formed from an electrically conductive material and disposed within the interior cavity

of the chamber at a position below the upper electrode. The lower electrode is
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formed froman electrically conductive material and
di sposed within the interior cavity of the chanber at
W@ 2@os#ssion bel ow t he upper el ectrode. The | owe€T/US2008/011319
el ectrode isphysically separated fromthe chanber. The
apparatus further includes arod forned from an
el ectrically conductive material and connected to the
h{ Gty &peGtddOHEm theCcrafbet. STHY ARARRES hiRtter INALER M&frr d
P %’sﬁe Ioﬁgr el ectrode throSgh an opening in a bottom of orme
fronhen elatrivelly cddduotive hmtermd and coirepteddd tholdyer electrode. The rod
hysi cal ly se rat d fromthe chanbe Addi ti anal |
is {ifgoss) fo AV EISE ﬁaégwahe leriendé{Froyeh a5 ARSADEE a botiom of the
4RbS! 54,0 deOEH € bE | FRLLNIF QBSHIEEE Vifom the chamber.
chmalt eri afé a%geg) s|ososes eI ow &b tﬁ@clhan%erggﬁThe om The chamber
Additemially cthe apparpios emlsddsmmselergncaﬂ celmpohents Abliging formed from an
connected to. the ¢ er . sQ as t e at the grou ,
elegtsically i eand s%t“t%@wémaﬁg@rd digpesed %&F P 3@&%@ ﬁgg electrical
[
coﬁggﬁérﬂnégﬁélﬁl%{s %%%%y%ﬂ%%t@%%ufﬁ@ ?.%B)Slﬁéc?ﬁs[e fo'rlg%%t the ground
potehﬁall of\vetic ehamberoTe dlébfic) dompanaithdrousinpadidefintd ta house a
stem for, measuring dielectric properties of parts i
num%%%%léﬁmair@m@@ﬁn o Ry EUEE RFCPHHTOBR TReITad Grfhe lower
ele%ﬂ gé ectrically conductive material, having an
NCEerior cavi ty, and electrically connected to a
[0@6@uﬂdn&<héxeahb@dlmeﬁha Syetrefor ahaouring distke aridpppertian of parts is
| ower el ectrodes di sposed within the chanber interior
disclpsed.y Therpsastempiclusies & £harabarsfoamed tfromamn wlecHinaly wpductive

cha
G DI R gl SRRty Lol T g . e
syétémddlﬁpﬁféﬁﬂey\hlbﬁérrbxﬁrﬂ@w@h 61’&6@6dds nti§gosed withir the éHaniber interior
| ocation bel ow t he upper electrode. Al so, the | ower

caity dihe sipet @C%WQ us:@lmtylcglbp%nna@@qd fo Genchpraberrande ponfigured to
ystem.al.so in a nsni
be BTNROCCEIE RIS 18 ARt BeBac ThE RV bl i iposed ayjnin the
chﬁlﬁgeﬂ ﬁlt%&p@éﬁ@' hO at IR Belowd Thd hﬁpéﬂ%ﬁktr@&l@CAIs@d €he lower
hrough an opening in a bottom of the chanber and be

elq@trpéﬂ: asiphysieatlyascparateds from theechambepeThe Fhenyyalseincludes a RF
further include onduct o | ate.C ted to t

R s A e At N

to EIQ\’/&%'@ Rotd e W&L&é&{odé’ kigb@gi £h éﬁb@ut?: intd Botfoih Sﬁt}férbhamber and
rod. Additionally, the system i ncl s a RF signal

beqﬂayﬂc%ﬂymepmtatudefoim thet cdxamban gﬁnetsyﬂﬁn;fom lnﬂuwgamcmductor plate
conductor ljne to the co r ate, and.,a

cofatidtutocthe Gt Fatwie o b sud Do RE sy 35 it Sy through

th& Q&Qfﬁgo? Ipla{té: ﬂ?th%rI@F hldﬁsf‘ii@ﬂgh' ¢S LA i @6 i1yBiReBYstem includes a RF

W NGS Figure 1 is"an
s1gnlal Lgsnasrattor oumnsdanwd g teamsmppRFapmerf throwghagucdndgctor line to the

dielectric 0 of parts, in accordance Wt ne
copiiien Rt BXErIEF piobaie CHpEcied R prer Aoyollige dhptween the
cohﬁﬁéﬂéﬁiﬁxf%tdnﬁ'ihémwrbﬁ?e.Cha”ber confl gured to enabl e
vertica

BRIEF DESCRIPTION OF THE DRAWINGS

Figure 1 is an illustration showing an apparatus for measuring dielectric

properties of parts, in accordance with one embodiment of the present invention;
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novenment of the upper electrode, in accordance with

one enbodi nent of the present invention; Figure 2B is
wW@rooviokssst r at i on showi ng a top view of the chardEDS2008/011319

depicting the relative placenent of the three vertical

positioni ng devices, in accogdance with one enbodi nent

of the present invention; Figure 2Cis an illustration
showtipgethe 1&&9?&8&5@&{ Elﬁﬁ‘fin WELEMBE? Bafi e& ?&tenéb%’ Vertical
a top surface of a part, ccordance wt

maeveoeit o€ the opper hadfcp'ods,elntaccmzlemtel with dﬁlegamlllﬁ)dﬁﬂentSofahe present
. illustration show ng a hinged version of the chanber,
lnYer’i‘tlgl%cordance Wi th one errbodl ment of the present

i nv 4 I 0

P maOR g 1t i futaib siiluing' &' Gleb e Bk WMBibel BEpicing the
relatico® pvaamenw\bf Itheotlﬁece vooidalinpsyitiafing hlevnegslﬁrﬁccordance with one

i nvention; ure, 4A is an illustration show ng a
en!hoégéﬁlt\?éﬂéﬁwﬁseﬁfmt"ﬁ’é“%anber havi ng an access door,

in [ € t

| nvaiERs e i g iibyaaot S BERRCLBRCE olfuddd QR s to res
up6h 0 &6h \serfate00f @f pardieirc hegtbdanc with tdie étﬁb@iﬁﬁledloaf the present

renpoved, in accordance wi th another enbodi nent of the
mYﬁﬁ“é‘@Ent invention; Figure 5Ais an illustration

sho ap, exenpl. f t

acod iBBsara N R iBtablith MoRidd A BirGER BT By chamber, in
ac@aﬂmtwmeomrﬁmdcainenﬂdftﬁ@p&&ﬁﬂﬁh%nﬁbﬁh one enbodi ment

of the present invention; Figure 5Bis a flowchart of

a matigwe IBis awnlusgiabpn gh@\rvi@ghtb@ hingegh yessien fofithe ghamber in an

Wi t h arti ular part. hniace C
onghstiss HEREOIRHA i3 smpBoRGER bF A Pesthl Ol .,

i1 ughiet4080 ﬂﬁﬂ]u@&aﬁlﬁl m&a@g hanszes vb@tcmemh& RBari®ér having an
el ectrode/ RF rod and the grounded upper

' aceersedptprou'eaqs:hed@bee with@nothpreenabediient ¢f thepresens 1ayenpored

bet ween t r el ectrode and hat . el e

accnBIR e i PHIBAE BRoAr e e s i B bl Wih the
actéd¥ aBbs &fhovgdl qHGEcofddnze Mth dnotfel Ebb8itnhe BE feiprésent 1nvent10n

capaci t ances between the hot el ectrode/RF rod and t

gr olfiged Uppean éllwstration eh«magbe@r exgimplany Het glacrodo cmﬁgured to

scEOBRRY e 5 IREERERaaRD PR VARG niStRup s Hpaterial in

ac@ér@%ﬁfétwﬂt}pgﬁé‘édq&mlm%h&{ftﬁe §rek§1t’%ﬂ‘ve'n't1l)ﬂ3t ration show ng
an exenplary curve of part capacitance (Cpart)

Figure 5B is a flowchart of a method for configuring the hot electrode for use
with a particular part, in accordance with one embodiment of the present invention;

Figure 6 is an illustration depicting capacitances between the hot electrode/RF
rod and the grounded upper electrode/chamber when the exemplary part is disposed
between the upper electrode and the hot electrode, in accordance with one embodiment
of the present invention;

Figure 7 is an illustration depicting capacitances between the hot electrode/RF
rod and the grounded upper electrode/chamber when there is no part disposed between
the upper electrode and the hot electrode, in accordance with one embodiment of the
present invention;

Figure 8 is an illustration showing an exemplary curve of part capacitance (Cpar)

versus part dielectric constant (Kpar);
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versus part dielectric constant (kpart);Figure 9 is an
illustration showing a flowhart of a nethod for
w@ 2009048517 ng the rel ati onshi p between the totaPCT/US2008/011319
capaci tance (Ctotai_w thout _part) and the separation
di stance between the upper efectrode and the hot
el ectrode, in accordance with one enbodi nent of the
Pr €58 Rire 1EAH ilﬁl@ﬁrathrQéHo%wﬁQ al ffovidhatt! $fUS hleftiddOfdr cahbratmg the
showi hg a nethod for deternining a capacitance of
relptiorlsh(}q:etme)m the tota aragamiacer €k one. e0d add rthm‘sepafattohahstance

rese i nventio ur.e is,an illustrati,
Rt P RS e ElorR0 Gn 2EearaATeE AYiflgone fmbodiment
Of%eeé{gggnﬂ chfgist ant of the part (kpart), in accordance
one e od| ment of the present invention; Figure
12 iKgan 10lik as ilhstiation shovwngg raethbcbﬁnhhtdrmoﬁnga wepdedance of a

for. determning a.loss tangent of a part
patdGorl i R OURATRE Bl BRISETRORETEN Of 1 ei?PEE‘éﬁ'Etm
i nv Ll | ‘o
cquitdEpan {5 Hiitod Shifing o iichah R ARY B ftrmining the
diclppfic abnssansiof ithd part (a1, idisspadatteheitivennembedimepesf the present
el ectrode and hot el ectrode, as depicted in Figure 1,
inygptigecor dance with one enbodi nent of the present
i nv [
exernFuB 12 SO, LAl ol g et ofla MENSR Y Mleriining o
lodsrteeeansya pat,dan aamdmel wathtneetiboditerit of thef prespueinvyntion;
sweep of operation. DETAILED DESCRI PTI ON [ 0007] I n_ the
f ol IBgRteg Idesisr iapt iiBustratigre SBONINgp < fGquiRkeNGj felsciical  circuit
h royi
reifbork Blobrbs e BbfiRt Gl BY IR dedoll BURIH BRI Blkfific and
hofQ&weHle, A9 depictedkin! Figdrd M, ihac@rdarcbawith %epérﬁ&&ﬂhent of the
i nvention may b e practi ced without some or all of
prcse;etsr@vgrpm,ﬁné details. In other instances, well known

AL R SRR DB s

gaimv&msl ueh &P mehGitéEarld eSorded id 4 Bequcaty SWesphefadpathtion.
an apparatus 100 for neasuring dielectric properties

of parts, in accor MABETAILED DESERIIEION nent of the
present invention. In one enbodinent, the parts to
(000l dinthe foliasy sk dissarirgiops DPBFIONe Spaviae deials arecsel forth in order to

ric compone 0 | asmapr.ocessi
Pro W A Rora gL B OREE i ot W PP R B RC Rl e BAER. however,
to %%Qﬂﬁatlﬁ tﬁé"ﬁ{ tﬁ’éft e Hesc@x RReAGord MafRbe pRadticed WithBet done: or all
pl asma processing operation, and thereby potentially

ofi mesmmeczﬁct desailRE Ipmmr instamessi well damomtar Piegesstaperatioas iave not
be C es %1 3(%& 1n or grr Illoq QO turqgec ssanpaob%crzgr% %ﬁ'e pregent invention.
8‘& 8

[0008] Figure 1 is an illustration showing an apparatus 100 for measuring dielectric

properties of parts, in accordance with one embodiment of the present invention. In one
embodiment, the parts to have their dielectric properties measured are dielectric
components of a plasma processing system. In this embodiment, the parts may
correspond to components that will be exposed to RF power during the plasma
processing operation, and thereby potentially influence the RF power transmission
through the plasma processing system during the plasma processing operation.

[0009] The apparatus 100 includes a chamber 101 defined by a conductive material and

electrically connected to a ground potential 141. In one embodiment, the chamber 101 is
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[ 0009] The apparatus 100 includes a chanmber 101

defined by a conductive material and electrically
w@eoneetsed to a ground potential 141. In one PCT/US2008/011319

enbodi nent, the chanber 101 isdefined by a conductive

mat eri al of substantially | og electrical resistance

such as copper. It should be understood, however, that
defifle®@ el GRRALIVEERLRrial 3¢ sﬁbamﬁmgl% CRRuRE] JEHiLARE such as

by other low electrical resistancé conductive
coppdreitishbsld euaidessoa, howavery thiabingotbethanbodiffients, the chamber 101

appar atus 100 al so, i ncludes an el ectricgl conponents
caﬂoﬁ%i@&n% mﬁal?fﬁemfl%ma%ﬁ%d{?élﬁa%e rabdyotiye Matprals, such as
IEhBGhT biRhbYoth@8NPAL SPpdraud 90OMES! iRILER iR kleldRal t
aone en%gﬁbgé%t, tﬁe eP%ctr?cal conﬁonents&ﬂojgﬁﬁg %%gmnwns
housingd¥3t defimed Hyed ovnductve insatdréal ah klartdcally connected to a ground

el e_c{eri cal ly connected to iﬂfge_ crarrber 101 so. as to .
Poinaa 1?-&6&&5@8%3%@%{59?@ irigel GRTEPPRERES hausingel03 1 positioned
beww cély%%eﬁr@f%isje%tﬁ&ﬁg WOty th eeéﬁaﬁ{é)ei: ??{1 L aslfd%hare a
efined to house an upper el ectrode 5 and a hot

coftimar grodad po@ntidihathuppeeharabactoliode 105 is di sposed in
an upper. region of the interior cavitxgloz over the

(0B Ehecehames Hdoinchidepag ivteporicAet 102 iiefingdhde house an upper

eleecltr%ﬁé il 9? ?in%g%olt §1e?664é“ﬁsb. Fhe gpéraélgctﬁ)fdecl%@qy ‘fﬁsbé@ed in an upper
material of Iow el'ectrical reststance, such as®copper.

regibn tdfi the eiitoaed casity, 102heverahe hoekleetlréded 09 (b dieadntbddiment, the

di sposed horizpntalla in a substantially |evel _
upper electodeod Oh is rdafined casi dmdate if eomdpetjvel grteriphof low electrical

-hi ckne 0 pRer,..el 1 ;010 .

