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[0004] Subsequently, it is often beneficial to measure the electrical characteristics in a
plasma (i.e., ion saturation current, electron temperature, floating potential, etc.) in order to
ensure consistent plasma processing results. Examples may include detecting the endpoint of
a chamber conditioning process, chamber matching (e.g., looking for differences between
chambers which should nominally be identical), detecting faults and problems in the

chamber, etc.

[0005] Referring now to FIG. 1, a simplified diagram of an inductively coupled
plasma processing system is shown. Generally, an appropriate set of gases may be flowed
from gas distribution system 122 into plasma chamber 102 having plasma chamber walls 117.
These plasma processing gases may be subsequently ionized at or in a region near injector

109 to form a plasma 110 in order to process (e.g., etch or deposit) exposed areas of substrate
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valve 212 and a set of pumps 211, is commonly used to evacuate the ambient atmosphere

from plasma chamber 202 in order to achieve the required pressure to sustain plasma 220.

[0009] In view of the foregoing, there are desired apparatus for measuring a set of

electrical characteristics in a plasma.
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BRIEF DESCRIPTION OF THE DRAWINGS

[0013] The present invention is illustrated by way of example, and not by way of
limitation, in the figures of the accompanying drawings and in which like reference numerals

refer to similar elements and in which:

[0014] FIG. 1 illustrates a simplified diagram of an inductively coupled plasma

processing system;
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determined by measuring ion flux with a sensor that is substantially coplanar with the plasma

chamber surface or, alternatively, a sensor that is recessed into a plasma chamber wall.

[0021] Flux is generally defined as the rate at which a given quantity passes through a
fixed boundary per unit time. For a plasma processing system, ion flux commonly signifies
the energy per unit time (or power) created by jons in a plasma passing through a plasma
chamber surface or boundary. Subsequently, this plasma-surface (or boundary) interaction

may be analyzed in order to determine a set of electrical characteristics in the plasma itself.

[0022] Coplanar refers to the position of the sensor in relation to a plasma chamber
surface, wherein a measuring surface of the sensor and the surface of the plasma chamber are
substantially on the same plane. Recessed refers to the position of the sensor in relation to a
plasma chamber surface, wherein the surface of the plasma chamber is between the

measuring surface of the sensor and the plasma.



in order to not unnecessarily obscure the present
i nvention. [0020] Wiile not wishing to be bound by
wohewrops210t i s believed by the inventor herei nPCHAIS2@6/023027
set of electrical characteristics of a plasma in a
[0023] P! asBnlNeQERs Shdi@cSsisireriay dtndaés suihngdhdyse of a non-
measuring ion flux with a sensor that is substantially

coplanarcastoariaeesydtiRter leomstersHich Rryhieckigrdisiertiopra coplanar or

t:
e LA SR AL BRI, SRR LS, orb e o
coplanarriah eluatprwmﬂ miy be gied emdefactrihé erydpoas o€8 chdmlnmr@hn@tlf)nmgd
boundar er unit tine. For L asma 0 essin
process, &9 BYaHE PR PLPCEISHGAL grorg%ﬂaﬁ?tmne%“%eﬁé Clepy mspatre,
floating PBichtidll &8, % (fef CME’ }n ﬁdg hyotigg §or' | ifféreRded PaBveen
passing t sma chanber surface or boundary.

roug

chambelswtm@lqslmtd @ommhhlssgwdsgh@lh frfdgtesting faulis andipropjems in the
eraction may be analyzed in order to determne a

of electrlcal characteristics in the plasma

itself 2 anar ers.to the ition of the
[9024] oo RGP RS oriY Ok B A AR EREPDED CLipra andfealtie gases
are comi%k%ﬂ Qi thaferHRASKICH 08 nstédndifinak thdBaseNSah paftetldsh® unwanted

surface of the plasma chanber are substantially on_the

chemicabsifer preamde inRedislssisiy atdies svstem,tsn@abé@gmerléh \mulfl freclude

nso r h
silicon, \sNEl(éon (Ehﬁxgiﬁ 51&34%9@@%?@% naa%ﬁﬁloﬁ ﬁrfﬁcgé;%(z \A‘?élé’ﬁ’ the
connectiof®etathd Sghdactifeamefacd of ﬂhe piebead t}afpi)vtrdj]ﬁlg/ sensing electronics
pl asma. [ 0023] Unllke ot her di rect neasur é
(c:2, transdipgaF flesshoylithavge TpWang sieblsresisiesse BRFR AL petveen room
mperl P REEAEA S8 POBIL, M Sl OISy Loy
plasma pasing. a condi ti on inside the plasma chanber. For
exanpl e, a coplanar ion flux probe may be used to
[0025] det ecRefefréngaintipti FIG. 6f a @urqﬂﬁ'ie‘d d[agfam df & prabie figshpvas eswrding
to measure plasma properties (

