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[ 0001] The present application is a

continuation-in-part of U S. Patent Application

Serial No. 10/341,913, filed January 13, 2003, in the

nane of inventors Armen Avoyan and Seyed Jaf ar

Jafarian-Tebrani, entitled "Method for tool matching

d troubl eshoot i i tem
common! y asst gned havad R NUEEER G Aol i cat i on
MEErHeD MR T@%ﬂqgﬁé%md &NDJ’PRWBL%HWPQVG% RLASMA

the benefit of U S rovi si onal Patent Application
Serial No. 60/414, FROCESSENGSRYSEENEr 26, 2002, in
the nanme of inventors Arnmen Avoyan and Seyed Jaf ar
Jaf ari an- Tehrani, comonly assigned herewith. FIELD

OF THE | NVENFTAREL@RO2OF RIEL ATEDARPLICVENDNON T el at es

to the fabrication of materials such as electronic
[00@0vi ces The preseshepphicdinass asgnidgyuatiomin-pant of U.S. Patent

AnfebiESaR NG 103 D5 TR el ARos, sl Bpfhgnors
AmitndSveyaRad Se5éd B Yakam-TeBASK CRANDNIFh It tOOERELEY and
trow[bOOOS] Material processing with ionized gases, .such as

bleshontingaaplpyig? Bieeessing SEYFweS dommenly pisigned derewith. U.S. Patent
ApdRERGESCRA NG (PSS TG Ffk (32001 Yiakls I¥efeRe D).
Proiriﬁﬁg@lt]?atait)AppﬁdﬁioacSeﬁhBNMO/eM; 108; filleslySeipeaben @y, 2082, in the

used in the fabrication of ] conduct gr, devi ces. .
nas QRSO ATTIGR AVBYASA Sead JHTET Gitaans] ksl SoPUBeE pffiEned
herswidl.€m 100 including a plasma reactor 102 having a

pl asma chanber 104 therein. An RF power supply 106

supplies RF power via a |ocal matching network 108 to

an el ectrode 110 i r. 104. [0004]

Chanber wear and Eﬁ%@ftgéme the plasma
[oo@z]OoCeSSi TH preftaloEnticd rBlaRAYS Ehel fABAASI0R b MatdiRBWutiP as

over a period of tine. Plasma process[r&? .
electronic devices in plasma processing system. More particularly, the present invention

relates to a method and system for verifying the operation of a plasma processing system.

BACKGROUND OF THE INVENTION
[0003] Material processing with ionized gases, such as plasma etching and
reactive ion etching, are increasing in importance, particularly in the area of
semiconductor device manufacturing. Capacitively and inductively coupled plasma
etching systems may be used in the fabrication of semiconductor devices. Figure 1
illustrates a conventional plasma processing system 100 including a plasma reactor 102
having a plasma chamber 104 therein. An RF power supply 106 supplies RF power via a

local matching network 108 to an electrode 110 in the plasma chamber 104.

[0004] Chamber wear and polymer deposits cause the plasma processihg
chamber to produce inconsistent results over a period of time. Plasma processing
chamber wear occurs when hardware parts in the plasma chamber are used and

eventually need to be replaced. These consumable hardware parts have a limited lifetime



chanber wear occurs when hardware parts in the plasnma

chanber are used and eventually need to be repl aced.
woheeszsessnsunabl e hardware parts have a |im t edCT/US2004/037408

lifetime WD 2005/ 054880 PCT/ 1JS2004/ 037408 usage. For

exanpl e, an electrostatic chuck (ESC) supporting a

wafer in the plasma chanber has a typical lifetinme of

abgut 3000- 500 F hours. robl ens ch .as
ussgf BRI A reBose e oy (hat sPeirio fowitia F plasme
chanficb BESHibaF RARAY oftaBoifi 7I00-5000 REMwuss. EDther Sioblekds-such as
[ 0005] Several methods have been devel oped to obtain
impropertherdvweaye sssenbly map slsbcausewhe plaphapiosessingsheribario yield
. cha%’gers For exanple, the torque applied to coupling
incopYStyflt FesUliS o a5 nuts and bolts, coupling hardwar e
parts together nmay be neasured and conpared wth a
ref erence val ue provided b&t he manufacturer of the