b7 S5 %, e PP e LORAIARE e S8y 359 uPopime i

didposédhédintalBy il AQdstabialdf 1ebEorikpRionelREtRE ttd@&r cavity 102.
across the interior cavi t¥0102, and the weight of the

Thepiheoknesseefi thedwpen slecodrol 0% gamyvarmt soalong psde figidity afhibe upper

oA GREREBRA sEelent oy el o el InbedphrodeE 105 across e

inRH6E tadele 108)Sards tHéewtiRRE of $heluftP REdctiddat 1®5 BMot so great as to
exenpl ary upper el ectrode 105 thi ckness can vary from -

defayouother componanits that abld bearitherwedight| of thaapper eleestader105. In the

di t h I d 5.is defi
eraae e i uty R Elecfind€ 107 eaetioda 'S sBppHaplaf of exemplary
up?blzae&iodehﬂwmmeﬁsl &t vl ErohDabdud 0IEfs MeH t8 4ebutt hch. In one

he upper el ectrode 105 substantially covers a

partiqudariempodimerticthie pperi alectrode i1 0§ isidefinied s 2@appdr plate of 0.25 inch
cg&ss-section area when the upper electrode 105 is

thigR4S8i oned in a substantially | evel orientation within

0019 ARbSS 5i9k of A hipel Qrectrble P05 isSIUMRILH TREM that B 4PMRFElectrod

[ echtrode Hog 'S g%%ed chh tha% t he per?%hgry of tﬁeecoe

106 pyubstantiayt coces 4 Oajentyeofcthe tinterint bavity1l 02nhdrizomtad cross-section
i nches of the chamber 1 when the. upper elecirode is X

arcaolen dhe WPPFT FleERAc h@lg.lq BPSIEaRAd: i b bstantially fevel orlentation

wiE‘PH RSt lCXVi%I%Z' bR cmhocﬁmen{ WeLhppel EleERE Y 1037 sized such
so, I n one erbodi nent, the uppér
that the periphery of the upper electrode 105 extends to within 1 inch to 3 inches of the

chamber 101 when the upper electrode is centered within the interior cavity 102 in a
substantially horizontal, i.e., level, orientation. Also, in one embodiment, the upper
electrode 105 is sized to extend beyond a periphery of a part 111 to be measured by at
least twice the vertical thickness of the part 111.
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el ectrode 105 is sized to extend beyond a periphery of
a part 111 to be neasured by at |east tw ce the

W@ 200vjoessh7 t hi ckness of the part 111.[0012] ThePQpps2008/011319
el ectrode 105 is electrically connected to the chamnber
101 by way of peripheral conpections 107, thereby
pl aci ng the upper el ectrode 105 at the sanme ground

i
(08 Yiie) BpeP kSt ARG lectfaily LOfdily BRE Bharmber 101 by way of

petiphdralr songectiondil0g, théreb glaspppethe abperteﬂmiedé.oas apthekame ground
chanpber 101 around the periphery of . the up

potsniak asotie chamben }Plofrélemehffrﬁb?ﬂnne?tmsd&ﬂ qaﬁ éf:féwed to provide a

su%sg%glga?lgl g)ﬂf)rrfll% I%Ld‘fnsgdgif‘lfgg glgﬁgryef'lu It 3210% Jﬁl}ﬁ I?an‘?&er 101 around

thd peiphetycofahe ppperfetictrods 10tk h bReletbodiaient, ahd periphbral connections
subst ant i all\é equi valent to the | ength of a side of
€

107 rpee d ’élbb'd%lei@?f RPPErHiOY- pbpdimenh e solid sheet of
ﬂe];( b%( gﬂéfé c(fqu eﬁL d 0 lllas’ﬁ%l 166 rétl re Mlaﬁg @@l? %lgﬁit t'i)ghé ﬂggth ofa

51deh Gf YR @ippet %IHc’fr@d@ 11)@5 In Ah&0 einBod1h1€$1t etheofexibry coﬁﬂ'ﬁi foil is
flexi bl e copper foil is electrically connected to the

elqgﬁmumcomtwm thgupremeledrads along tigtantise le@ggwf e edge of the
upB? ec'e:lf:?tlé%f ﬁ(b%p 2(% In? lt}? m%%ﬁlrﬁgr? tqléhﬁéclbl%w gpan g)lillpﬁ électncally

avi n

cohfted {oethicdHambepper vfaqxl ﬂarostmateem e eﬁt&@deﬁg?th of the edge of the
respectively connect the four edges of the upper

upptredlestendle 11095 Thus,tvnl@h ehanparelagrpdadiOp defiped 3§ aplate having four
al so d f ine

cdgB} Fou 1P PR 1ok aTiERATEued o 1Pt enp e four edges of

th@ﬁﬁp@ﬁ/eila@&odﬁwmn@&m&eanm Wayist rati on show ng the
chanber 101 configured to enable vertical novenent of

[0013 Tl’p;pepp@l dedtraddel 00055 alsn dﬁfmddanbﬁa mgved vartically within the

nt of,.the present nt o In t odi nent
chgbp; QBois R BY VR B FRLIS Rénia dLGHERGN showing the
chgﬁ)xgé' ?QF@oﬁ‘ﬁ Bd QY lefiSle %rtfclaﬁn{o@@mgﬁt bheheC QectBde 105, in
Eac t he rt| cal position devices 207A-207C is

acdsrﬁamdwﬂtloomlahb@dlmnt ofcthe ppesenttineamtioonknrtbt enmbodument of Figure

ective fti.n 2 - . Each ]| n
Avcibe voreal posHORiaE quidrs FUA-Ads 2o PYIdeS Atoflevjoprof the
chﬁ’mgéls ot Eﬁghgfjtﬂeovérﬁ@al éB‘éﬁfone&% I09R S8 E%s defined to enable

structures 201A-201C ar connecte to the top surface
vettical hwsitippecomtalcofl adeesfddfive Hafting gmieohibers 2084¢203€. Each lifting
201A-201C i s defl ed to receH{e a respectj.ve |i

merabiset0390 3036 o5 defiagy @ haye & Hiting og, Wit erflisk, pitpe ed Wits lower
en Sk 28 ) 8 2096 RELohARER) B8 i utcordhe wper

elacwriotie ¢0b. Biuchdaideagiuoture EolcA-2QUC de dsfiedab uec&n&(hlﬁsﬁ@ﬁ% lifting
is also defined to include a top. having an_acc

membarL034\-303ovMats nsetically, qagk gNdFtSFIH@mF%aOlA 01C is defined to
5 TGRS T Xl eyl i
regiBADBAc @dille structure 201A-201C is also defined to include a top having an
access sized to allow movement of the lifting rod therethrough without allowing
movement of the disk of the lifting rod therethrough. Thus, each lifting member 203A-
203C is defined to be moved in a vertical direction 205A-205C by its respective vertical

positioning device 207A-207C.
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203C is defined to be noved in a vertical direction

205A- 205C by its respective vertical positioning
W@l2000065207A- 207C. [ 0014] The di sk portion of eRChUS2008/011319

lifting menmber 203A-203C within each guide structure

201A-201C is defined to engage the underside of the

top of the guide structure 20l A- 201C so as to enable

t :

(O A B ioh O i, Bigh IS Q0IA N SEAmOtn Bt Bucture
2020120 12D isGlefidd itd |eng:fgelt§xe underside oéltﬂtmtszrmfrthe gerlelstratture 201 A-

the vertical, positioning devices 207A-207C i ncl udes a

2046r 89 @t sBable .vaﬁlqaﬁapﬁ PRINgtaae piPpGT alestredenby by vy of the

lifli vﬁg Crﬁ&fl%ér? &3ROS %gcsl %.ll&éq Strhdthifek nﬂ)l E@ﬁﬁ Kgéﬁroﬁ%ﬁ in one

urn provi measur e of t vertica

enfteilithéa) eavh 6h&1eumﬁcalqioeaiolnﬁfgedéﬁ&esl mmeom ancrludlqs ®lvertical
the lifting menber 203A-203C. In one enbodi t he
pwémle@patsbmaf PR idel o BgASBIesofghe v HRICHlaasitionOf | thé lifting member

20?)%2?(%3(9 rUVngh qﬁvt'uﬁF E{O%?Jéb‘ %%QSLH'E %\f' tﬂg \%ﬁ%’ﬁ%[ tp'oglﬁé{l hof tpe upper

on neasurene ot near est one- ousan

elé@rodeabs il tHehh¢inity ofiddi liftiag mietnber Q0B Ai208 Cv &1 bneahbodiment, the
el evation control of the upper electrode 105, the
vertigab pogitien  indicaterss Pt thsnyergcalerasitioning devioes72074-207C provide a

e e R T SR L A T IRR

[oeisqcmraqdﬂloh% ptdVidihf vemcslcélemn cbh@elrof tRBu n%ﬁer an:ctrode 105, the
l'ustration show ng a top view of the cha 101

thceememqah gosm@mng [davicese2hlAadTie are pesitionediar the tefepf thezphamber

d
1R aisRorebyf RoroRel IR, onef RO SRR Podishadg ey n
difRBoRe Fi Z%B@QB i9hn HIRBrARRLhoBEL & kiEe QT thScHahdhen 101 deplctmg

Fi gure Based on the placenent of the three
thv erelatival plaogrnentonf ri@e d@Wec evertizal posiipaing deviget|2978e207C,

ted that t d dent t f .t
acg A PIGBaere EOO SRR CDE DS tvatBhe AtoPripf 206 of the
el[n‘gg% d19hoh ﬁé?%lééﬁ'@&é 16% 8CdnoRSen Higure 2B. PRs&PH el fl&%ment of

As d| scussed in nore detail bel ow, during
the gaeavertinalgfositivainghdeviiees 2004-2HE, ultquleuldebeemnrw@ed d&t through

i.s lqQqwered s to rest uonato surf
mqfapfnaaﬂb%orﬁrgisﬁs i virbegl, B53Rortug fvicet R A2 76h e Horizonta
1evdINY dt9h eHQl%@t"rocfé AP AR cbhRol@er ed so as to rest

upon a to surface of a part 111, in accordance with

[00hg] Astdistussedtinahorehdetyil bslomt, dumngrnpemuLonTco:f thasiamber 101 the
t hat theuger electrode 105 is allowed t 'fgfp telly
unpEE EleOdOR0B fis (AMEETER P 25 19 TESt WMD) (0RIEURIGELRY Pad 11 to be

mé%ﬁédzg%grcf‘%@ tl)gﬁf iiR&tad S uchwgw %lphélf dLREb TGS WRered so as to

A-2 ower e eir |sk nmenper s
restiypengage sirfave dffaepairiop 10in idaer@ucedmthtoma etnbodsnent of the present
201A- 201C, therebhy allow ng the per el ectrode 105 t
inyengtont 'a gnsure that 8}9 uppey ﬂectmetlomall%eq tcfomp %talywst on top of

thé tﬂgrtglei‘f,sth%lgﬁifﬂezéltﬁgnﬂgg Wﬁlg-f()'fé drk QLR (SBITRSY the lifting members
203A-203C to be lowered such that their disk members disengage from the top of the
guide structures 201A-201C, thereby allowing the upper electrode 105 to rest freely on
top of the part 111, as indicated by the gaps 213A-213C between the lifting member
203A-203C disks and the top of the guide structures 201A-201C. It should be
appreciated that in this embodiment the contact force between the upper electrode 105

and the part 111 is defined by the weight of the upper electrode 105. Also, it should be
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203A- 203C di sks and the top of the guide structures

201A-201C. It should be appreciated that in this
werodissent the contact force between the uppePCT/US2008/011319

el ectrode 105 and the part 111 is defined by the

wei ght of the upper electrodg® 105. Also, it should

beunderstood that the horizontal area size of the
urERYIGHa RO ﬁsnﬁhﬁata&&dﬁzel&ﬁhe BRounBERipber REcABER105 can remain

regardl ess of the size of the part 111 to be neasured
thesarhe regatidess lofi theesizeldithe p4ro 01L17ﬂo bameasutddevitentthectiamber 101.

[OBf?S]It \t?\’:hglg Intggbdevlagg%g%ggggz%ygceg ndQﬁéoé{)'f(z Hd esponding lifting
mébés ?aé?g %(f»j}j and 1d9&?ruor | Zondﬁpﬁ?f@rrfﬁgé&tf ght e%ohf?ﬁent for

verti el evati o eve he up
coatrerltnrgaﬂe vaifhisalvélévation taneé hohaasfaelrleitﬂhf the uppen u:le«ttrbée 105 within
reci ated.that_ variatigons_of thi.s. enbodi ment

thﬁpﬁ@ﬂb@ WWedt shopld-bs epnseqintad that vapationscof| this eé%ﬂquaﬁnt can also
f ¢ 8\
oA SR e LBl b RRE oM 000 oty e
105eEbaskdisplesothér @ab@iimentsan imdhdy sdditieial eneoharit, Isiich as gears
identified herein. Al so, other enbodi nents can incl ude

angd| getqrenpet genlicitbs identidigd shereipt dvlso, a9thets embedismentpean include
{
R T R R

otRétabimdodiaiEnt €hn ciaclude| datd dicgmisitionr iy cohtrélhéntsrdade®Ud enable
vertical positioning devices 207A- 207C, and thereby
compmcneccm@érané @emﬂm obHthe F@FMeY%e@ Pasitiagying, |dev1§@9 207A-

03@‘1? (ggh%%e%@ qt,the ;%1% o efégﬁ6&)eh %é %ul]dot;e ﬁg?ecmted that

upper o rema

the Ipefiphidr&lad dnyie & IUME 10T Qe H@ﬁﬁddetoCd]@mbﬂfe ubpér mbﬂrodi:SIGSh@ remain
vertical elevation and horizontal |evel of the uppe

eledtaealyoepaneged tos ttmlqhamb@ﬁ 101 wallps tbwemcnbﬂ@vmra@dtm@zomal

LA P ARIRRE R BuRe ok OBl B peronen

confkdtionk €109 aré Welfined @yt sh%bt%%faﬁ&@m & fblf Uh¢ shésigef flexible
of vertical novement of the upper el ectrode 105,

coppehfonl arp eof swffigient pize agtomymadete affull pange o4 vegicall mpvement of the

REEEVERE Mo Bt B anpaorea Budp2ef BBl thi n « ne
[Ogi‘ﬂ”ﬁﬁfh 13 renid IBaél@%’qiiéurEol t e l&’&pﬁéctﬁdcﬁcwﬁqurmts a lower

The hot electrode 109 i$ defined to support the part
eldﬂfodbmbhnnhhasa]na&dber Thk Widt respedt tootdhe upper ietectrode 105. The hot
el ectr.i