, ion s

to an edgetasit Of 1eBBY TR0 BrisEFab dheprobs 55@}%%@?@% quctlon disk

structur€ leCeohdudiffe %E‘Ia OhEhn Hﬁﬁlﬁﬂ% Qaﬂﬁr Q“he cbﬂ’é@ﬁ'oﬁ Qi Qfructure 302 faces
ditterences bétween o ers which should nomnally be

the plasindent! iic gdneralfy@onstvtcexit ofmgzohdunttvs sanfd:emr@eb} QéSmbaﬁ is coplenar with

chanber, etc. i ment s of ..
or recesS LR GiBo B IA GBE M a F BLBE P ERE Sa g gn disk
structur€ QUP os@fhRfsed Bt BElaAE & WhEdh CdRediRh d‘iiékrkttﬁeﬂui’@?) & isfferther
plasma wi'th particles or unwanted chem cals. For
coupledgn a:npclhe:tlwm pathdi0é el i tusn.gh porgmopkytaemedier toatsiveer/sensing
electronlnfs P‘E %‘8@!@?& may %lcelgg%ell —IVI ch%?a%terls%%sro%ﬁge %rngié'{e ?ﬁbb@ rglg slow

transient U@t thar e dCUhalei thd cz&ﬁbi\tﬁﬁe Ihhe eadodimednt e back surface

surface of the probe and the govverl ng/ sensi ng
(i.e. thespefage igsontact with conductive path 306) is sputteted with a mietal. In an

chambet 8ﬁ

embodiment, conductive path 306 is comprised of aluminum. In an embodiment, conductive
path 306 is comprised of stainless steel. In an embodiment, collection disk structure 302 is
further coupled to conductive path 306 via a leaf spring 308. In an embodiment, leaf spring
308 is substantially cylindrical.

[0026] Further isolating collection disk structure 302 and conductive path 306 from
the plasma chamber [not shown] is insulation barrier 304. In an embodiment, insulation

barrier 304 is a ground shield. In an embodiment, insulation barrier 304 comprises a

5



(e, g, transducers, etc.) should have a | ow and stable

resi stance, when cycl ed between roomtenperature and
wehewansxdot enperatures (routinely at or above POD/US006/023027

commonly found in plasma processing. [0025] Referring

dielectri(g %%%\/\}/{1% cgfaﬁz 1 an@nsHodRthddt | igshisti Asaier¥o4aofpRiRes defamic such

ccording to an enbodi ment of the invention. In
as alumigwen eiteatle, dminunorids, stec bngr ¢rkeflient insplatiae bawist 304 k
. Structure conductive nd ' [ L1
comprisg\LA D GBS DR O PR s pin
gap, but PrgséRuando peveanedias bytweem sérducti edpali 366 anhplaeha vieamber
surface area 303 that is coplanar wth or recessed

[not showplh respect to a plasma chanber surface. In an

enbodi nent, collection disk structure 302 is conprjs%g
[0027] of ndeferiringdos toiFdens, acompbfied gagams asprpbe isphewgop ych

. further upled to Y j ' :
et o B RS A BN BP0 AL e i
an embolifdnt S G thvédiiah. Mepeneral asibefote, the\probaisaotnpriset oftmscadlection

. the ion flux probe, as, slow t{;ansi t currents,.charge 400
disk strusivee, @ coBRBFEYE Pare 2pchphint aReDarFr. Jhe SARSHORII StpRETe

faces thég@%.ﬁﬁ% ?[6 Q&Fis(éﬁng%lé% BhsBHEERGEA Loh &Lt AGk A0 hika 403 that is

I ve pat I's sputtered with a netal. In an
coplanaiewitiodi reentsed edthdestecite agdasma3hgmber sofape.i sed of

alum num In an enbodi ment, conductive path 306 is
[0028] conprins@ctnodihertndotiestiat diet strichiraA02 isdiprsed pf metalized

scon. Scisaegt ot ob T bR e b g R S SR hteras,
' i | g i Sdt@ftel Mhdnda, Collection disk