[0005] asna Seremlancth@lshave baen dryglopedita ehiein betjer aeasistengesults

.the el ectraode centeri for _pr I e . .
with SRR GHE AERhGE) Pt cxamet AR TomlP aPMRiadp coppling preans,
suchs liliﬂ’cs%ndfb@ﬁﬁ,,coﬁﬁﬂn%?m&w&*eq:w tdaethet May Bt nfedsurtd end compared
correct assenbly of chanbér hardware parts and to

withtarreferines Nalve peovidesthy the aamnfacpiercal skg plasmad chasher. Bfierr
I . : . .
metigip EhIGE £Vt Pl Sk NIl B SRl igtalgion.
power feed connected to a bottomelectrode is tested.
A first capacjtapce hetween the _bottom el ectrgde and.
[0006he gr o (hitfed thrsiopexists Iapeimpledfash %ﬁ%{%@@ﬁmﬁ to verify
%@e% ﬂié‘@é PaRBarS pattsSanki S krdlibIBchobcdtfber plasma
thecgﬁg er. l%yggg%n gagﬁ\?taﬂce&getv\een thg b%ttor%rp
procedsengtsystdmsand t he grounded chanber is neasured at
vacuum wi th the grounded chanber including all of the
i nstall ed consunmabl e hardware parts. The first

capaci t ance pRIRF WESTERIPTRON OP THEERWVEBNTRPRCI t ance

measurenment are respectively conpared with a first
[0007kf er endeplosthaiprogessing syslemrithvingfagrevded phambenand an RF

dent 1 1 " : . .
oo OB A R g om0
bottid leléetrb@SRRICthe ghindéed éhanitepisafentutiay stntfsphdre. Consumable

capaci tance of a, defect-free chanber at atgﬁt)’)@f)here and
hardwaee pastsinsailed inthe ghapabesc A secend eapasifanpe peimieg theotiom

elec@dde £ thOGrdulGS P afifbef RIRLHTRRE Gt PRUHMAKFh the grounded chamber

including all of the installed consumable hardware parts. The first capacitance

measurement and the second capacitance measurement are respectively compared with a
first reference value and a second reference value to identify and determine any defects -
in the plasma processing system. The first and second reference value respectively are
representative of the capacitance of a defect-free chamber at atmosphere and the -
capacitance of a defect-free chamber including all of the installed consumable hardware

parts at vacuum.

BRIEF DESCRIPTION OF THE DRAWINGS
[0008] The accompanying drawings, which are incorporated into and constitute a

part of this specification, illustrate one or more embodiments of the present invention



parts at vacuum BRI EF DESCRI PTI ON OF THE DRAW NGS
[ 0008] The acconpanyi ng drawi ngs, which are
wonroevgsessat ed i nto and constitute a part of tRC$US2004/037408
specification, illustrate one or nore enbodi nents of
the present invention 2 WO 2005/ 054880
PCT/ US2004/ 037408 and, toget her wth the detail ed

escri pt.i.o serve.to.explain | es,and
and, s it dRE NS ssrasy Srrby I exobih B g et
unpl@ﬁléﬁ\éaﬂ&%s ofthGinvénfich. @ di agram schematically
Ilustrating a conventional plasnma processing system

[00019]1 accohtlthevcrba\wngh a prior art. FIG 2 is a diagram

oS EE‘gB]tel cal. ? I I g’%‘{ﬁ}éh%%msﬁﬁl@’g %%%@t&n%klasma pr9cessmg

systéiﬁ%?ﬁdi@fu‘aﬁcé\bﬁtha%ﬁrﬁﬁbo‘j' ment of the present
invention. FIG is a block diagramof a conputer

sy§lGm isui diagrem Sfcbfrmatrpplly; phistratieg aisnneratus for trpwgeshootmg a

plos B PRSHRTREIIF P 0t i ofl el R R presentimvention.