R S e ¢ L R e 10

{
ity RTBCSER D K18 13 Bl R e o s

elaclﬂ)darlé)9®6m rthel HFocdmpcniemstwutlualthc/ e!estmical minfbcmemstltwsing 103.
B RP ol RIESiel PO and St Kb To0 15 e bt tonbe girciisaly isolated
ﬁgrég%{:lﬁ%&gqggglg% @%g&f)?éﬂ% @%hglﬁoﬁiﬂlﬁghﬁlﬁhgﬁﬁéﬁor cavity 102
todrac eicugh awagtfume thet grouddet chbmber HilewaldOscaasttotalveid obscuring a
capacitance of the part 111 by the capacitance between the hot electrode 109 and the
chamber 101. In one embodiment, the hot electrode 109 is sized as small as possible,
but not smaller than the part size 111, so as to minimize the capacitance between the hot

electrode 109 and the grounded chamber 101. Both the hot electrode 109 and the RF rod

113 are defined by an electrically conductive material of low electrical resistance, such
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chanmber 101. In one enbodi ment, the hot el ectrode 109
is sized as small as possible, but not smaller than

W@ b@9pesst7 si ze 111, so as to mninze the capakCT/HsHE8/011319
bet ween the hot el ectrode 109 and the grounded chanber
101. Both the hot electrode1909 and the RF rod 113 are
defined by an electrically conductive material of |ow

as'?cloggt : g?j;@lho'i QRIcEbANGHY iS HERRY OORRR a vgﬁ%aﬁhﬁlﬁ%lﬁneis sufficient to

109 i s defined to ave a vertica ckness
ensghif imaniuéagture of thedivt elecmodd HIX witbowfdidtbmtiohpindatb eatsle depport of

thg,spmPined eiEBihet Gie B 1Hhend Hppon Aleciipdo 0L ML diortion. In
aﬁlgés B@&H{e , %CHJ‘[ 'efé'a odd" @Eérpﬂéd@fﬁqubrﬁﬁ%ﬁ’veft{& 1 thickness

ectro e 9 can e de ined to e a vertica
withih akmargsexteriding) franr shoge 0425 émdh tocabononiredhes!tin @ng 2mbodiment,
i nch to about 2 |gches I n one enbodj nent, the hot

the heleglpeiende 1169 is defingd todiave @ Yeatieal Ahigksness.ckhen @fﬁl&sﬁ%g@thm the
chmg% ﬂ{l 8?%1?0@%)47%%& the chanber 101, of about 0.75
I ncn.

I n one enbodi nent, the hot

[0819cAkodm dri¥Oerabadifient; ahd houelectréde {0 bartlbe abhfyguredito include
features to facilitate proper alignment of the Eart
alignmeptnfeatiesntor fagilisate mperer phignment ohtheapsbod] hentthe hot electrode

35§95k EhRBIRR gk, ks B 10 B EF 6098 10

achie0é® MaénOhe tp2et 1 DD is lsmﬁswmn;: deht%rd‘wbn ahe abp Qdﬁ"aéeDBf the hot
In one enbodi nent, such as that shown in Figure 2A

elactredp 309 elncener saleodimegnt, such aspibat w“ﬂymaﬁg@wee%r the &iof glectrode

nsul at e or al e n
10875 $uFBFiea PR RleceRf? ifsiRaed RipBB SRR 0 B bae Bbodiment, a
nuStHeP Wt talighmet ﬁ@l@ dr® pPoaddE iR BfelUingaRitedOSippbRNINE 2090to enable
al i gnment” of t part 111 on the hot el ectrode 109. In

acvmtmltmbmﬂandeait@mmhef dwsrmwr tl1pemthe o glestipde)£09. In various

e AEt e G Ml 2 SoLR 008 RSBy ot et
1n§ﬂlﬁh% I%Qt%nhls Ih 8h&eRbbaiEnd tRE 8giport P09 forhdOfrom plastic
one enbodi nent, such as that shown in Fi gure 2A, the

maamio Alsoplimpee dbodimentisutiess thap shewm i Figora Zzhethe support plate

PR R R R .

21t1h?n SACEMBBiR{enfkhstatd 81 IS PR red Hyathe sae- mit@naﬂ% the support
nbodi nent, the support plate 209 i's defined as a

pl&telZOﬂ pl amt embadisienhalie sgppert plpten 0Ryisi definke as arsobid plastlc disk
through whi ch t he RF od 113 .ca s to.connect wth
haying %oqpeé}n@dflr%%eniﬁé el avmhtgfﬁ&s rodnbigcfanaNps toygeanect with
thec‘_th@f‘g eftrdde | 69 fsbnﬁpt}ﬂsc' embs@inht,haStdnd 7119 defined as a solid
C|rcu ar cy 0020] I't shoul d be appreci ated

plidniatnghhenrmar@heddsrr ode 109 is defined to be an
interchan%gabl e conmponent of the apparatus 100

(06209 It sshouKle be appeciated Hbak, g &gt qleqtiode 1400 (ig dsfined to be an
1n%ﬁ?1§“ée%g eV\éJélllepo glgty of tI'hF [;fé:&t‘a\é"i 06.M8Lcab 88 s7Rs 8F teVRrious parts

111 to be measured will vary, it follows that the size of the hot electrode 109 will also
vary. While the size of the hot electrode 109 does not have to exactly match every part
111 to be measured, it is likely that the various parts 111 to be measured will vary
sufficiently in size so as to necessitate use of different sized hot electrodes 109. Also,
the particular configuration and characteristics of a part 111 to be measured may require

use of a hot electrode 109 that is customized in size and shape. For example, if the part
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vary. Wiile the size of the hot el ectrode 109 does not
have to exactly match every part 111 to be neasured,
WO 200we48sikel y that the various parts 111 to bePCEHS20$011319
will vary sufficiently in size so as to necessitate
use of different sized hot dhiectrodes 109. Al so, the
particul ar configuration and characteristics of a part
1111&1&%%&@%&5 RehbEBYed ﬁﬂid'Jf%oH&?ct@E nfatéd1, @k Gt él@é’t?ode 109
I's custom zed I'n size and shape. For exanpl e,
mayf nedet do (berdefingd to mppmdtetsheqxaa drl while abotssdda p@altucsnmg of the
co teri t he hot e|ectrode 109 . need
hObeﬂa%?fﬁqql@) ggne@tlbﬁﬁrqmwse gpRdughive %?rvag wiftag, the part 191. For
: I dgel
1 ehth
1ns?%‘§ 0 %gg]cfgegi 'éle‘agb&@ ?b i rlﬁf’;ﬂeﬁvm@ét}ha Qﬁb&ﬁféﬁa&ﬁductlve

conducti ve nu In t part 111.
mdterialj nisd¢ ancedded obhd’udnwb mlaecil otey posvids fpnsntnemeddelectncal
beneat h the enbedde pduc ve material, th edded
copFHINRAOY ebsTEY the H‘a§ 60 i Thecings ecirbds 103 at the

locgan gﬁ EOE 'tlfeaémﬁte 96%%%9@1{%?—%’? %&}H&bé‘«oﬁf?ﬁ ndt e q‘%ﬂrg%ﬂtajagg of the

ectro e location o
paﬁﬂbe(kde.dwb@le dBextaus&ethﬁqmﬂrlllalto betmealuned chal baof efventially any size
representative of the part 1 11 as a whol Because
and jcenfigiratian and ean inglude 28y aEangemenb o smbedded randpetivepgrerials,

it &Pﬁﬁn‘g‘éﬁ%’é’ gté(g a?tﬂe%t el G, d%%@gﬁ:ﬁ;}?d ﬁ{)ﬁa@@%@&ﬁﬂ&lly any

con |vemaer|a )

siZz2Rp0eohA@dtibmas nédessahpio Rcemiiodde the Partiznlabehdtadterigits of the
to have essentially any size and configuration as
partdddde ke yneapursd.commodat e t he parti cul ar

cteriti.cs. of..t r .
A
coifipertd agQcddifmoaasfa ﬁ é)%@ PABCDINMYD gadh@ding khfb@d@ddaﬂﬁﬂuctlve

e

part H A including e d conductive material, in
matertaly taseserdance, w@heor@rm@bﬂdmmt affthe ﬂ?éeSQnte@émtlon The embedded

on. .The e onguct. ve, mat.er
copfRefive RBTIH) HITUARES PGS GG Aol AR PR IA}A at locaions 501
THeolﬁﬁtéIQdﬁ%dé QboaTReidratd @b favd @ dBokddha F§ t6laflowele thot electrode
have a spoked-shape to allow the hot electrode 109A to

1094ptosuppotishppatt 111AAwWhié sienultanedushhawiding pdgasmenhgf the part's
| aceprent . of. t he artse dcondc' terial

enthsdel eRR e RaBit o i FOBR B UErTrai 19K SResTidslly, the hot

el&Bat 1t @ﬁlﬁ id B9hedo @%fab&%@ af B398 'Uelo@‘? tHeQe#ed@E® conductive

503 bel ow t he enmbedded conductive materi al | ocations
m#eral locatdrsubel. b shppldebé appreéciatet that inhbe ssame mannar that the

exEBRiany Bk BIeFBRIG MO 35 PSS oally SORBERIRG, b FiFc P L LAn Bier bot
elﬁgggﬁel@j ife @J:thalg)pf nEgHeadof HhedRMN 1@3”5 111.

I gure B 'S  owchart of a nethod fo
[0022]fFigure SB) i ddlolvahare b atmettied 6icdndigutisg thv bdt e{iectrode 109 for
particul ar, part 111, i.n accordance with one_ enbodi

uswith @ B%fél%‘ﬁ’f bafiy Bt 1B AccEnS o PROR SRR, Of e present
inPRELA! TRE médiod hcIGRls & BFeriid 316 O abhifif o Fiale ¥f electrically

conductive material, such as copper, to have an outer perimeter defined to substantially
match an outer perimeter of the part 111. In one embodiment, the part is a dielectric part
including a number of embedded conductive materials. The method also includes an
operation 512 for identifying the location of each embedded conductive material within
the part 111. In an operation 514, the identified location of each embedded conductive
material within the part is projected upon the plate with the outer perimeters of the part
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conductive material, such as copper, to have an outer
perineter defined to substantially match an outer
wp@eoooretser of the part 111. In one enbodi nent, PE€TESAs/011319
is a dielectric part including a nunber of enbedded
conductive materials. The mgRhod al so i ncl udes an
operation 512 for identifying the | ocation of each

anfTREJigd sﬁgﬁgrg%yyvaﬁ@% e, | wea%%&r&tﬂﬁi B?%tpdé‘éé%s b the plate

an operation ocat 1 on
definingctle tioceledmlci are rémtb\&adl altheMdchtionst doerepporidingsto the embedded
proj ected upon late with the outer perineters
coviiect%rm%tﬁraalt lﬁeatmnatpéomsétt%ﬁw%iw 97§ @E garh repowed .pﬁrtlon of

theﬁgepgeiﬁéetgc%dre aéjlg ’suﬂﬂ:ﬁénlt %‘%n%?.{re lﬂx‘? tﬂe ﬁ{)t?elg@t];ddy ﬁ%t located

are renoved

belv f}ﬁsdmﬂiﬁdd&g corluttice ﬁﬁtb@ﬂﬂwﬁihﬁmhé lp@t'tl Mé witednethé aliter perimeters
| ocations projected thereon. The size of each renpved

of iﬂéﬁr parbhl loand et efpstrods plater Kiearp phgred; dodhg extentaessibls, operation
SBT3 e 1 R L B SRR o i 1 bk Mo

com@aﬁeﬁthe outer perineters of the part 111 and hot
el ectrode plate 109 are aligned. To the extent
IO%bﬂstherequgmeabaCémtosfegure lpéh‘? slestiical components theasing 103 is

aclii BrhoiBe SEbIT obe et PAT P indhei i Sony SRy IFLRY bopyeg o he

REEHRC T sl erfaBIIR® B&itEc oiﬂ@ibslie@&lah@e% fre§udiRl on etk dppal@SE0. As a
a nunber of electrical conmponents for conveying the RF

gromded Str@CttheﬂRFek?C@@icai eemperengmapsinggl (Bopelsoldefined tegprovide RF

f f 100.
shicf O e b P bopins! BB e Rgrng efiesr a2 i yhich an
Rﬁﬁﬁl)élsgeﬁe&ﬁ)rQQﬁ '1§‘ €&nfe@te8 ey b denduktornizg! AhMF vdiRReter 127 is also

el ectrical conponents housing 103 includes a connector
conegtedotothe ccbnmntORIIZ% wglraaitonglgqter 43 »rThexdedtdcal componends housing

[ duct I 27 i [. )
10§ SEEEBHEE & RESoh kAT to iSRG, Fobffissddis pagnected via a
cond§ct& EFE. 'Th GHle SBBIPRER SheQtRlefBrs1 P20 ah$ 31 @Fé He@ed2as BNC

connector 131 to which the RF voltneter 127 is

conmgttmst ed via a conductor 137. I n one enbodi nent, the

ctars 1 9 and 131 are d d as. BNC connectors
lﬂ%ﬁgﬁi OmnoagAts @sﬁﬂaaﬁﬂ% %wgi'ﬁgs 3egndyctey plate 115 of
Jow HHdsEs r@s,lﬁﬁ{églfﬁfh ialPhRhSs :i:qaﬁpé?f thrQV¥rEV Rich rthe:l\ﬁk ower is to be
resi st ance nateria suc opper, rough @ ﬁ
traiRbmjttede The sohwechor 1t219as$rmn¢oeszi1 thfdugghco napacitar 1 126 the conductor

connected through a capacitor 117 to the conductor
plaie dile te ppablg the, Bibi Rowedransmiisdetrom, tha & sighe sqnsmqrhle% to be

TSR R HED 2, SOEKF IR, L1 s ety

cofthé@tdd fodtht lcynzotorddl ad chablé brceranaginectich3df the RFwdiingeter 127
el ectrjical connection of the RF voltneter 127 to the

to dhsherndustor plate d13.1bhe eipetrigal compongnts horgiBs d A2 Juklridneiydes an
mdl%%or ll'i@E Q%pdcﬁ&l i"ﬂ?%n&‘g variable capacitor 123, each of which is electrically

connected between the conductor plate 115 and the grounded chamber 101 bottom. In
one embodiment, multiple capacitors can be electrically connected between the
conductor plate 115 and the grounded chamber 101 bottom to provide an equivalent of
the single capacitor 121, as depicted in Figure 1.