ﬂwhasﬁg@gg%E?@é%@hﬁ%%ggf%ﬁﬁgfﬁggwfégﬁggiﬁg_cgﬁlectigne%rgkls

structurs 0Lt furtber302plad do conddetive pagh o Whighinf tumgrist deerpords ma

chanber [not. sho i s insulatjlon barrier 304. .1 .
connect &ﬂ%&?{‘?"i%%‘%’?%ﬁ%%ﬁ?@ trgomay wiegSiye adafheBpigics of
the ion 1t AbEHRQMWEBhsiert B8RS EIRRgdAT diSdhafR4he OaaCHERS. In an

adielectric, such as quartz. In an_enbodi nent,

embodiinastuthettiack stefraei(ee. tandirtaeerpy joniast wiihspnducsiye Raist00) is

[ um num nitride | um ' efz.: p .
st U S A G g o i, I
an embdMACHY BdnAREVIPALE H0b & @mEirisedoDstginlcsostpeleloemt enpbalment,

formng wthin the gap, but |arge enough to. prevent.
collection disk gireitngcion ie BREEET P CANGISE Ve RIN A0S iR [ERLTHSEE 408
, 0 0) ] . | . . llecti
i xS0 N 08 RLLTANG AN, s g ol
disk straéttiecto2cadtcanductise patt @b étonethe plascarmiiembenj@opstovida a

. .collecti di sk structure ccordin 0 an e di t
G bEEGs 0 a5 oGS Bl SRR
embodifRIP A &HioRbaftit bk 86hpREEs quartz. In an embodiment, insulation barrier

404 comprises ceramic such as aluminum nitride, aluminum oxide, etc

[0029] In an embodiment, a gap 415a exists between conductive path 406 and
insulation barrier 404 in order to provide space for thermal expansion. In an embodiment, gap
415a is small enough to prevent plasma forming within the gap. In an embodiment, a gap
415b exists between insulation barrier 404 and plasma chamber wall structure 414 in order to
provide space for thermal expansion. In an embodiment, gap 415b is small enough to prevent

plasma forming within the gap.
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contamigghn @i Py el apmpfron gt thabmgy hawddesn S§F‘é‘?rﬁ41 e%gleshaélé purface of
collectu#rpd@igstm A Nks oreAbl 8 ldPhLdl, Sk structure 402 is

er coupl ed t'o conductive path 406 via a | eaf

[0031] Spr i ng (g(ﬂm%ﬁt ﬁlgtflgrgggg tﬁéai)ro%gr Q{Gﬂ)rstéggal ysthe same as

substan y cy 1'SO

the tempe@hthRcsfl tﬁ@ qusm& chirhbeat Imrg%né@z b@dﬂiﬁilS@ phgie réoigesperidiodRthighly
fromthe plasma chanmber [not shown] is insulation
sensitive i feprperafigrg HuchialiAnetfisoBPRaTHLS ity %1&19%% PEOReISHIE YEeIYbe-, cteh

quahty, e& )ate F)Qlt{lg% %ﬂﬁg}lﬁt LA efbodi nent, insul ation

rrre conpri ges quartz. In an enbodi ment ,

[0032] ' ns ul ﬂfé Ol @cfl eg‘{ a ]?1864% o‘f%@% }/ej §0rﬁ§1tr @'9% %CB’%B]]Q/Q llsﬂf?laced between

al um num ni m num OXil

conductéveinth 4ehind msglaﬁorﬂﬂaﬁﬁemO%IrSarb@ﬁMmeﬁtQ pldset lovp cp@tdl of
406 and |nsulat|on barrier. 404 in order _to provide,

temperadiiys &wayt by acepmpleheddy sabsiGng 2 therancaris tarehwnlga gisk
‘ s’cructuré;!t@‘fl dnﬁ astjgﬁlsﬂlvee\;x}ﬁggg)t Eﬂovﬁ{]ec&[&ﬁlh (‘BL-@}}%F; fMoad W thin
a gap e