t r gUG! PENOCIbEINGiagramPbfSdin it Gostemtgitable farimplementing aspects :
accordance with one enbodinment of the present

of therpresent igwentigt G 5 is a fl ow di agram schematically

ISt atd A8y %ﬁ]a[ng] g&eﬁn%ﬁc%iz}pﬂ%t?ﬁ@%%trh&ﬂ #fdh138PRshooting a

prOcessing sys I h-accor PEernative
plaspilppctiessing systerh heagporiante with by enbodimenIF ¢ priekent invention.

DESCRI PTI ON [ 0010] Enbodi ts of 1he presept .
e 5 i oW dngsem HeaHeR bt uptratige RORPLIGK rogpleghooting 2
t twecenwmnéﬁl Hhel esent,
plasﬂg@ﬁ%sﬁ&g?ﬁr ea iac}é {aet tﬁﬂgﬁ% ?OWI ng detail o B
invefitiext.r i pti on of the present invention is illust rat ive
only and is not intended to be in any way |imting.
O her enbodi nents of the present invention wll

readi |y suggest thswBRITVS DESCRIPITIGKI | | ed persons
having the benefit-of this disclosure. Reference wll

[0030w be rRndkeodiments véibe presentripyesiiontag desedbagrhergip in the context
ofa pﬁa%rsn%ri}roéegglgg tsys I AT hose of ordinary skill-in the art will realize that the
following detailed description of the present invention is illustrative only and is not
intended to be in any way limiting. Other embodiments of the present invention will
'readily suggest themselves to such skilled persons having the benefit of this disclosure.
Reference will now be made in detail to implementations of the present invention as
illustrated in the accompanying drawings. The same reference indicators will be used
throughout the drawings and the following detailed description to refer to the same or

like parts.

[0011] In the interest of clarity, not all of the routine features of the -
implementations described herein are shown and described. It will, of course, be
appreciated that in the development of any such actual implementation, numerous
implementation-specific decisions must be made in order to achieve the developer’s
specific goals, such as compliance with application- and business-related constraints, and
that these specific goals will vary from one implementation to another and from one

developer to another. Moreover, it will be appreciated that such a development effort
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illustrated in the acconpanyi ng drawi ngs. The sane

reference indicators will be used throughout the
wOnraewoidgsoand the fol l ow ng detail ed descri pti ®3TiUS2004/037408
refer to the same or |like parts. [0011] In the

interest of clarity, not all of the routine features
of the inplenentati ons descri bed herein are shown and

C Wi Cc ' tegdid i fin o
i 5 D b S5 ARG T ehding
of eﬁéiﬁ&ﬁﬁ'g&‘or B¢ edtinaty skilt HBE bithaviag ChebanRft ofithis diselosure. -
de in order to achieve the developer's specific

goal s, such as conpliance with application- and

005 o wiin RGeS BuPbRimaR b aitBteebtiaGRAcAL | C
compbAdHts) PRoceHE M) BRT/ort dmmﬁfchﬁés mbpbe dislemented whihg vixdous

appr eci at ed that such a devel o Iprrent effort 3 WO
types @6 sp@ystiessysieuR (OSHomamting pRtiopngHirnpyEare, sopIPEIEr RIRgrams,

I [
confBEFBRRRUT. Ayl PH TR S, 08 g L Fies
progikitniedipfo debﬁnﬁﬁﬁngfb’m\/pm@sﬁlhg cbﬁﬁ’&?i Theprdcksdsing clrcultry can take

di scl osure. 100121 In accordance wth,éone enbodi nent

the formiGf augeas oM biRAARS GHRTOSITEOTS B BRREHILE SYSteRtSeia stand-
alon%td%gﬁe %ﬁg %cegsaéaﬁ b%tnE felidhfd a@ﬂsﬁ%@t{éﬂﬂx@&ﬁéﬂ Bfisusal N9

vari ous oper t I ng systens , conputi ng
hardat flmrdmarefalumymamy combimatien therevfr Ahe softwammayee stored on a