[0025] In one embodiment, the capacitor 121 (or its multiple capacitor equivalent) is

used to support the conductor plate 115 in a position so as to be electrically separated
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i nductor 119, a capacitor 121, and a variable
capacitor 123, each of which is electrically connected
Wheionees51T he conductor plate 115 and the gr oune@&dus2008/011319
chanber 101 bottom In one enbodi ment, nultiple
capacitors can be el ectricalil3y connected between the
conductor plate 115 and the grounded chanber 101
r fyat Q;
O PO ot Rime o3 Breby 3Bjng 2 short between
thee rdoadicrentplaté hH Sc apd.ctht oeledtital( oomporentalhbughg 103. In another
paci t or eqU| alent) .is used to support the conductor

a
“§H°Qt"ée%1§ §CH1cR psogﬁsvl%aﬂg SHPRQT  bFagkst |cap bs qip yio support the
fqr r é&ﬂ(ﬂ& n
coﬁousn IQI% légrgffwgfte ye@avm glc%sgﬁé%§%usgg vveé%lathﬁ}aonany’ the RF
rod Andus bm:trmhhy eodricotednd théeordietdrrplatal 1 1Gowpemablet ttansmission of
housi ng 103. 1 n anot her enbodi t, electrical

the A‘%pawplh ouy thsorendyeies inlats ldént%@eula%del@%r@ap@r {Thepariable
ca &U%P%? ggbé‘kgjéx}éﬁ 8% {a] t;lE %{g&g;ﬂgﬁ Fe '@30@%8859& 100. For

ousi1 ng t1ona

ex&mplt Ilhb oakiaylecapadnr dd3tantiieset o dhiatt the rdoabseelfiéqueicy of the
enabl e transm ssjon of the RF power fromthe conductor

apparatus 1995s substapdialy equivalent @d@e roorationd fjegquengy ef the RF power

to BREREL I he BRpK B B B R 3T Id¥e HERRREN S
[omrjlml ehﬁﬂmmmobaxiz& e@mg@eedsm aSﬁulanatt of heays with regard to
resonance fre%uency of the afﬁbgatus 100 is

previdigasessalforplacameps o e nast Ibt!@rlm eleatipdg }%mr@yloval of
thwﬁléﬁ?} EE “ggf}mﬁ‘itl eckgr%dfte ‘;18% F Eg gﬁg@?ﬁ'}ap Sovsq?lg a hinged

vefsigH T thd OdhaGiber b1©1cqmacgufdaﬂcd nnﬁl aﬁertz@ﬁbdaﬁmmy& \Whe resent
regard to providing access for placenent of the part

inventiopnIn the hmgetélvasmrodbe rbamberd 19k ap dafingst by v wpper chamber

poryon, 0 PR e BRisnhGAbareeien 104Ps Rofinar 3onde Bflwid o enabe
opeRihg df th G @ﬁ&ﬁﬁeﬂpdrbo@ m@wmgﬂfe@%u t®the! 0% ePERSEIYr portion

invention. 1n the hinged version chanber 101 is
IOdIBf F@de By isaan Ulppleationishoiyeng the hiriged veGion efittle chanthee in an open

rtion 101B. h|n 303 i S OVIde
st P&coa‘%ém: Wgthoqnetwﬁaﬁ@}t hsrRSEienh B ERtion. To ik qgep ate, he
ahe§ple%5n tbe it lp%/a%a &ha{et)ﬁast BeEtid RN IP IR EirgvES ﬁ%ﬁl the hot
Is an il lustration show ng the hinged version of the
eltradb 09 Alse) mpﬁm epent etate, rtheidob retkxtrode vii0Ghcamnbe accessed for

enbodi ment o resent ntion n th
reRlacaraEnt  Alsoag el VERip tﬂeaérweﬁmis BRI REKFGHO! between
=y 0
I
30dain definedt e pewitlef  unifeymh ateetrimat coresiion bétevehn tigedpper chamber
version of the chanmber utilizes an RF gasket 301

Popr @i eRE th aver Ghamber PrdieR; \0AB 1eRIc g ntige pexefiery of the
chﬁiﬁBQP ?{) Qsoum Qm]:(ﬁllﬁea m?fog'ﬁ %%nne o?’e%]ua %ng‘sf bi%ﬁﬂ% e entire

provr ormelectric tion etvveent
petiphéy of hlegEleimber at the interface between the upper chamber portion 101A and

the lower chamber portion 101B. The RF gasket 301 is defined to provide an amount of
flexibility to accommodate variations in the interface between the upper and lower
chamber portions 101A/101B, thereby ensuring full electrical contact between the upper
and lower chamber portions 101A/101B around the periphery of the chamber.



10

15

20

25

30

portion 101A and the | ower chanber portion 101B around
the entire periphery of the chanber, so as to ensure
w0 baw/0#8suhi f or m ground potential exists aroundP@rEs2008/011319
entire periphery of the chanber at the interface
bet ween the upper chanber padti on 101A and the | ower
chanber portion 101B. The RF gasket 301 is defined to
[0MﬁW1€t§e afn 3501 1uSfratidne ﬁ&&lh%tay cloSe ATERTPIA R (ahamber 101C
variatrions in the interface tween t he upper an
halimgean atmbelnopéf)i | onscdofdafte @i andthereblylbedlmmt n@ the present
. full ectrical act bhet the up and
m\‘flﬁ‘&ﬁBeJF ‘ba?qeﬁ%ﬂgorl Inss @fﬁleﬁetsﬂmrwegéq%ﬁ%% 9h%?b°crrﬂé>lc to
eanF\ Rc@ﬁ%ﬂhreﬁ' QHE At}‘?;i e@TOf(IJE lﬁ&trﬁéﬁ? R i B\ B the of
ose Version o er 101 aV|ng an access
thelpart 1 #Ddnd fon changingithehet elettroderi@hEiguend® i amitiustedtionfshowing

present i nv ntlﬁg The access door 401 is defined to
a ghesed digriRIok the %lﬁéerclu% With fog aecrss domn A brempeyedsinagcordance

wﬁmgndtﬂéreefrﬁﬁyfdnﬁg Jgﬁhg 1n\|/eﬁ%nfﬁr %oﬁg% B&m?é?ﬁjs the access

retrieva part and for c ngln

dobo#0elcer be adeurtd o tid anebeéBOﬂG iar nimhbiat ¢fawvhgn such as through
showi ng a closed version of the chanmber 1O C with the
fastences ot elawps-4b thowddnbs aapreritede Bewensncibatwesprdiass ohthe technique

usgcgg)o% nen[’lg ?E%eﬁi‘ﬁo&rﬁﬁ ‘?BEhé Ehagh f¥ 01c | e YBLdsO ddor, 401 should be

€ access door be secure

se@tedrbe s loQ@stablish a stbsidItiallg unifeys grdiltiﬂ Ibotehtiaiediredh the interface
fasteners or cla n&e It should be appreciated,
of hegogess dopr 41 anrdy Gh@é‘berolfo £he techni que used to

(08 Hb o RGeS IRE dbhei 108 K WRRCA G porhCat patural

ahﬁb'ﬁﬁ)teﬂatahmrbymut@hfp@faﬁﬁr@ rRHAEioR L IEoW &vr, ﬁf—‘iﬂ&l@é} dnfibdiment, the
interface of the access door 401 and the chanber | QO C

app@er8]100ns ménedrtmgtqwlq a cenfeollgd paw owmentowithia the fcharaber 101

mt%gﬂg P&tevrlslt §02a hal gée%llt %ﬁ{)arépf% ”13)0[1@ ﬁ%n c%ﬁtﬁ@?edaetn%r%nment
caRRRGLA H%oﬁ@@llécﬁatﬁﬁfshlﬂ&é‘ ah@ tehpethilee dithaiHeOdHaBber 101 interior
‘envi ronment within the chanber 101 interior cavity 102

cawlily i 193. dperrgt ewhodifent ethapz;tmoamhesmwdlmm ueh ras| gasdcontent,

QS RE PECSSIEn P ) 410 (ETREBI P AR PRGPORE i ipterior cavity
10202 - cohBoREE 16 TRAMNTRIN enfullfle %ﬁﬂ@sﬂ%@ﬁé 'cSn&iﬁBﬂsl Ehd) 'ﬂe?npe)rature to

(such as gas content,” noisture |evel, pressure,
whecld theemre il &t wviB bei evdppsr:dt hmngfmma;ronlmthc rplasmapprocessingysystem

Wil v RicBiBe et § BhyRHabeiep Lyedn chou: B cpprePmcchiat in this
enffodfiaRs gd tﬂHBér”Qf %% ﬁﬂdtga{rhdosuﬁfh@ pBhasR By Qfs‘§§§édn9/1thm the

systemvvlt In whic wi 'l be depl oyed.
chainberl H0beo apps enatdt suppli and iremo Vel oferabiods glmtn,lxtares to/from the

el o s e L ST Shocimen
a LB f Qpp¥ATdy Qs 3R v pibibES 18 Ud hAbLEF gas mput and output
ports. These support systems can include gas supply systems, pressurization systems,
vacuum systems, gas heating and/or cooling systems, etc., as necessary to establish the
appropriate controlled atmospheric conditions and temperature with the chamber 101
interior cavity 102.

Determining Capacitance and Dielectric Constant of Part
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chanber 101 interior cavity 102. Also, it should be
appreciated that in this enbodi nent a nunber of
WG appoigsS1syst ens can be plunbed to the nunber PET/YSR08/011319
i nput and output ports. These support systens can
i ncl ude gas supply systens, ¥ essurization systens,
vacuum systens, gas heating and/or cool i ng systens,
r
0889 PG5S0 ek Skl Lap 8RR SRALE) e et e
109/RF ciodnidé3 élr@lltlnmtgmurmledcuppetyel&@ibdeDéOﬂchambanglOl when the

exEngHAE PErI g liﬁ%q?pgéd?&&{vk%h BPER FisE ool B edrot electrode
ldgfg}'jﬁ cfia!‘l}g%g?ﬁl (ﬁ'}ect ' o e Q%{tﬁﬂzﬁ_{) eglt}%;‘erﬁi}q AB §hown in Figure

6, el cgpaaitancp dbetwekh the uppedlelﬂotredaﬂlmﬁemm&m Holn eleumsxifr 109 is defined
el ectr ode 105 _and %% hot el ectrode 109, in accordance
byathercapaatanne dtrarkAt thsr PArhd 1 praad dhe C?Wétﬁweo%u)@e%*ﬁfsmhe hot

ol 483 BESRREF G DELISEMHISLBREF e somgs reson

betweerc deagdrt ant eantGhardppeotlctitedea0s. Alsd, 2 @pacitanee (CstZ) exists
capaci tance (Cstqm% bet ween t he hot el ectrode 109 and
bW%ﬂ%@PtRFof%l b3 akthg ghamben Kt hostom. 1 shanld be gadesstopd ghat the

ca@? Alarices d@t%%[h %g%@l‘%%ﬁ&ﬁ)ﬂg% Ehé%?%glgﬂ)dqﬁaﬁ&wn between the

a capaclitance exl st

uppet weefodesRndrtaelhdtldectode 1100, Alsa)ihe capditatet (CpH) is d functlon
shoul d be understood that the capacitances (Cst i)
of{the diejeciiicconstant ob the RArt e P%ﬂﬁhswamcst@aw@e(%ax) (Csn) and

(OSSR S BlBALEOHR: 108 ARkitE. e ;Wg'ftggf,agg%een the

e ca anCe ( S a

hdt gecioglt EOD/RE r&‘(DIMSS &ﬁ& thé dimdéwlub drkgladtiode BBCchdfider 101 is
t he capacitances (Cpart) Cst i), and (Cst 2)

definpd es & aumed the ¢a@a<:1taap@scﬁqpathd@sq) antb(Gso), aF skewain Eeuasien 1.

(& Shoa AR I (O e 1 oSt 08¢, 199 ¥ pquaton:
BB R BB S oFA Gl SPEEEALERR IR b v

IGWRF rdd 113 @Ratthe £rduhlidd (ope? debibolie FO5RNAMABerl1d10QBE there is no

Figure 7 1s an ilTustration depicting capacitances
paredispesad ﬂ)htwdenttheeummr etedrod® Y0 Rnd thd hot eleatm«zﬂet H¥, in accordance
ounde | ectrode .105/ chanbey 101
oaarefn iR o thebira YRR A SEE R LUk Jp i fabacitance

bétﬂgo e ¢ F@rcéflé&ﬂ)ge 109 andl thelt(dt AULABEE 109 fsiqqe‘ﬁ\%\iﬁd |b¥1 the capacitance

present 1nvention.
(Gsk ook the dtmdshhere ayithin tieerchamibet W@lemtdrive cayipeAlsd, @s i Bghare 6, the

105 and the hot el ectrode 10 fi ned h
CABRHEPE Hinob e PG REHES bh NG U PATIDeT M batipmbds shoud

o 080 G2 T By s gt o v
sepinatioh alisnaice (YL) hetweam the tupploelectrdiz LK end tigohbtt eﬂed:trode 109.

the capacitances (Cst3) and (Csl2) in Fi ?ure 7 ar
Beqanse ithen sapgcitanges (Csz) and (Cs represent parallel capacnances the total
capacitance (Ciowal without_part) .between the hot electrode 109/RF rod 113 and the
grounded upper electrode 105/chamber 101 is defined as a sum of the capacitances

(Cs3) and (Cyp), as shown in Equation 2.
(C total_without_part ) = (Cstl {Yz}) + (CstZ {Yz}) Equation 2
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separation distance (Y2) between the upper el ectrode
105 and the hot el ectrode 109. Because the

w@e apavissances (Cst3) and (Cst2) represent par aPCBEIS2008/011319
capaci tances, the total capacitance
(Ctotai _w thout _part) betwedqs the hot el ectrode 109/ RF
rod 113 and the grounded upper el ectrode 105/ chanber

0l e SRR, o AU WS LB (48 o o
the @} 111 pGSilidngdvit} 3 skbgiaitiatip c2htefkdIhahmertonetop of the hot electrode
configuration of Figure 6, with the upﬁ]fesr el ectrode

1090#he; ¥aniatl capacitop 1P et bpadjusiers 1 3ehieye Repatfiguigr resonance
apt iual | [ r
fregp‘%gb&r%gﬁlgﬁﬁ?ﬂé%@?iﬁﬁgcg%%gﬁp mffg&gaﬁpgheepm 11 are
freqdentytdegeidengihony emdodiatent, thid msonanse fiequancl o€ theeappyratus 100
of the apparatus 100. Because dielectric properties of

is sqh g0 fhgroperating Sreguency @ dicRt aeperhianis to pp ussdan the plasma process

dj .11t he: qf '
o SR LR 113U SRRV IUTBE ot D BRARS At v
Thubathei apparanizel 00ss&doiding ke thel emfiguiation e Figarevdingth thbgart 111
part 11 1 will be exposed when depl oyed in the plasm

preseniciadhe ﬁgﬁfrr_sqﬁstl Bhwilthaee a paEcyapiesenanse frogueRekor di ng
“’@é s‘gﬁt‘ Cf?%“‘t“ﬁ% bﬁﬁ“&%@‘éﬁé‘f 5&%5?%@%5 B@? ?iﬁé %‘i’sz]&’?“l it should be

und&8RBANER the eedsnamde fréqead) oFtHeRF gfotvee Wil dhangdgs the distance
configuration of Figure 7 with the part absent, it