In an e ment I Sts between

[0033] ' nS uI ?\%{Feglnggﬁ&gf L& FI(?' %4 wcﬂ/ea?agigmgcggfgg G, f oirl@ ffi%]cmdmg to an

struc I n”order

embodlﬁ‘l?éﬁt&!iﬁhe ihvehfion @Bi’&@ﬂ; iEHﬁ:lfore,gﬂe pfbb’é Bs t(&nﬁﬂ’mﬂlof emougimon
to prevent plasma fornng wt 0030] In
disk stracips hOden eondustivs path 0% fgd 12y 1rt§gga|tlpp gﬁlg@r 584 VQ@rpollectmn disk

structurg1 ggb ?{éﬁb gﬁ: ﬁéﬁ%fad Pid Aty g&%ﬁ% c%ﬂ&rﬁc? A SO LB dufifce area

I ment, I's positione
503 thabistcoaplanarctolor eedteised mﬂsajlblamnmhalrxajer swfacd04 and t he
pl asma chanber wall structure 414. In an enbodi nment,

[0034] O ri nih 4d &mBodindent, icoifecfiod disk rs&uammdzsig dodpriged of metalized

per f | uorc?nat ed el ast onmer (i
silicon. Collec‘u isk structure 502 is further coupIed to conductive path 506 which, in turn,

is commonly connected to power/sensing electronics [not shown] that may measure I -V
characteristics of the ion flux probe, as slow transient currents charge and discharge the
capacitance. In an embodiment, the back surface (i.e. the surface in contact with conductive
path 506) is sputtered with a metal. In an embodiment, conductive path 506 is comprised of
aluminum. In an embodiment, conductive path 506 is comprised of stainless steel. Further

isolating collection disk structure 502 and conductive path 506 from the plasma chamber 514



Perl ast, Parofluor, Kalrez, etc.). In an enbodi nent,
Oring 410 and Oring 4 11 are conprised of Teflon. In
wano@rosdo nent, O ring 410 substantial |y reducesTaisei0ng23027
or light up in gaps between collection disk structure
is 1nsulaﬁ9@b£’ﬂgr aengyg bﬂﬁ%odﬁﬁfieﬁt #R61atibi bariee SPOE a@otind Biclirig an
substantially reduces arcing or L|ight up | gaps
embodldmlt,mmhatmmdoa@w tqomfl%ﬁtwaﬁ%)énéﬁ&mbﬁgweé’cﬁ o lin %l?a&ler
In an e &
S04 comgrisscaoar 1y P A AP AR ARG S, T enpodiment

1nsu1at1oﬁ’£&iaﬁlert5b&boﬂipyis&amenb%nvlﬁﬂuistsmaﬁdmongh tmqarbw:rk phamh ferering
coll ection disk structure_ 402,

it (Reeas P QATES POUE 1 BReveH SHBBUF MEhE CordHsty & A 06 pad ppma
chmMmJ?ﬁ-prObe is substantially the sanme as the tenperature
t he plasna chanber. I n general, because plasma

[0035] ¢ lem S ﬁﬁ)%d{n?erﬁ eanh(bg y5 19 ?@ﬁ%sﬁﬁ(?fgd et RIRE18dioh Rlisk

uctuations o tS In S processi ng
structur& Y&X nd the pasmaehmhbqumu dtanctued 614) In elmpmbadlme@t O-ring 510 is

comprishg A PEIIERISE 1 B ufor P B p O KRG ST of
embodngglﬁc"\@erﬂlgcﬂmg Chip) }Sﬁs&%tﬂ“ HeR. BRE ehibodlnadit00-rhar Fl0gfrovides

an enbodinment, closed | oop control of
pressuret leetweanahe bazclq'm@/thb probe é@?rpild teatashp chambdadinggskpwn]. Such

st U8RI P B 0
R |
00361 00 S a@]@a?rmufeoome SRR, ReRBI, g same o

the tempdIMGRL df@lﬂe plafim8 %Hﬁﬁ@ér: In3$ da@fodirBent bh&yeR b0 B rmslly conductive
onprised of a collection disk structure 502, a

adhesive mmmﬂuwmmtdonsmve 2nd 586 apd srmllﬂupa amigr P&rngp4.,
[l ection di,sk. structur 0
embodlglﬁat lg) ap SPR ol o%ﬁ e (thte dg (}%) aacgon 4"‘:21\6,08'%5%0 é]a

thermo@uBR [ROSHbRA] i &isk @tﬁlll(ﬁlﬁl‘@ﬁ()i?. Qndfa résﬁstﬁ&smde ot bhmglmm
chanmber surface. [0034] In an enbodlngg col]e é%
conducuv%p@ﬂs £0@ dn an enBodiniant, condicHiye g P Ofarcndesdgvis pPimected

to the pggﬁ%seegq%lln DR ?ﬁl % C}Eléﬁteﬂlrbﬁdl t, tf%e HHE SN nE QR k@éi)n‘dﬁctwe path

e pa In’turn, is conmonly
506 withQrsoest. &6 ah empodiains ehkswirg 1sedoan¢qt@h1100:s)n§1mitvemdvﬁ=f]6 W1th a