Iangua es, gnd/o ener al - pur pose machi nes. The et hod
prograim Sy gqjﬁevagergaéa&? Wﬂ%@ Process running on

processing circuitry. The processing circuitry can
take the form of numerous conbinations of processors
[00k3d operlataddifionytipsenaf ordinacy skilbindhe ait ovill repognize thatgdevices of

o Bl RS e S G b g BB PRl
devices%mfns) Jheludafol fivd Erogmhmlé b&te afta RPGAH) a@d asmplex

stora devi ce read a machi ne. [ 00131
prograwimabimlogicdsyices fCleas)néa:rp}w@tm spegific ﬂmfégrafe@ GWPWFS (ASICs),

or tfr% gda@ QE@etus% Sﬁt gmalﬂ§lffo§l§ﬂges9§ d frﬁ%?ﬁle mventlve

vv| re i'ces gr amab

conbegﬁs discldeud Ieeésin( FPLDs) including field programabl e
gate arrays (FPGAs) and conpl ex programuabl e |ogic
devi ces (CPLDs), application specific integrated

.[OOfAIi]r cui t Sp( gk dhee with one embodiment of the present invention, the method
may be implemented on a data processing computer sucﬁ as a personal computer,
workstation computer, mainframe computer, or high performance server running an OS
such as Solaris® available from Sun Microsystems, Inc. of Palo Alto, California,
Microsofi® Windows® XP and Windows® 2000, available form Microsoft Corporation
of Redmond, Washington, or various versions of the Unix operating system such as

" Linux available from a number of vendors. The method may also be implemented on a
multiple-processor system, or in a computing environment including various peripherals
such as input devices, output devices, displays, pointing devices, memories, storage
devices, media interfaces for transferring data to and from the processor(s), and the like.
In addition, such a computer system or computing environment may be networked

locally, or over the Internet.



or the Iike, my also be used w thout departing from

the scope and spirit of the inventive concepts
woi2eed/wdesd herein. [00141 - I n accordance W t hPQmAS2004/037408

enbodi nent of the present invention, the nethod nay

be i npl emented on a data processing conputer such as a

personal conputer, workstation conputer, nmainfrane

003]Ch ac AstRim? etbeySHaPRER SBich T FaT TGSy Saver
con§uﬂpableq{arf\§6‘ér>@( FgéHE Qﬁithgﬁélﬁsfn?i dHathber. M50 86sufnable hardware parts

W ndows(r and Wndows(r) 2000, avail able form
are Wded dosng the@daspor process andincRddnameng otherh allpemoyalde hardware

B B RSO D SRR e,
. ete. TBhe RhRRvARE parfA1 SSRIAAE, dMbrk otheth, ipofle sEIpDE simeEtions, circuit
system or In a conputing environnment includin

boandssthe clanptesr ilidh dhesesconsuraable bardwgte pagis\heres ,liméﬁqg pifgtime usage

devi di spl i nting deyi i Stor:
ond G A gaRal ipbacR - Fol Dot Pyt o ifttieafoR Hhdin PGS
lifetfﬂié)gf AHd6at PIISEFREHoBYs, ANéledthntasiikhucks (ESTidiak aappical

__such _a con('?uter system or conputing environnent nmay be,
lifetipag babioati3000:2000 1¥F h@WSoQ@ﬁﬂgE@‘dWﬁteeerxﬁeﬁqd tg pigsma has a typical
. 4/ A . R
lifet Q gf( &%ﬂ? ?%-g@r g#}%%@gsr (fég gflégxiaeleétpo%elﬂas ‘?t}?@ﬁ ﬁ?etlrtr%&? c))/f a(l))fout