(Y2hbetvecenethanppes elsetdodan 405 ahé the dohglestode 02 dnehanged. In the

the RE power w Ll .chan as th it a Y2 t
cob e Bt 1o RREE b Ts5" ARERE Sl BElREP 125 e
m#ARANRAGt thér tpetivBiseinpati g@;lw‘d ifi tHel cBnflgurhtiéh of Figure 6 with
vari abl e capacitor 123 and signal generator 125 are

therpam t1dil rpedseat in Hei echambspd 01 Vnderehesengpnditiongpibiei upgper glectrode
he configuration.of Figure 6 with th t 111

105 84BR ForhitiRiorons wre Tt Do dEesbf) eaf e dpored toward

the‘i7 H?t HIERRSdee BLiARe LekBnirte! AQuemdyf bﬁﬁh@adpb%n@fldﬁidﬂ:tﬂglging to

w thout the part present) can be | owered towar
thti@onfgwatiorodé Fig@reunhtsubstartially ovatehesc thef resopamae yfraguency of the

th t .100 [ tot ' {i
iR Shititts TP ehiued iRl T Pl o ayeseny
wgén {H%%p@epaeatd& 130 s 3FQEA 1 ehuk® tHeRibstantidl hdtafih® BetHeen the
I gure (wth the part 111 present). Wen the upper

resinante frelguehOiss iof thewenfiglirationsanfskigutes 6s ek 7 atitei akal capacitance
mat chi n et ween t he respnance frequencies of t .
(Contrtagmy 2f FOHGEBHIGH & UL 6E BusTAR Iy (G Ve R thé fofal capacitance
apaci t anc o7t th R & bligh Pah@D cin Bk skt equal
(C(E:?@E‘%‘B%‘ta@nﬁ Jé’?f‘%gﬂwa ent %l%laﬁ rcla’%tqgltaglgﬁg{: apacl fance A
to e&dtpéther astshowh ip&Eqtiticaf3.confi guration 7. In this
si tuat i on tions l.and 2 can b,e set equal to each .
(Gt & s(@hfﬂﬁ?ﬁma YADrFdR wawpCpal t {k part })+ (C1Equation3
M| }_Z_+ (C512 {Ylg) = (C 1-11 01 ) Equation 3
[0033] The right side of Equation 3, (Ciotal_without_part) at the resonance frequency, can be

measured directly by connecting a capacitance meter between the RF rod 113 and the

upper electrode 105, with the RF rod 113 disconnected from the conductor plate 115
and the upper electrode 105 maintained at the vertical elevation corresponding to the
resonance frequency when the part is absent. Also, the capacitance (Cs {Y1}) between

the hot electrode 109 and the portions of the upper electrode 105 outside of the contact
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[0033] The right side of Equation 3,

(Ctotai _w thout _part) at the resonance frequency, can
wheoosesssut ed directly by connecting a capacit aPCEUR®DE011319

between the RF rod 113 and the upper el ectrode 105,

with the RF rod 113 di sconndaqted fromthe conductor

plate 115 and the upper el ectrode 105 mai ntai ned at
ALl YR G5 SRRBON M ik AN e
cag aspaslmuhmezb A(lﬁ‘s,t the {Cdp3citahat (CeHYl hebétoicer lthe RForbd 1139and the

and the portions of the upper e]ectrode 105 out si de of
champer; 4 afaqtﬁoérguanhsemééﬁrapﬁe |F118“H G c3Rgbg [sEYafsdr In one

d
enﬁloﬁﬁ‘fnérﬁ tglejcgﬁ clltg.n 10{1?‘ lg?t an Eﬂ{e%@a dft\;\ﬁ*,;’g?ﬁ a finite
eldnient Rlﬁodeldaﬂal)'z?slsmxf thbeo@fﬁgilhﬁronl@ﬂ. Higirt 060 IWiitli htke capacitances
configuration of Figure 6 can b e sinulated. In one

(Combottivnent , (GtheY Hap a8t red¥ 1 Podinppn ythe o¢apagitance of the part
«ct Ygl%) ?é&oﬁé%’% Ahed Jsrlfx%g_t&x Eqﬁoz#t btf el ement nodel

confl ion ure 6. Wth the
(ngglapgi};ﬁl CES ph S (cs.,{tfhbux(@aa{m}) (Cst! {¥I}). andEquation4

capaci tance of the part

[mm} aQWhdek BRY ui:ﬁmebe GRd Gkt a PaHa{ €l {kgzws h9vdaldulatéed) Ugke | @iBlectric
(Cpan K n})=) gwl {Y'} (Csa {Yl}) Equation 4
copslmmqf tmh paﬂ( )Eap |d@mmedfba§¢deorpﬁ1etcaKM¢d ¢apreitancy of the

t he,di,el e t |c const ant

PaftSamtbyr Bait BBE AEPEH R FEcs Geb i Bhes e Hepaf(Gretes disposed

befdtAGhé aﬂf& eflctrbi€ 1054id hemat Eled kiR 109) is siuRRA for a number of
enbodi nent, the capacitance of the part (Cpart), as

dlﬂi‘erspfoaseutnb@pm aheledine gppstant dkeot vabeks, 1©8s tmenablregénstation of a

L i TEE
il1§stration R8RS, q&rb%ﬂfpla@p AfveagG oY aftf cﬁﬁ&ftarﬁ:@mm‘) aREMs part
(CPart) versus part dielectric constant (kpart

didlegric eosstarg (k) Becaise shd part sipavitange iﬁﬁpaeksrmlllmay funsmm of the
8 of part capacitance rt) versus p rt.dielectri

pa%ﬁe‘e%fﬁle copsyapty(Kyar), t algemcg fﬂ)é ‘tPﬁ‘F{ta‘L"Sé es) SgTsus part dielectric

coﬁg&ﬂr(‘(%a{‘j \%t(liagéﬂe%gf% y%ﬁlfﬁmnef ad MBstPALd byl &&V& BO1 in Figure

consta e curve of part capacitance
8. ((Bae te)nbménmm; t;harstmuilaed)re of thecparbeapheitdnce KBaw) for the himber of
illustrat

engég%g%leg @fglsgtrfg,l éqrr!qtlagh Q(pg—abw%eiﬁtper %ggg tﬁrgSgh a finite

| u
eléﬁ%é?“d: ﬂaﬁ??lé?zﬁ*"@%%tsﬁﬁiégﬁkan Bk REHe gl clefifode 105 and
ho( kleatrdde 1Gf. Hsvevsr, ir nhatheeembdiiment) ifathe igaometriel c@nﬁgﬁratlons of
nodel, anal ysis of the Bart 111 di sposed between th

the,pyed 1 b the uppgielanttods 485 rand the bet ?lsﬁ@dfo’é’ %ﬁbﬁﬁéwnﬂy gimple,

th?ﬁ&rt Igggatcﬁ%%%dd tf(')r tjhz: nh&%elg Hgfe{'éfggg éigéﬁkfa& hf%@t?lcocfonstant

(k;g,lt)e@hlued and}@Q)eadéieﬁm‘ﬁléd cinalticyllys i Uping, thbhgemaertéd curve of part
capaci tance (Cpart) for the nunber of different

capacitgnesd (Gramt veasus| ek diclectisneansiant (Hopdr 2nd) theactuad capapitance of
thegpgggga{ﬁ Dedh ALY Ui ' hatidf 4 NSe o P BRELAHEhrEHY 5 the part

(kpart) can be determined.
[0035] As discussed above, to determine the total capacitance (Ciotal_without_part) at the
resonance frequency, it is necessary to know the relationship between the total

capacitance (Ciotal without part) and the separation distance between the upper electrode
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capaci tance (Cpart) versus part dielectric constant
(kpart) , and the actual capacitance of the part

W@ Bpawiss)7 as cal cul at ed usi ng Equati on 4, the BCT/US1008/011319
di el ectric constant of the part (kpart) can be
determ ned. [0035] As di scugged above, to determ ne
the total capacitance (Ctotai _w thout part) at the

105 e%i‘ﬂ”ﬁi@%ﬁél@&ﬂéﬁgclbﬁ iF{gure® ONRCES AftlsHalich KARMnENE flowchart of a
rel ationship between the total capacitance

mdthddfai calibrdimgt thpaela)ionship bbtevese the adtalocapdcisdren A€ol without part)
et ween the upper el ectrgdelOScFind t.he hot el ectrode

angé@e. SAPREAGICR daptance et ean 1e MBRSTSiecdiodtil Ag 2ad thebirtislgetrode 109,

. . . ¢ o .

in Gpodigdliet ¥ith o8 eBOUMAAL b thel ptEschfiilehBdiE ThRngelRER 901, the

REBgydal Y isatiscdhsdcagic Fomnetheeemivcke plgpdn 5 ehé dtonodry dfher electrical
and the hot electrode 109, in accordance with one

coppssian niithinothe; flectricals EAMPORRRE £PBHNS | 193arn e cREREAN 903, 2
caffpnleifeld i Ancaet ST BRMEP LTI AT WRpBRIGHRET0s. 1

anWdplefiitiontdos, edigg thel caphciaopmeni] the kRapwitagcelibdwednthaRF rod 113
operation 903, a capacitance neter 1s connected )
ang groyrsied tuppeRplestirfle1 10 srmeashecd giderecended oo aumbsr of wertical

ope i 9 i i e
sy g8 B e SRRRIS T TR e 100 one

enfodithédepek@fori S0STEAPeHGthedrts) peitsniag thoupper ruledhode A0S at a
vertical separation distances between the ugper )
nugibst pf verdicalgspyation distanees feera the befelagipde 19 gxtending from 0.05

. odiyrent, .operation i S, Rer A it i oni .

RO R 08B0 2 pS o b HEPeDpBOTL: LPUh0P vericn

seSARAGR distdhclibehddtmethel et lehetrbed 105 elir g ehot Aectrode 109, the
extending fromO0.05 inch to 1.2 inch, in increnents of

uppeinge¢tragie. 105rs maentaiped in & substasiallyievehoriapatal ogigntation so as to
N di st bet t | ect 105
b RORb- RO P S P TRirhe JYBE T ne BB Ry Hetodes an

opERItidh A07efbr i g3nérafind 9t ciphdifhnte chiedteliod @fitvé 0B @e chamber 101 by
orientation so as to b e substantially Earal lel to the

plétting ¢heecapacitrnce Oersus Mertinaltseparation distance hetwggr theawpper electrode
peratjon 907 for. g rating, a aci tance. cal i br.ati
1030708 the gt neleetradrnd DY 1Ging ihe) B icsseied 1ok QREYIGH . The

i fokdtfon! cut P RIrahé ORanihet L1 Can BRtrds@Redly BsddPBetermi
cag é%??eo%agblc% acnd thé hot el ectrode 105)%% ng}ht?ie dateaermlne

theraatali rcapaditancep €Cadiivanu 0D . atTthe rapeanice draspency oheathenertical
curve for the chanber, 101 can be repeatedl used. o
elgyatien Rinibe yRper %ﬂtroesdé)é% Heeresentdes _%"t%ﬁ%yufﬁﬁf%&‘it)the part

pr@sten{ heqdiesanance frequency once the vertical elevation
of ghe upper el ectrode 105 at the resonance frequency

[0036]tFiguie 1tOhie apallistraties eindwing & methed fiorrdetbrmfififg @]capacitance of a

Dotk R RAPTGATSR Q PG S R Bk vention The method of

Fl?’l%’% qidg g%@pr%}eé&%féﬁﬁ%%ﬁ%?gd\ﬂg B8 d&dcribb® alSveS€RE method includes an

venti on.
operation 1001 for placing a part to be measured on the hot electrode 109 within the

chamber 101, and for lowering the upper electrode 105 to rest on top of the part. In one
embodiment, alignment pins are used to enable precise positioning and alignment of the
part on the hot electrode 109. In an operation 1003, the RF signal generator 125 is
operated to transmit RF power to the hot electrode 109. In an operation 1005, the

variable capacitor 123 is adjusted to achieve the resonance frequency, i.e., peak
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Figure 10 is a representation the procedure as
descri bed above. The nethod includes an operation 1001
WO 200904887 ng a part to be measured on the hot BRCBUS20081€11319
109 within the chanber 101, and for |owering the upper
el ectrode 105 to rest on topl%f the part. In one
enbodi nent, alignnent pins are used to enable precise
[ r
g oy R R B fep Rt L eliingy coresponds
togepeskatgain b&wees tb@&pﬂlﬁ@ﬁbrt 2% ashshe moﬁrecpmv\k?rl b thdrelectrical
hot el ect rode ?)89150‘}1 eratlo 005, t gﬁarlgle .
co&pﬁaglil@ uilggl {fse(né elgc the vofimefer 42 € monitored
to iA&GHIEE Wh¥n tHe @nabﬂ%bﬁ&ﬁg YE86, 1n%£oﬁ&§o§i:s tBWEpeak! dAin between
one enbodi ment esonance qgquency corresponds to
tha cpmwlctogailw bed Wk rantl berelpnemodsponds26 thacesoimnce frequency of the
connect 131 of the electrical conponents housing
appergtuspf;0 th| s enbodi ment, the RF voltneter 127 can b e
[00®f) T fflticd hufer kﬁdud@%ﬂ § ?zkt%?xr | G forctﬁﬂﬁ’ﬁ% L8 thtRF signal
setting corresponds to al n between 1he
geheratoa Cit26r andlidthoxing thalpartafﬂdntthe rchkmberom as ppadsdon d 009 ethe RF

resonance frequency of the apparatus 100. 40037 The
signal BeRFTAIQF 4 H2FS IRFEitedinstransmBpRF ROWSH o g h 6¥ecw¢%w?gwnh the

ol e S RORZIR) Aol AL TSN AIGCR e seing

degigrical i@ropt2itioh 9 009 ehainaspetavioh 1@ $ 1ihe uBﬁelpcﬂmfodb a0k helowered
hot electrode 109 with the part absent, hi th

ungib dhenrasepanco dequensy detpmunedincappiatiannl 005 5 @Céneved with the part