BNC ogigeiet [ SaivBh) b i embimet sandece sy 06 coa Sl
contact% Eale%ﬁ&ﬁﬁisf(@ﬁ &urd §023h sebodi ment, the back surface

e sur?ace In contact with conductive path 506)

[0037] Icgn(sj p'IIt LELRRo egbghé‘@%@é bial 1t AR Svgdgpa%]g Blased above the nominal

Ve pa conpri sed num I'n an
oatmg?ﬁ&@ﬁiall(&ﬁé probe %Mdielng%epa'ahy B@bvedentioaty fiosedie plasma in

conJungtEo?ll vfllllt]f?ggphsétde@l\el?l potgrlf!c{a S. ?n an embodiment, thermal grounding of the probe
may be accomplished by the use of pressure and materials which provide low thermal contact
resistance, such as graphite 507. In an embodiment, closed loop control of temperature may
be accomplished by embedding a thermocouple [not shown] in disk structure 502, and a

resistive wire [not shown] around conductive path 506.

[0038] While this invention has been described in terms of several preferred

embodiments, there are alterations, permutations, and equivalents which fall within the scope



i solating collection disk structure 502 and conductive
path 506 fromthe plasm chanber 514is insulation

wo0an07i0e521604. 1 n an enbodi ment, insul ation bar PCEUSEDE/023027
is a ground shield. In an enbodi nent, insulation

of this in¥aitidne Tt shOdld alydIHel sl thatahére ard mam;nalmmajmemyts of
i nsul ation barrier 504 conprises ceram c, such as

implemegtipgthsasthedsrafdee PiepeiYeRYYXi de, etc. In an
enbodi nent, insulation barrier 504 conprises an air
[0039] gap Wtdvahta'g@ ofrih¢ 1nventzyug1nclvée PR éﬂl@?ﬁt‘l OFf SRAASYIHIEA %0

thin the ga but t
st U BB A0 S
substant{a0Rahkratite aniformiedbereren tha rpréBerandgl Bdsthd chaprbsi Sulﬁae,dand the

bet ween coII%ctlon di sk.s ructure(gﬁéA nd t he asmaﬂ
avoidancerpfarderiaiauches fupgsianang gmipum oI YR Hgcon Iﬂ%ﬁf‘g e

oftOMprised of a perfluoronated el astonmer (i.
pkmnm{%$ng§t Parof l uor, Kalrez, etc.). In an enbodlnent

v ) TSR, o L0 0 i
and van@lidﬂ@ endy(bé ramit tohke fiselosed enttadheent while sdnoaining v@t]mhthe subject

pressure subst [ oves the ability of the
and Spmé PhHE REIHPR & gﬁé@wﬁe %1:0 dpisati on. [0036] In an

enbodi nent, the tenperature of the probe is
substantially the sane as the tenperature of the

pl asma chanber. In an enbodi nent a [ayer of thermally
conductive adhesive is placed between conductive path
506 and insulation barrier 504. In an enbodi nent,

cl osed | oop control of tenperature may be acconpli shed
by enbeddi ng a thernocouple [not shown] in disk
structure 502, and a resistive wire [not shown] around
conductive path 506. In an enbodi nent, conductive path
506 includes a wire 509 connected to the power/sensing
el ectronics. In an enbodinent, the wire is connected
to conductive path 506 with a screw. In an enbodi nent,
the wire is connected to conductive path 406 with a
BNC connector [not shown]. In an enbodi nent,
conductive path 506 directly physically contacts
col l ection disk structure 502 at 512. [0037] In an
enbodi nent, the probe bias is not substantially biased
above the nom nal floating potential, the probe bias
bei ng generally derived entirely fromthe plasma in
conjunction with applied RF potentials. In an

enbodi nent, thermal grounding of the probe nay be
acconpl i shed by the use of pressure and materials