0CeSSI NG s y consists of dn asse
1000 RFstoued | £ Sitedod Weirbidp €8iC3 bufiflethas a pypacaiiifeinendifaboull 3 MORF

consunmabl e hardware parts ._are used_ duri th lLagha
- hougsr dhesssolprdinanesial & th sggllspRisc@te thay tL? gﬁwz&%ﬁ@?"eﬁ
o . |
hardii Wi ore RO enBUE D @cilfng A e o ORISR Bark e used
withibinedépartthgafrem plar invertiveaoncaptsittesin disslogedt her s, power -+

supply connections, circuit boards, the chanber |id.
These consumabl e hardware parts have a limted

[0014] et | MEFIES24E, dRBHANPERRYEHINAIhtratiBP b &FshrathODOO0 for

exanpl e, Quartz confinenment rings have a typical
troubleflaaditimg agflasatporiching systamd 26¢irasgerangewish eeq erabedimenicof the

chucks .( ES has a i cal j i o)
presibiftEistsn: mbenlipt ol Bhtont 207 kb0l aBURH chamber 204
havitgS BbttodPdl6cttode 2062 Thelagha ah@tber 269 188fpH¥d dfailirconsuinable
silicon el ectrode has a t%/gi cal lifetinme of about

hardverge prets andiassembliesiap dewrbechaliVee (SiC) baffle has a
typical lifetime of about 3000 RF .

[0017] The apparatus 200 includes a capacitance measuring device 208 and a
computer system 210. The capacitance measuring device 208 is coupled to the grounded
chamber 204 and the bottom electrode 206. The capacitance measuring device 208"
measures the capacitance between the grounded chamber 204 and the bottom élecﬁode
206. In accordance with one embodiment of the present invention, the capacitance
measuring device 208 may be, for example, an RLC sensor. Those of ordinary skills in
the art will recognize that many varieties of capacitance sensors may be applied to the

present invention.

[0018] . The computer system 210 is coupled to the capacitance measuring device - -
208. The computer system 210 receives the measured data (the capacitance) from the
capacitance measuring device 208. The computer system 210 allows a user to verify
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hours. Those of ordinary skill in the art wll

appreci ate that the above described hardware parts
WOr200534880nt ended to be limting and that ot hePCT/US2004/037408

hardware parts can be used w thout departing fromthe

I nventive concepts herein disclosed. 100161 FIG 2 is

a diagram schematically illustrating an apparatus 200
| , . . '
el regh A S30AP 1A 207 s SRV PR e

hardwawepdrisaipe astembledastrectbt ighiratyzingsthe meadied dathuTas algorithm

..grounded chanber 4 _havipg a hottom el ectrode 206. .
withity eﬁpla@m;réym@fg & fGupFH AR MOFe g‘F‘P‘%S’H&"u\‘féBTeéPe"t to
FIGF_@{ e parts and assenblies as described above. :

001/] The apparatus” 200 includes a capacitance
nmeasuri ng device 208 and a conputer system 210. The

paci t gnce .measuri ng device 208, ig _.coupled.to th
1001§] b de G DR BRELTSDITITRS HReD8PedeaNGETr BuEHmRe: low
frquéhgy,%ﬁ’?ﬁé L&AGs u%ﬁﬁﬁﬂﬁdoﬂgo&&‘é r E@s for

'g;%? itiGASH e
apaci t'ance between the grounded chanmper 204 and the
plasina ppravessEhesystente In2@@paditivelc conpliaiRE plestoh etohing system, the

e diyrent of the pres i nvention., the capagitance
chasfid GeAGE B DB By et i s B e pORRT et
capaRROB Tor wilidR 2R cQhivale ARLM cakbé iwn) THeRFoR! by Wehéuring -

recogni ze that many varieties of capacitance sensors

capavitgncbof spghl andcbvery edmpongntenche RFpath theooveralberpsgitanyeef a
pos T B L 5484 5 e B8 PR eciasion.