B AR, 1 DR A5 AR oy when e

uppér ¢leveddedl 05rdléatibl @alses tHeaak chintipueeshythe eb@iddiore 129 fnd 131
operation 1005 is achieved with the part absent, hi

to Mée@hﬁédandethﬁreby gauses theotesonanes freguenex o be acheyad: dine yertical

schialiE Aoty Ao e WBBEY olBt i RSk the it (ke 109 at the

redonhnéed ﬁ%q@er{c?aﬁﬁl?fdhe pad abbeit 65 al&l 8RSrdsbifant ApPHABIEErode 105
frequency to be achieved. The vertical separation

separgtiglhce bet ween the upper el ectrode 105 and the hot

(oG0S Gezporint piider; SEGRER 105 FERAEPL 15 HlbBnipgd, &7 bberation
1098R8 Rk ARed (838D aR b8 hpaoRAN (Cpp W““°“(f Log ! g{éeresonance

105 Separation is determ ned, an operatl
frgmehayr th tcxm tliletresqmmeuppve elewtrade daﬁ) aepatramme In one embodiment,

Ct ot ai a t the re efre ased
thé, e s RO e Brabf ChUBOROR s G HeanFEA thyfhe gfidhod of
[ t curve
FIgRR ATt ¢ QEcEARRTNL 206P cARLAe (. m#wﬁmu?‘éﬂfef*%m“
freqnennsad dperaﬂenelom ne the total capacitance

Ct ot ai V\/lthout ﬁart at the resopance frequencyf
[0 r Eh§ apethed Sfurther ificludes an operation 1015 for simu atmg both the

capacitance (Cq;{Y1}) between the hot electrode 109 and the portions of the upper

electrode 105 outside of the contact region between the part 111 and the upper electrode
105, and the capacitance (Cs2{Y1}) between the RF rod 113 and the chamber 101
bottom. As previously mentioned, in one embodiment, the capacitances (Cs; {Y1}) and
(Cs2{Y1}) can be simulated through a finite element model analysis. An operation 1017

is then performed to calculate the capacitance of the part (Cpax) as being equal to the
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[0039] The nethod further includes an operation 1015
for sinmulating both the capacitance (Cst i {VYl})
wheineessit he hot el ectrode 109 and the porti onBCDiS100€011319
upper el ectrode 105 outside of the contact region
between the part 111 and thegupper el ectrode 105, and
t he capacitance (Cst2{Yl}) between the RF rod 113 and
clO1l bott [ |
o v R st i A P o T rRGE tng Bpacitances
(C(tgsrtm ¥hg Qngaﬁlb)slmhm&daheme bperatighl G5 i nite el ement
anal operation 1017 is then Eerfor med t

[0%91 cﬁig%rﬁé Tiipan éaﬁgen%#wﬂaz afioavehartof @cpeined for<detraming aing the

S ST T8 SRR LB o e
inv¥entiby! n aﬂ@e{aﬁ&hﬂl{)‘ﬂ e edpatikaaice cbfi the tpagt (@) as isilulated and

1015. [0040] g@;e 11 is an illustrati on show n&r
re«fqr@wcfvaratnumbeao sHegd part diddearigconsignti(kerayadiescln greoperation

119313 t écutgflc { O?r Qsaﬁ}eléc@ 6rlstant I<:rﬁr\5aec %}35}9' A0 Gfre ‘é’k&:? R%own in
enbo Re present ‘T nventi N an opera PSn

Fidik@ 3B, 1sI Q@efawﬁfdrtﬂa@pm Bhsedlvm mars.tmlﬁlﬁxearda)a erde;mdt@held 01. In
and recorded for a nunber of assumed part dielectric

anapsEtignt] 1 ORyphe capagipnaesverqus digleciiie canstat cumg S operation 1103 is

us?cﬁ gac(i?gance }Sll}e]r %f‘ecg’lc’:n:g&s'ignt t%n S};agggl%pa{i tégt% cgr?%sﬁor%;s to the

rgure ,

F@iﬁan&?&ﬁﬂe part (O, sm'étea:hﬁféddﬂtm If’létﬁml ePBigakd o 1101.
an operatl on 1105, the capacitance versus

5110 angenhof Partir ve of operation 1103 is used to

OB B LA Pl P
lodsGRAgn} 09§ patelif Bt di8shde Withéhd@hblimeht &1 tHe pRsdifl -invention. The

Det €f m ni ng Loss Tangent of Part [0041] Figure 12 is
method liheladesasn epestiom W@lafofrlldmhgrat paift ta bemiraguredron the hot

e T TR RV BRI 05 o s
onrrf%'i)h&tdthe?S‘a!lljtu qjgsanaébe%%aﬁ(f?n tHe?RE Jl@'ial ?eﬁ&‘aﬂ)@ 1@5pi§r6perated to

on t he hot el ectrode W thin
tranismittRIF pd@ér toahelhbtosledtmde rloagmdneapcmwn 1208 cthe (vdealﬂ@ §apacitor
rest o of the part. In an operatio 203
12I3{Flss?dg‘1"§é?‘{1 AShisye e pesoRance, SEsauensys {6 the %lef#sﬁv OF the RF

Py Lhet F\'ﬁb&ﬁﬁleﬁ %Ef&g%a&@@ frequ ePREFbhAY t&%@%gak gain

e vari abl'e capacrtor 1 IS ad] d to achieve t
bet\eeamntae eenifigcans d28yandi13é.of thre allecmlcelqmmrmnentsfhcmkﬁag RPO3. In this
power. In one enbodi nent, B&resona ce fre

en&ﬂdﬂf@gfﬁoﬁl?stfoV%l%eéS‘k la&Cﬁn Reayiore etodGﬁ‘ngfg’ ?é‘ fhegvariable

Bt 1S RS PO PRIERAFEL AR Qs 19 151,

andahertlpy esirdspondian thef igsortaace ﬁéqnenay ofthk appapiasiloor 123
setting corresponds to the peak i n, bet ween t he
[0043InEea method zontipies vath am aperatien g?tﬁ/ 7 wovhieh thinBE signaj generator

125583 oc%%{}gﬁec{ {oeWee%C%e q{'eqﬁlh& ASPRE 5}{}5"5090910 over a range bounding the

resonance frequency achieved in operation 1205, while using the RF voltmeter 127 to

measure and record the gain of the apparatus 100 between the connections 129 and 131
at a number of frequencies within the frequency sweep range. In one embodiment, the
frequency range covered by the frequency sweep of operation 1207 is defined to include
a 3 dB variation in gain of the apparatus 100 on each side of the peak gain

corresponding to the resonance frequency. The method further includes an operation
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[0042] The nethod continues with an operation 1207 in
whi ch the RF signal generator 125 is controlled to
waenmep4sshe frequency of the RF power over a raPgBEUS2008/011319
boundi ng t he resonance frequency achi eved in operation
1205, while using the RF vol2lneter 127 to neasure and
record the gain of the apparatus 100 between the
12@9%??&'&1@‘% rhéfemafical Hhoddl oF tAHMRARI offhd 5&%&'&991@@ to the gain
w thin the frequency sweep range. |In one enbodi men
vetsue fileqeepeg data mmgx-:edanwpcnatiomymh evhieren, tlwnﬁiymgnéeperaﬁon 1209

operation 1207 is defined to | ude a 3 vayiation )

PrPRAGaR able (RAnS Sl SARAG eS8 olribe Jeerarael 00y Vich b a therein
in cokr t r c

(CRERn g R REOALOTof fhe 6 TEHARANCET IHSORHRRRY 100 Stk the par

theramh(eﬂmﬁ vl mdthel fittihg tdfeopgedationof200hes fupthar desesibéd®etow with

th Jn versus fr ency data measured in operation
re&ﬁ%*?o E‘r’rsé-”hl“tﬂ’éif‘ﬁ{af‘% -of operation 1209 provi des a
r {khe tqtal t f dhe t
o0 gl 5! Ao GARAh ! RS L SAPANE Ul i

representdtiont m)alofltl&samiamtael@ﬂ wﬁthahapmrlal uaspﬂ:&@l dtivbert the upper
part therein (Rtotai with part)- The fitting of

elqsgefl%ulpéﬁnﬂ eie§trf>9<f 1A%y Sd‘é"sl’é“rt?‘bé‘ti Figare s morc&agafra ¢vith one
erﬁb%dﬁ{w%g o Fhe predeht ﬁg%ﬁ&#%& h8e P31d Q'[Aégé?rﬁis%' e {o%nh&or 129 of

an | stration show n U|vale ect

the Electichl ¢comppRARiuEIn 11)301& rm‘detlbes appasppinds tolﬂﬁ wnhéctor 131
the part. 1 1 1 disposed between the upper electro
of 1ths glsetrigak cempen%ﬂ dopsipg 3@3.q&he cREdvqlﬁnﬁpg Ued 10nneﬁted to

cogﬁecc% ?qag %nw 1t35] d? 9%??’&%5@%n é §tapl fth@ %ﬁ@e{ratus 100 as defined

I nventi on correspo nect or

byli¥Q,/0f,|.t Wethedegart rtb Fa gure ARl editi Salext Udédiical @ercuift 1300 éncludes a
1315 corresponds to the connector 131 of the

capyclened €@l iﬂ%pm&mtmgamﬂ aepacter 1Theamandustanget@p 1303 and

re%ét uce r@ﬁg?%\&d relpﬁes nnetglgapp Fictor 3&2”%6%? gtancfg;@E?g&‘ﬁrepresentmg

thé VoRalt dapdhditahee ¥Y the ap ?ﬁh@hﬁ 100 Elr@wtﬁlcé (R&h e3@tqtepye@bﬁmg the total
electrical circuit 1300 includes a capaci tance

Cs)
resigancer efpthe spparaing 109 andhpgrounsk patemtial 4311 nHisbowlddee ynderstood

3 and. 305

e g € TR0 rebfoskie 10 Gy Bt b8 Satabtnrg 12 and 123

thé % c1tﬁﬁ'&aﬁéﬁ@€§ qhOfRHt h6d anBALREIErd89 109 Jn@sékﬁihﬂféﬁqmmpper
(Rx 09 representing the total resistance of the

elertrode étt)i;,sanﬂ@h)q caamdltalcg pbthegapotldnf prgent31 1. It shoul d

(ofad o 5 rdinis i vk L RO FPRAFBIC LAy B dhetipn of ghpclectical

I t
colpenets DB AR e R0 Rl 1941 Pawation 5, ()

is theefrerprency oﬁthcéllbpowttecqnmsportﬂlmg tb thé gpine §enis .thg @dal4ppacitance

offamaegnus 1O aad Bt edalel ESisHHGRL BeaPoRFRSIAG: I Equation 5
th%guat | Oeﬁygcs? %]%} R))GaL kﬁé\ifﬁ‘ lﬁ‘&n &é@@ec@tﬁca’fb&ﬂfa@neﬁ% in'tHe electrical

components housing 103. Therefore, in Equation 5, the parameters (C) and (Rx)

represent the unknown parameters.
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is the frequency of the RF power corresponding to the
gain, (C is the total capacitance of the apparatus
wao®o/o#st? (Rx) is the total resistance of the BEPHR2DRI611319
100. In Equation 5, the paranmeters (Cs) (L), (RL) are
known fromthe electrical c@gponents in the electrical
conponents housing 103. Therefore, in Equation 5, the
pargneters (C) and (Rx) represent the unknown
pargdneters.Gin =1 2iC p+2Cs/ p2id p+ 2/i pL
+ RIL R, 2/i pL + RL R Equation 5 [0045] In the
operjati on 1209, Equation 5 is fit to the gain versus
fredquency data neasured in operation 1207 with the
GEaM . ’ . :
val uge for the total capacitance of }he apparatus 100
wthithe part therein, ire., (CO=(Cftotai wth _part) 1 J

and |p—vatug—frfor—thetotat Tesrstanck26€ fiht +to—
100 [hi & -hB pair(tftrhe{—e{—nl—i—.—e.-l-,jl:i o 14 PTRL PR R,
i 11 ystration showi ng ah1&ker®LarBxfitting of Equation

5 in accordance with operation 1209, based on gain

versus frequency data neasured and recorded in the .
frequency sweep of operation 1207. In one enbodi nent Equation5

ltivariate r ession technique |.s used to fijt
(o845 An bR opefaionn LAE Kapaian ot ePs e BRBCYReRsy Meency data
mdaSu2f @Eél‘gﬁo&g@@? with$Re prf Rfé@&tqmbﬂﬁfﬂms £00, thereby yielding
confidente Interval for each of the unknown paraneters
a (élue afod th&utdtal sapatifaneet ©ff thy appaamsChO0 ovith thd paitotherein, i.e.,

0046] The nethod, of Figure 12 continyes with .
(Cof&rant v 204 # Valite for, i (! Fsistange ogglesquﬁrgfusalrbo with the part

er. at and re [ tihe
RS R P ISR LR R R e
fittipg bAEquation X ihacssidandeRvitlovgaratian 1209, haded ®nemain vatsusifd@uency
with the part absent. In t&gq operation 1213, the
daipg measired cijsh dptosded 3B the Hiegueney FFCR Ok RRCTaHPR | 17)7- In one

e 8 PRI RO Rstlad s I8 oL B FhEHRn, 2 1o e
médserpdendy veste firqoadyi datojreopdration 1208 Akoamhomy enibodiment, a
with the part absent, hi one enbodinent, th

RF . .
copfiflencetiterviad forgachif the wnkenver Pegmetss (£ 9“@@%1‘1) istfstimated by

I 105 el evation causes the peak gain
Mgﬁét?\(j\deaéﬁ SF rgﬁéfaggﬁ'nect ors

[0046] The method of Figure 12 continues with an operation 1211 for turning off the

RF signal generator 125 and removing the part from the chamber. In an operation 1213,
the RF signal generator 125 is operated to transmit RF power to the hot electrode 109
with the part absent. In the operation 1213, the variable capacitor 123 is maintained at
the setting determined in operation 1205. In an operation 1215, the upper electrode 105
is lowered until the resonance frequency determined in operation 1205 is achieved with
the part absent. In one embodiment, the RF voltmeter 127 can be monitored to identify
when the upper electrode 105 elevation causes the peak gain between the connectors
129 and 131 to be reached, and thereby causes the resonance frequency to be achieved.
As previously mentioned, the vertical separation distance between the upper electrode
105 and the hot electrode 109 at the resonance frequency with the part absent is called

the resonant upper electrode 105 separation.
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129 and 131 to be reached, and thereby causes the
resonance frequency to be achieved. As previously
woreowwiogssed, the vertical separation di stance bRCTHES2008/011319
t he upper el ectrode 105 and the hot el ectrode 109 at
the resonance frequency w tip3the part absent is called
t he resonant upper el ectrode 105 separation.[0047] The
(O S SPHbl Cnus WP RGAR B 7R bl TRF BjPgencrator
126ris goancledofo $weepRhe [freqaencyveft tha REapgeebowstdi ragge beundmg the
resonance frequency .achieved in operatlon 1215,

fe*i%‘% frequeney gellieyadtiaropeatiopd 2igawhile uging the B&\ﬁpltr#éer 127 to
{é&f%f rE%B‘?d WPE; ffi‘toi"ﬁ} ]@gaﬁﬁis"‘ﬁ)%e‘ﬁb@ nﬁtﬂ@ @?ﬁﬁécagﬁs 1%%and 131

a nu equenci es Wt
at farrﬁmm oY firyeaitigsanigein the fregeeneiBadepredtige. Inhéne embodlment the
frequency range covered by the frequency sweep
fregyencytrapge aovered;by the fieguency sWeer piRReration 1@87\}%1F1¢f3’ﬁddﬁ include
a 3N gBALR ot (ﬁ%PrP %ffaﬁ]t%s e&p attas! 1%09 sLLf QEe té}f}h&e Bkak gain
galn corr espon resonance re uency

coffepvadinigUtot the Tre!;d]ﬁhw &8q@hcP PR etibdl ﬂﬂ'ﬂlef Q{Eclﬁddstdnnéperatlon
a mat hemati cal nodel of the gain of the apparatus 100,