whi ch provide | ow thermal contact resistance, such as
graphite 507. In an enbodi nent, closed |oop control of
t enper at ure may



be acconplished by enbeddi ng a thernocoupl e [ not
shown] in disk structure 502, and a resistive wire
wonai7/efaon] around conductive path 506. [ 0038PCYWuiSk@®6/023027
this invention has been described in ternms of severa
preferred enbodi nents, ther re alterations,
per mut ati ons, and equivVv which fall within the
.scqpeof this invention. It should al so be noted that
What issqheigd & e many al ternative ways of inpl ementing the
nmet hods of the gresent i nventi on. {0039 Advant ages of
1. ArwoberppataiuseonHENgd do measspa o ep@waﬂq%&%qrwg%msadﬂasma
: - [ .
processip EaBEe W8 plERREAFREIAL ik Tl i of Bl Bllber
surfaced eomfigueedus ée uxpdsed ta 4 plabeb weatprising: pr obe and a pl asma
chanber surface, and the avoi dance of materials such

asolldetias HRR saichui donTiguird o belexpubedid saRlyplagind, avHepetlyaaid
the plasma environnment. [0040] Having di?closed
collectipn éwg staRgurs ibenL#han M the deastaiernd stid weicRd, Plasms Fhember Brigces;

and variations may be made to the disclosed o )

arbetichenpah apifigrediodianismi spidtset of alerdrien) sharaetersiips from said

SPILT ] f the_ipvenii ined: | '
cotle 4 g LR, SR Bl s
generated by hglohethxt of sakgdasnen; andet of el ectri cal

characteristics in a plasma processi ng chanber, said

Rind6$8at Ph MEA TS Icbafi gliadResfubs st Ay ddttidcadl§tsepiratelsaingdllection
) chanber surfaces configured to be exposed to a pl asma,
disk ang sgif cprdustive path dlombeaid 89t of plrma chypbasarfaesst i gured to
be exposed to said plasma, whereby said collection
2. dihs krobe apparatue of glawp) whencingaidrelediri¢ad gharagaastish indudes at least

S of . pl as chanber surfaces; a conductive path
one Of‘éogf?g?’é’tl}g%edan%wrfe%'sm t said set of electrical
aracteristics_fromsajid collection di.sk structure to
3. JHE pfovseppaais AGEBRS L. Whert oS digk SBieupd apprised of

metaliZel@iagt eristics is generated by an ion flux of said
pl asma; and an insulation barrier configured to

L S S L
surfacecifaati eonduetifapah, sad suFfeee prinpepappet withs nodtalcl ai m 1,

wherein said electrical characteristics includes at

5. It ptoben@pahtuy of tiage,1, phath saiiheblieutisreditk stBuctdiegs pruphe to a
apparatus of claim11, wherein said collection disk :
surfaceaf sid cop@uctive E@#’iﬁ’b’i a deastypne leaf spring.

6. The probe apparatus of claim 1, wherein said conductive path comprises at least one

of aluminum, stainless steel.

7. The probe apparatus of claim 1, wherein said insulation barrier comprises at least one

of quartz, aluminum nitride, and ceramic.

8. The probe apparatus of claim 1, further configured with a gap between said

conductive path and said insulation barrier.

9. The probe apparatus of claim 8, wherein said gap is small enough so said plasma is not

formed in said gap.

10



nmetalized silicon. 4. The probe apparatus of claiml,
wherein said collection disk structure is coupled to a
weoeund7awog210f sai d conductive path, said surfacePO®iUSZ06/023027
sputtered with a netal. 5. The probe appar at us of
10. dihgipebe apppreiision claimd fwthee configuredi with 8 gap between sad insulation
C sa onduyctive path by at
barrier %8&&!! lggt 519? eas%&f ge"i1 0? Bl%srga ciﬁ{glg BIE%

one ﬁppar atus of claim

er ei ai conprl es at one
1. The iR PhfRE éif Ratc bt Salcggamiﬁ smg GB%ugélpSﬁa%{ plasma is
not formkd & @idpab. wherein sai d | nsul ation barrier conprises
at | east one of quartz, alum numnitride, and ceramc.
12. & prbbBe apaehes aRPaiaddus n‘i’éasﬁ'l]e%' & de eléc'tﬁ%@@ﬁ Q&Qﬁ%ﬁ‘s’ £e4 plasma
with a gap between said conductive pat Eg
processifgs¢hagiben naid alasimey pr og:ssmg @hmlbﬁbemdmbag atetofglasalaadhaner