A speCiRhticttoft hRilITRSsteel chatdef, bl vellap andividasiejarth mpohents,

capaci tance reasuri ng{ devi ce_208. The conputer system
and hargware asemigliessan be gstaklished, Bonsxamplssfhsxapepitance measurement

P he.-al '
prociie S AP SR ol b G AT T AIRAON g
tabldAlusivatecarpenaiplaoftha samoiiired noasuremehyat iyffaroat syagestg

t he nmeasured data. The al goyj ithin the co er
Chagpes § i pephessaltena g, LA Sheaoceeda; | *OaY s 0 pF
Chalifobt at /fR8HHerd, Al gakERem egpﬂsé-Pc@&ﬁ&kc paci t anoe o +3,0 pF

nmeasurenents at sone fixed frequency, for exanple, |ow
Chamber 4tr\guemcsi] patsyingtelledswith ESCtREB bbmrsktedt ,  t 0013080c#,0 pF

Chal%%gr e{%%atch{nln?gﬂ Bg?smf?lgtgllgf v%ﬁ IS:‘SEOP(CB disconnected: 319.0+5.0 pF

[0020] FIG. 3 depicts a block diagram of the computer system 210 suitable for
implementing aspects of the present invention. As shown in FIG. 3, computer system
210 includes a bus 302 which interconnects major subsystems such as a central processor
304, a system memory 306 (typically RAM), an input/output (/O) controller 308, an
external device such as a display screen 310 via display adapter 312, serial ports 314 and
316, a keyboard 318, a fixed disk drive 320, a floppy disk drive 322 operative to receive -
a floppy disk 324, and a CD-ROM player 326 operative to receive a CD-ROM 328..

The system memory 306 may contain the algorithms described in FIGS. 4 and 5.

Many other devices can be connected, such as a pointing device 330 (e.g., a mouse)

connected via serial port 314 and a modem 332 connected via serial port 316 Modem - - - -

332 may provide a direct connection to a remote server via a telephone link or to the

Internet via a POP (point of presence). Alternatively; a network interface adapter 334
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pl asma processing systens. In a capacitively coupled

RF plasma etching system the chanber hardware parts
WOe0s/¢d8®t i t ut e RF path are seen (by the powerCTaEs)04/037408
as capacitors for which an equivalent circuit can be
drawn. Therefore, by neasuring - capacitance of each

and every conponent on the RF path, the overall

' f I t chi ng, system can be .
R B Ferfice o R (TR e R R o AR ntvork intertuce
sysipmdinbwnds (e skifedpeme bitgakl, Bhephet kst gﬁéﬁ%{'ﬁwd

chanber, as well as indi vgdgal part’s, cdr%p nent's, ~and
har dwar e assenbl i-es can be established. For exanple,

capag| t rocedyre e carried
(00215 o T er i TR aRHS SR ha GO F e ey beanected ina
sirfiiddrineamnery Alsadt 8 riot hetebday 8% afilbr ATERIRs g{owzh%fm. 3 to be
%\CI tance neasurenent at different stages: amber

ca
pregf:r% P RESHtRthe present ipygntion, andiscugsedbglowedBirthermore, the devices

i ; Lhanber at here,_ al
850085 L e R AR Bp DR B . e
opehtierbelia cimpraensysiemasuch pethassHowat ialFI603 W rehdiE3n RN the art

.5.0 pF Chanber at Vacuum all parts

d: 309 0
ang ﬁ%ﬁﬁ{s@wsﬁ yfletadin this applicaiancoras aot R Lyeomplicas the present
. 1 F i O Le f h {
e S 515 P Preso RN AL AP RATL oplrdfly iRl

system 210 sui't
systane siemory aleort Stored oAstarhgemedia skdhGs fXed AKIBROCTlossadis 324

j es a bus 302 which. interconnects major

oréé%%?fg/{:%%g such as a central processor 304, a system
menory 306 (typically RAM, an input/output (1/0)
controll er 308, an external device such as a display