12|19efor fijng aahematiead madel gftha gatsy afithe Apragaan ¢0,d#t, £quation 5,
agelﬁlra revdrsluge e@pelénactgl cﬁl?a 1?1‘1(2?%s7utr%d-r1hnte ooéelr%lt} | ”92 lgf ng ?rtt%g | 0{1 ?]%eratlon

S ue capa0|ta
123P PstbAides almuwﬁﬂﬂtﬁeh@tﬂaéabaa&%e@tof the f:‘appax@l@s_(@ with the part
totai _w thout_part) and a value for the total

abpend k¢ afOF(Chuvheuappasnd asvammfomthm tatplerepistance pk et apparatus
Rt ot ai, w.t part revi Qus nment i gned
100 sl RRERBA drp g Be R HEBAeA F fuiariate
re&Q4kdd QethRidue Edie bEeRRH! ®d fig BB dhakieh S31%0 f the eNuvedd@hid versus
I'n operation 1219. Also, in one enbodinent, a
freguemidydate én operatiomll2iQrAlsacin arfe leeodmknbmogaﬁdmtletesval for

capb bt 87 ek bateranto ALK P amegy AT BR CbloBingition

[OG@é]OPﬁeaﬁlbﬁgdtd&ﬁuﬁ@e%' &&@Bﬁ% efanbheimrfbr tatedhding ﬁﬁsr%@istance of

on'the total resistance of t e apparatus 100 with
thppatt (Rha) based (dﬁt lrhb dotalvrasistanae ©of tlasapparatusyil 0@ svithnthe part therein

(Rg,gg,:agta;,ﬁ, Efrwn% (jlfl}?gg]a‘gg{l ?g%fggﬁlfisﬂtleatrc])ct:% res1stztn|1%e of the apparatus
100°0Rh2ihe barhg %?d;t/’ oy Sl h8) Hs@lletbn P Gh 8 e%o#ri 9. More

More spe e resistance of the part a
spedifidatye tha reﬁskanl& ofgh&para(R,Q¢) i6 detedmined uding Ethaﬁ'on 6.
tlot al _w tlhoutj art R{ total _with_part

= - =
Rpan R total_without_part R total_with_part
Equation 6
R _ (R total_with_part XR total_without_part )
part R -R

total_with_part total_without_part

[0049]) The method then includes an operation 1223 for calculating the loss tangent of
the part based on the resistance of the part (Rpan), as determined in operation 1221, the
capacitance of the part (Cpan), as determined in the method of Figure 10, and the
resonance frequency, i.e., peak frequency, corresponding to operations 1205 and 1215.

More specifically, the loss tangent of the part is determined using Equation 7.
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Equation 6 p _ V. Rtotal with_part YL R
total _wi thout part)/ part ~~ ~Rtotal with parl R

WO 21094048511 hout j art [ 0049] The net hod t hen i ncl BCBEES2008/011319
operation 1223 for calculating the | oss tangent of the
part based on the resistanceqof the part (Rpan), as
determ ned in operation 1221, the capacitance of the
part (Cpart) as determned;in the nethod of Figure 10,

Loan@angeat DQEMWF%W frequency, Equation?7
correspondi ng t\GCOPEANEE I GASCEY DS raNttred 215, More
ally, the |oss tapgent of th

(0 egafﬁéqﬁ%tltﬁsf%@g%ﬁaa& shoRIdiog arygeciaiag o toa Lnsngf%tusleQ and the

as gfé?egli Hl@th%ﬁg @%ﬁ%nﬂi & f5)UAN %#gzzjfr&ﬁﬁe%f héa%hgrﬁéﬁ] of the
ased on the ‘fdéregoing,” it shou appreci ated that

dididveriappapeatiessofl Acuanfhlltdize pasoto dt edbphmetiadsa pkismar precessing
5B, 9, 10, 11, and _12) provide fo asurenent of the

sysieray Alspr the appaspws 1A ang assqgiatsdmetheds rpyide Jarmeasugepsat of the

A TGO Ay A e o v
theTpagUWEITERY eRpodededaliiny glisimac ppoceising i aperavionpaFtughaimore, the

the actual operating frequency of the RF power to i )
app#ipies 100k apdrassegiated gretbedo PEQVidR: fPh gngasuismgnt of the dielectric

r SSd rat. : .1 .
prdfe G T s e b e StSSREATEaidd ARARRREHRuTb which
thelipalte Gtin i be RpORAt HesSn® plaaid provestdig sipetdtiohed Additionally, the

at nospheric conditions and tenperatures to which the

appaiptus WO jang asseristeganethiogs hiye peer demensyateddp pgovide a loss tangent

ti ons.  Addi ti onal
mR et Rea Al bR degahd ey BRI IS 0 205
(00313 In t GHROGNHBodIRRAY tRERN edhied Pedpitidsi dfy tHeaflRgze par dRteimined

deviation of |ess than 1.24E-5. q[1_0051] I n one
threnplo diserefitthe mhpardiue| 186: such py sedielesticogonsipat valug -agidzthe loss

tarPg%rrltt vﬁ%,ecrarrlﬁbgeagtached to the full-size part. In one embodiment, the determined
dielectric constant and loss tangent values are embossed on the full-size part. For
example, Figure 5A shows an example of dielectric constant and loss tangent values
embossed on the part 111A. In another embodiment, a tag is affixed to the full-size part
to display the determined dielectric constant and loss tangent values. Additionally, the
determined dielectric constant and loss tangent values of the full-size part can be stored
on a computer readable medium, which can be supplied in conjunction with the full-size
part.

[0052] With the above embodiments in mind, it should be understood that the invention
can employ various computer-implemented operations involving data stored in
computer systems. These operations are those requiring physical manipulation of
physical quantities. Usually, though not necessarily, these quantities take the form of
electrical or magnetic signals capable of being stored, transferred, combined, compared
and otherwise manipulated. Further, the manipulations performed are often referred to
in terms such as producing, identifying, determining, or comparing. Any of the
operations described herein may be directed, controlled, or performed by a computer

system. The computer system can be specially constructed for the required purpose, or
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t hrough use of the apparatus 100, such as the
dielectric constant value and the | oss tangent val ue,
W@ 20090e8581 t ached to the full-size part hi one PCT/US2008/011319
enbodi nent, the determ ned dielectric constant and
| oss tangent values are enbassed on the full-size
part. For exanple, Fi gure 5A shows an exanpl e of
st.an sed:
thgI i pag)(s ail?_léAﬁ F% ai‘a% %rgg&:em)m ﬂ’eygs%leggbag £divated or
coaﬁguned dbytao:ohhmtefrlplmgramsmrpdmt tht contpafer.ay th e
determ ned dielectric con %@pt and | pss, tan
[0033] uféscom%ﬁrmre&ram ¢an b defipeddprontgl amd mopi PT &he apparatus 100
SRR Bt A 3R Widech BB or o
abteutﬂtmg theChppBra@@nj 000 Stietoa coinplitet Peogdrathlcasibealefined to provide a
[0052] Wth the above enmbodinments in mnd, it should )
grarhiea) geersintsstace (GbDr ier enabling ) user @a@pngﬁbtwppaﬁanmﬂ&& monitor
t t Ly d
a PP 6ot eegﬁ’ﬂs egﬁ{‘ 1%_6 E}ﬁ&b AYdle rh%gwé’ao by tHe ?ﬁ%@gﬁ& AR control

In COfT'pU ese oper fons-are

calclhtiohk rt@sﬁ%ﬁhﬁ&dafﬁﬁb@%@%%e(ﬁppﬁfhw t@d, and view and record
quantities. Lbuahw% t hough not necessarlly, t hese

daéfumwht& gansratedkiir qpsfa#pepf thecapppgagus| 109y degm@mnuter program
l e f
e 0Bt GOl P S50 o K APRACE gl pogom. The

co&ﬁiﬁuéf&eadwleaxhbamﬁa i@%&@atﬁwﬂo@g@d@flé@maf edrestorAat g wmch can be
terns such as producing, identifying, determ ning,

th@l@ﬁﬁwl’m@ad Rotys e DAt FSHEplee of Hicammiaraeniably medium

o b RIS s B B RS R OB o e

méMBEL FCOIFRIMsOICTH RS, CISIRIW & dmBgHcbie SRpesO bhd i NaPHcal and non-
syst'em can be’ a gener al - pur pose conputer selectively

opdictl deda stdrage devinés. gured by a conputer program st ored

| be. .
T -
F’&:’izﬁbd fifat BRLE siALd Hlntﬁe 28 P6h adRAthghE Bré&@@nﬁg Ish&Gfi¢aMdns and

electric properties of a part utilizingt
staxgpwg dheiirawings Suuhll‘urahz@ natives aficxatjopsn axhimdns gefrmytatgons and

I T TR
al?eﬁﬁfo?lts eacﬁfltl&ﬁe Et%dés gfr@ggPNhﬁﬁ{sd&t ARG AK & tﬁ)é spmt and

e appar at us contr cul ati ons based on th
sodpéafﬂnethanednby t he apparatus 100, and vi ew and
record dat alres s generated through operation of the
appar attfet 106/ ‘” ' a conmputer program can be enbodi ed

as conputer readable code on a conputer readable
medi um The conputer readable nmediumis any data
storage device that can store data, which can be
thereafter be read by a conputer system Exanples of
t he computer readabl e nmedi uminclude hard drives,
network attached storage (NAS), read-only nenory,
random access
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menory, CD-ROMs, CD-Rs, CD-RW, magnetic tapes and
ot her optical and nonoptical data storage devices.
WO 0®34385vthi | e this invention has been descri beRICT/HS2008/011319
terms of several enbodinents, it will be appreciated
that those skilled in the ary¢ upon reading the
precedi ng specifications and studyi ng the draw ngs

wi Il realize various alter g g additions,
per nut ati ons and equivalenr§4§%%Teof. Therefore, it is

i ntended fh t resent .1 ny. ion _incl.ud l1 such.
it arat i s el R TR B P SR goBifrine

1 ons, S,

as falchambéhifeimidde fiohi!@anS RiekiricaBy doond@areveOimdiieal, the chamber
invention. What is clainmed is: CLAIMS 1. An apparatus

elgcinicably gonmeactay tdiacgrewnd paterfiabiperti es of parts,

conprising., a,chanmber, forned from.anp el ectricall .
condubp! SRERBICAREPRY, onchnsafaLf Befrdridy pfftadon within the

che@baesi®shysRaly S6puiated BOhe Hel chlamber, 1 hét @&dtfoddFormed from an
di sposed i'n a substantially horizontal orientation

elegtridally cohduativamiraterial ragd phsledioglaltgp senfancatedined tmsupphs a part to
b chanber,, the hot electrode formed froman electrically
eBHINEE ve material and including a top surface

def !%@idﬁ%q%&@‘(ﬂ:; FaRdhiksib® rdiPcdiBa&ed €5la bbttom surface of the hot
radi of requency (RF) transm ssion rod connected to a

eldztriotienths RE tremsnuifsiomeoch dispesedaoraxtknd frém the bottom surface of the
transm ssion rod di sposed t xt en romthe botitom .

ok, (00 el HorOPERBEL 0B LU A4 HE ERIGENT i B physically

sepRhie@Trdth thd ehamTDBE RN HaleniPhdS L&l heaaB 3{@%&9& RE 8BWer to

e chanber, the RF transm ssion rod define
th¢ hetredenttodRFandower to the hot el ectrode; and an upper

, glr ?gg{lggg%é %iq?ﬁgiqeaisipaqgﬁciﬁum ?trz]itg%%lyle\hlqupﬂ?g)rrlif?it%rgegtlation within the
chg{'ngg{ {a? thd ot gfé‘éﬁo@é, ShE N Biper feﬁ%’cﬁ@e f6RMRE rom an electrically

call'y conductive material and electrically
coadwnivet mdtetial tahed eddvanidadly, cdninectep perthe | chamberg ehel efppere dlectrode
to be nmovable in a vertjical direction within the
defingdrinhe movable myp pertiga] direption Vishathe RRATAPL) ectri ¢
properties of parts as recited in claim1l, further
conprising: a flexible conductive foil electrically
connkct edAheippaatust foe nigasaring dietdetricd properties hef gadmandserecited in
al ong a periphery of the upper electrode, the flexible
cl@@hb&eﬂw@ﬂmm%f ined to provide a substantially

uni faoﬁ&iﬁfeec%hﬁﬁc(fﬁue 61 Qﬁgﬁ}ciaﬂ{) cHfeLRA behinRfiL h]%@ eYectrode and

the chamber along a periphery of the upper electrode, the flexible conductive foil
defined to provide a substantially uniform electrical connection between the periphery
of the upper electrode and the chamber through a range of vertical movement of the

upper electrode.