surface%‘@g%eéélyldf]t%g)g gsgsed%]) fyPlap %‘%@ﬂ%pZ?g? ug ! gfs mé| Ia|s mngt

fi ured W bet wee id insulation
BitphfkEion SR &?Cﬁua%%%ﬂt@w%a? B8 sepseaio wid prsmhmvesTeibmic
collectidt Hfsﬁ(‘sﬁ*ﬁctuﬂe]is ré@é@seﬂ RAREreRIRBIAL 1&1§sn9&f c}fa}rﬁieﬂlﬁ@ace%ﬂﬁﬁ '\Jllnch
sai E is small enough 'so said plasma is not fo
SMdCOH%ﬁ@a%w @ﬁpﬂﬂmzsdﬁppﬁﬁ%e apparatus configured to
measure a set of electrical characteristics in a
plcascrlmtim paihssnﬁ]glrcch m’rﬂnﬁ’rsmi’ssalicﬂsep bhd aeripdl @b&ssietigtics from said

collectlgg ﬁ?? dﬁp(l‘é[gr% tg aﬁg é]bcefso g%gggaﬁgset € Igllﬁ?#é; iy e?agtenstws is

generat@@b&@ﬁldn%)ﬁ(bfssléldsﬁléﬁﬁé Whg configured to be exposed to
sai d plasma, whereby said collection disk structure is

rRGRKI/HnWMalkr B8R
ARG LoRREEky 0o AL SSUATNSI  BUALR cototon
disk and|isajgd serdirctize pgh diont saié sgatf plasmafchgubedutfacdsr ansmi t

said set of electrical characteristics from said

13. dbb pmbta lapparalﬂus bt slainu ¢ 2 UwBertir saidsebdctrddal tiianaeiiRE $ncludes at
i d set of electrical characteristics is

leaStonﬁé’Eé(P ?g&jp e.RdicHert ux of said plasma; and an

insul ation barrier configured to substantially
14. dheprqabe @apargtus ehelpin &2 suhercinspidaotlpgivndiiskstanstirs & apmprised
ofnm&&Q&fHﬁ&JYe path from said set of plasma chanber

surtaces.

15. The probe apparatus of claim 12, wherein said collection disk structure is coupled to a

surface of said conductive path, said surface being sputtered with a metal.

16.  The probe apparatus of claim 12, wherein said collection disk structure is coupled to a

surface of said conductive path by at least one leaf spring.

17. The probe apparatus of claim 12, wherein said conductive path comprises at least one

of aluminum, stainless steel.

18.  The probe apparatus of claim 12, wherein said insulation barrier comprises at least

one of quartz, aluminum nitride, and ceramic.

19.  The probe apparatus of claim 12, further configured with a gap between said

conductive path and said insulation barrier.

11



13. The probe apparatus of claim 12, wherein said
el ectrical characteristics includes at |east one of
woabi7age10 phase, and current. 14. The probe apparaisSu®6/023027
of claim 12, wherein said collection disk structure is .
20.  Tdempebesapparstusradckainldd whieteircsnid gapsis smal eppegheso said plasma is
not fo E&ara} saof claim 12, wherein said collection disk
TOEY derlir €25 s coupled to a surface of sald conductlve

21 e Biotgebudis e b SrdPhioretin Sl s Babgeen sid

insulatfofbaffel ANtk ofid bEGEMER of Flagrﬁy Bhsbdr Quidaceds f ace of
said conductive path by at [east one |eaf spring. 17.

? OhPaARRARIHS Af \A@ltel%ﬁrma}d? Shagil @n&?%lfjso said plasma is
ductive path conprises at |e one of alum nu
notﬁﬂsmamnwetgqsteel 18. The probe apparatus of claim 12,
wherein said insulation barrier conprises at |east one
of quartz, aluminumnitride, and ceramic. 19. The
probe apparatus of claim12, further configured with a
gap between said conductive path and said insul ation
barrier.20. The probe apparatus of claim 19, wherein
said gap is small enough so said plasma is not forned
in said gap. 2 1. The probe apparatus of claim12,
further configured with a gap between said insulation
barrier and at | east one of said set of plasnma chanber
surfaces. 22. The probe apparatus of claim21, wherein
said gap is small enough so said plasma is not forned
in said gap.

22.
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