3. An apparatus for measuring dielectric properties of parts as recited in
claim 1, further comprising:

an insulating support plate disposed between the hot electrode and the bottom of
the chamber, the insulating support plate defined to support the hot electrode in the

substantially horizontal orientation within the chamber.
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of the upper electrode and the chanber through a range
of vertical novenent of the upper electrode. 3. An
wappanatsus for measuring dielectric properti esPOf/UREING/611319
as recited in claim1l1, further conprising: an
i nsul ating support pl ate di 9osed between the hot
el ectrode and the bottom of the chanber, the
i nsul ating support plate defined to support the hot
el ectrode in the substantially horizontal orientation
Wi t hi.n t han cipparatss. fér nfvasappadielectrid properees wiipagts as recited in
dielectric properties of parts as recited in claiml1,
claigy §, figgth ‘if&ﬁﬁ‘rpﬁﬁnﬂg a nunber of lifting nenbers each

havi c t .
e St o s S B SRR AP ! 8P porin
attatiedad arlewecandnechetfting radt op surface of the upper

el ectrode, each_ guide structure defined to receive
r espeRIMbE 9 .gw%@mw@ﬁﬁ%?orm@tpé 19, 2dQB KUKRGe: Of g upper clectrode,

eaLﬂ %’ElgP gtr[xﬂ‘ﬂ tfn@& td fRBNE ta' rgﬁ)aeutl\éépflgglg{fﬁ%ﬁg%i tge;tem such that the

an access

lifihg bod of e me&%hlﬁlhgfmdnhﬁ:r i Bilsvabde throwglDin #deess in a top of the
respective lifting menber is novable within the guide

guide sEeqivie ani syt that vthe | disk pesioghof Hee sespediivei hftingemember is
m(g\pa%l thﬁf?lethg f&g Sﬁ'[l&'gl taleden %aglqulhlgﬁgﬁ tﬁ)ef ac\éggs 111?1?4 top of the

05| roning @evices disp S ove
gﬂ@mﬁkﬁgeanaach of the nunber of vertlcal p05|t|on|ng
deV|ces defined to enable verti cal posi tion control of
ar e%p@@b@rv@f wﬁlﬁwlngo%m@ devipes disposed eabpee tthe aipper electrode,

eaglg Itfalegﬂmég . %tlo \6?{9 gal rﬁl?)s llon{&fgl 41‘%% S pglng 4 1! %{i’irb egé/ertlcal position

cohftbpegh ﬁﬁﬂ@iﬁ@gﬂ[ﬁmﬁ’&h&iﬁ@é} iWRreih 3ke R}@fttdapgﬁsiﬁfm tddftrol of the
lifting menbers and the guide structures

An
liftipg amembersf enablrsagerticalg pesitore conirel pfother upres electpadet ghrough
as recited in.claiml.. wherein.three ert
engianienb hF et BuChoioMSL B Dol Hembisiahfi g syde structures
relati onshi p above the upper electrode to enable |evel
control of the upper electrode in all directions. 6.
An dppar afnspparatuseias lmndanwrtg éie@@trrd prapegiserafi pstsofs recited in
arts recited in.clai wherei n the chanber. is .
CIIRY 1n GG ST AT RO e 5P 5 GHRPog | By riangular
refal8AAES amret th@'% p & o BhAWIE 1dvRI EbriRADE Ihd Gppen 2 2RlcRode in
openi ng of upper chanber portion relative to the
aﬂhhmmnomhanber portion. 7. An apparatus for neasuring
dielectric properties of parts as recited in
6. An apparatus for measuring dielectric properties of parts as recited in
claim 1, wherein the chamber is defined to have an upper chamber portion and a lower
chamber portion, wherein a hinge is disposed to enable opening of the upper chamber

portion relative to the lower chamber portion.

7. An apparatus for measuring dielectric properties of parts as recited in
claim 1, further comprising:

an RF gasket disposed between the upper and lower chamber portions to provide
a uniform electrical connection between the upper and lower chamber portions when the

chamber is in a closed configuration.
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claim1, further conprising: an RF gasket di sposed

bet ween the upper and | ower chanber portions to
w@e@vioggsia uni form el ectrical connection bet weRCI/UR®08/011319

upper and | ower chanber portions when the chanber is

in a closed configuration.828An apparatus for

nmeasuring dielectric properties of parts as recited in

claim1, wherein the chanmber is defined to have an

access door configured to be renoved to provi de access

to &n i ntAem iapparatis tftve nehsurbngr dielebiriceproperties af pags adaecited in

forped, fromthe sane ma i al s the chanber, wherein
Claife LB (o ENHEDGICH) SRAOR JoRRAYE| Ht APeESa dpgr CORTIEUred to be
rerﬁﬁ%fg ‘f)po%ﬁe ta{::l&s§ l?ﬂ'ﬁefntém)‘f' ofS@e WHathte? whaef tHa€access door
cha that t d

er “suc e access door i1s at the groun
forpaddefid dhe sdmd matecihbasdthe ch@nbeknwhenear the wscdsedoor is defined to be
measyring dielectric properties of parts as recited i
elegfrigatly f?n’i)ﬁ?@?de‘iorfh? Gharkbergen seppedBCIqse 4kt shgber shgh that the
] SSi ; HhRsd;. el ectrode are each
acég??ré%qgrmo@ﬁ\%%%ﬁg Freen?lg (.)itt%.c An 5'ppar atus for
nmeasuring dielectric properties of parts, conprising:
a chanber formed froman electrjcally conductive o
mat ki al AhdPRATANE L MepsuringnHislerkl PrOPETtigE Gfmarts as recited in
t |.al: efi t Y e}
oI £ 3eRin che ShabitRE A6 noThecHe, o K GarkbidlrloaPng frg upper
eleefrodel aieicdch forined ifidim esjpetirepdsed within the interior
cavity of the chanber, the upper el ectrode
el ectrically connected to the chanber; a | ower

el ecty ode trical Lye .
o o L BB S L Gl Sopprisin

t he £ brdfsdr firmed PRGiht b Rldaically tdvadugper mateeial randeglectrically
the |l ower el ectrode physically separated from.the

copheetdsklo I;a gogl@ihp@tmti?édh? chambes defiaed toj haxp py interer favitvie ~
t [ L th .
i s gooibpef G FaBIPEhaE b Arileqe ity GBI Eifepi Spfi Asposed

wifln GR€ RHtéribr! davity B tHeOERapibet, e GBpErAEctrddeeeldchitally connected to
di sposed to be physically separated fromthe chanber;

theglthnaberel ectri cal conponents housing formed from an

el ectyi cal conductive material and dj .

£ he 2 {Riih slebrpRE ot fford B Sldsieafll (B RRTE A M disposed
withif Ghé imafidycAAYTahedhifibéR £ Pavitie b&@waﬁletl@ﬁbﬁelaétrdde, the

the ground potential of the chanber, wherein the
lowkedecticsialphysiogl reeparsteddiam thy ¢hamber;i ned t o house a

it PRIy PR (ST SRR TRAEL T8 e8P to the

lower electrode, the rod disposed to traverse from the lower electrode through an

C

opening in a bottom of the chamber, the rod disposed to be physically separated from
the chamber; and

an electrical components housing formed from an electrically conductive
material and disposed below the chamber, the electrical components housing
electrically connected to the chamber so as to be at the ground potential of the chamber,
wherein the electrical components housing is defined to house a number of electrical
components for conveying radiofrequency (RF) power through the rod to the lower

electrode.
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el ectrode. 11. An apparatus for nmeasuring dielectric
properties of parts as recited in claim10, further
W@ 09po#ssimg: a conductor plate di sposed w t hi nP€HES2008/011319
el ectrical components housi ng and physically separated
fromthe electrical conponerg9s housing, wherein the
conductor plate is connected to the rod such that RF
powef] canahey géﬁﬂéf‘?& hsliM g H&ibc%ﬁ@pﬁ%@ﬁ}éﬁt&f als3sCrecited in
to the rod. f . An apparatus for neas ng d|e ectric
clpmolik, iftritkess comppsings as reC|ted in claim210, further
conprising: a first c ectqr flnedto provi de .
fird coBMRY iPIPé isoSeA SGgh %5 Rleftrical, GRmaAgents ousing and
lsn@&li}y Eé‘p'?a}e#éfd 2 hedle fafrﬂ:m E&ﬁ Sleéntd Eb&ﬁﬁ% C\Qﬁ@?ﬁﬁeﬂ%sconductor
ou3|n rst conductive Lransmssio
plab ast ddnnattbcy te aha aodll esich ahathBFcpowierctar bpl taarsnnﬂwda tigbugh the
a first capacitaor; and a second connector defined to
copdessprplaty e aegied: conduct i ve transni ssion path through
and electrically isolated fromthe electrica
conponents housi ng, the second conductive transm ssi on
pat h1 2l ecAniapphdatusclonmeeabeing dieldericc propertiesrofippartseas recited in

13. An apparatus for measuring dielectric properties
clym Hbrf'ﬂ‘%heé@mélﬁllnéd in claim10, further conprising:

c onl(f{] #? 8 e%{o? Qlteﬁf&&fL eﬁ?g 1?? %%ﬁ%tf&nﬁg&gﬁeetﬁ%{nég?ssm%path through

andhéledtti €y is@ﬁtedcﬁﬁmolhe ndléctiienll Sofiponents bistising othe ffirse conductive
capacitors electrically connected between the

trapgmeRstonaratlp pleetsicalicommectsd te B condugiar platertbequehiatfirstcapacitor;
the electrical conponents housing; and a variabl e
gapaC|tor el ectrically connected between the conductor
pl at£ sesddd tdaanddért @firetl tbhgovidambstond thhductihe transmission path
el ectrical conponents housing, wherein the variable

theomgh cindoglegtacalisr isplaged: QO@nﬁlmeéecéafaAslompe@ﬁ hgusing, the second
f f .t
e BB IETA SRR ol OF, SABRY AL e g Hrgpner v

recited in claim10, wherein the nunber of fixed
capac:ltors is two. 15. An apparatus for measuring
d| el Bt r i Anppppratusi fos rofaspang dickestrie prapstidsrofcpatisnasieeited in
l gf the conductor plate is formed from copper
claBt B f or nmeasuring dielectric properties

of pﬁff&lauctspa%hémgemﬁeae@aaweeﬁ HeBAdhEteFPIaR and the bottom of
electrically conductive material and electrically

the ochamelodrevdthin the ejeatnierd cpmpermentahqusinige chanber havi ng an

i nterior cath
a number o

fI )}/ed capacitors electrically connected between the conductor plate
and the bottom of the chamber within the electrical components housing; and

a variable capacitor electrically connected between the conductor plate and the
bottom of the chamber within the electrical components housing, wherein the variable

capacitor is defined to enable adjustment of a resonance frequency of the apparatus.

14.  An apparatus for measuring dielectric properties of parts as recited in

claim 10, wherein the number of fixed capacitors is two.

15.  An apparatus for measuring dielectric properties of parts as recited in

claim 10, wherein the conductor plate is formed from copper metal.
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an upper el ectrode di sposed within the chanber
interior cavity, the upper electrode electrically
w@ompeetset to the chanber, the upper el ectrodePCT/US2008/011319
configured to be noved vertically in a controlled
manner; a |ower el ectrode di3®posed within the chanber
interior cavity at a | ocation bel ow the upper
el ectrode, the | ower el ectrode physically separated
fromthe chanber; a radi ofrequency (RF) transm ssion
r od 16onnek systerh dorttheashong dietdcarit properties b£pdrfs, comprising:
transm ssion_rod, dj sposed to.traverse fromthe Io&er .
el e Fhamaber pfogmgHh e sleqically £opgGths Breterih and electrically
: [ be
e R o B B B g ol PRS0 ST o
pl ataa oppenectacbdeodispase®RFwithmnghe skamberr odersarcénvitiyatthe upper
RF power can be transmtted through the conductor
eleﬁrrag% efegtricady RenRqcigds ie; é@i Cgﬁmbsa;tg% upperselggiEqde configured to be
- toahkAnsm t RFE power through a
nu%%ﬁ S@P%py%?%g&@%ﬁ%ﬁe coﬁguctor plate; and a RF
vol tatetver elecrsdeadigbsédwithfastiie ehanbearlihtegior &nfitwaen lddation below
conductor line and the conductor plate. 17. A system

the wppepglestipde ghedopreelestrededthypieally paptedfzom dheghamber;
Feciy r?ig o'f%gﬁ%x?&@iﬁ%ﬁtéaﬁ %154?&{ ro@%é{té@% %1@ IWﬁ&:tt%ge, the RF

vertl call evi ces connected t roug

tradfmissi®naba riposddotot thevetsp [from eecloived dizctrodecthnoupbedn @fening in a
vertical positioning devices defined to provide faor
bogtert phtheothambep the JHT trgpsmissien radhdlisposest to, Ba physisaleseparated

of .t h r electrode within the interior cavity of
ﬁc{rﬁéhecﬁgﬁg’gg. 18. A systemfor neasuring dielectric

pr opeddndastoPplapEdnhedtdd ke tHet RE trafsraissibirdd suchithateR M power can
t he chanber 1 ncludes a nunber of%?as I nput ports and a

beritanpmittegfthrpagh the gondugior plate tojileg RF frapsmaissiparedh f or

measuying djelectric pr Lt ts f her, .

ertibetmil Gt SoPeaBEiobRgR! KEPlon Hchfh gonductor tine
tom&ﬁc@y?ﬁa@;@m unbed to the nunber of gas input and

out put ports, the atnospheric condition and

t enpeREtvoltemstgrsonneatsdstoomeaiufd myeltage hatwaen thsirondertor line and
hcona{o# ainospheric conditions and tenperature within
the cNQUGIOLPIAG cavity of the chamber. 19. A system for
nmeasuring dielectric properties of parts as recited in
claim 18, further conprising: a capacitance neter
connigict edA Isgstemclior tieasuRing diglestmic propertiesdl parts asrecited in claim

1 6l,J ?lg‘ﬁlrer comprising:

a number of vertical positioning devices connected through a top of the chamber
to the upper electrode, the number of vertical positioning devices defined to provide for
control of a vertical position and a horizontal level of the upper electrode within the

interior cavity of the chamber.

18. A system for measuring dielectric properties of parts as recited in claim
17, wherein the chamber includes a number of gas input ports and a number of gas
output ports, wherein the system for measuring dielectric properties of parts further
includes an atmospheric condition and temperature support system plumbed to the

number of gas input and output ports, the atmospheric condition and temperature
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el ectrode. 20. A systemfor neasuring dielectric
properties of parts as recited in claim119, further

W@ 09po#ssihg: a conmputer system having a conmunPCEUB2908/011319
i nterface connected a nunber of conponents i ncl uding
the RF signal generator, th&lRF voltneter, the nunber
of vertical positioning devices, the atnospheric

suppreiystedi defivekdt 18 R RSIUARI &ﬁﬁapaﬁno%yﬁémonanﬂmg BRd temperature
capaci tance neter, the conputer systemdefined to

withie thetigtesiogcaytyi afdhe chaaber.nt er f ace t hrough whi ch each
conponent connected the communication interface can be
noni tored and control |l ed.

19. A system for measuring dielectric properties of parts as recited in claim
18, further comprising:
a capacitance meter connected between the RF transmission rod and the upper

electrode.

20. A system for measuring dielectric properties of parts as recited in claim
19, further comprising:

a computer system having a communication interface connected a number of
components including the RF signal generator, the RF voltmeter, the number of vertical
positioning devices, the atmospheric condition and temperature support system, and the
capacitance meter, the computer system defined to execute a graphical user interface
through which each component connected the communication interface can be

monitored and controlled.