[0022} cen 3HHG.ia adlospdiagrasuisohtmati@lly  illestwating a posthl B4 4
d. 318,. fixed di.sk dri 20,
ooy e DA G Bl e i

+ presting knvatdon. ighifatROY] HedrSiinddd ChaRsL: 30k Vs [ ve
CD; ROV 3aBEtl él'%a S)ist gzrangyrrermry 306%3?/’%3%?%{@&? e

a 8. .. e
Presiuo i el conpuvpbile hadware prrigand Bssemblieyy Thehmwer
' S._a _pointijng. devic

s, PS8 ERcReRERAL GRS UGB RoRRLY LIRS
measureddepacidcecara discommteted drdie teadromell cBdfber ¥0de Wsing a
co 33°§°rn?<¥'§(r ovi&de 1;:1 irect connection to a renbte server

TR U EFEPRG TP Hie caPadiignegimeasuing dewiee 20%isglqpieally
coupRAitd theHottBhEI&RAL 20@%&%@%@? &?@%Q& L shown) and to

I nterface adapter 334
the gropndedsinabenz408

[0023] At 404, the capacitance measuring device 208 measures the capacitance
between the bottom electrode 206 and the grounded chamber 204 of the stripped
chamber 204 at atmospheric pressure. This first capacitance measﬁrement is recorded in
the computer system 210. At 406, all chamber hardware parts are installed in the |
chamber 204 and the chamber 204 is pumped down to a vacuum. The capacitance
measuring device 208 measures the capacitance of the fully assembled chamber at
vacuum at 408. This second capacitance measurement is recorded in the computer

system 210.



may be used to interface to a local or wde area
network using any network interface system known to
WORG8¥054%80| | ed in the art (e.g., Ethernet, xDSPCT/US2004/037408
Appl eTal kTM . [0021] Many ot her devices or subsystens
(not shown) may be connected in a simlar manner.
%so, it 1s not necessary for all of the devices shown
0024 FI . Af 416, the commasiassystem 23 somipetes thedimt @pecitance

T WP T T a—
Thediirbif refegstice walus répgrogents tBé c5iaeidhek bf E'sﬁppﬁ] g]%—zﬂxg?% without defects

0 erﬁltion of a co%uter system such as't
at afBpqspheyic; nyessuped i The fenbirierense valieanay beapbtrined byperforming

js j Ll 1n..thi |j.cation, so.as pnQt.to
st AAAET: SLRRRL conalite Yo RPRAR BB 4 A e ST of it
chainbrrs @ passed thrpigtEaBhufheeRd helesmYisie aQPEsifbition.

di sposed in system nenory 306 or stored on storage

medi a such as fixed disk 320, floppy disk 324. or
' ROM 10 ' ow diagr am .
0088, 383l 896k e b e S o  socid

rangeraf tii! frstrefiremng valyel areRamplei Rgigs ¥E 1) 1he caRHatet 8736 210
ijrent of the present invention.

W th one d
alergh Brse gk b plasm RS eB EiaAment copfprmg manufacuring
. i . |
ekl B, A oy SRR o
to bpehasketifor pessibile ilprpeschamber asstrablypinadéquatatbrque requirements,

i nfl h d [
andgP SRRRSIAR mhS arrons oieh drmpratn ek lien s P boaY Tobids
amofg oftRANAKIsO4n elbOFoRRNBIR @nfekdd uﬁi@@d&%’? g%??%&tﬂﬁ%, etc...

measuring device 208 is electrica cou ,
Inadgghatetoraieseqyirmentomay hapneg when aREsseobdy isfeeapled dob gty or

too S RRAINE pokd R R SRS BRHES PeCabin hGikinaL ¢ ne
manufiptcsrtsparifications WEBNabdve eRahpRELRIRE ie@iifo 2R Findhbg iy

r ounded ch’zfrrber 204 of the stripped _chanber 204" at
way g{‘ﬁ%ﬁg‘ﬁh@?’ﬂb ppieblemsanayreyisf if the firsteapreitancereasurement does not
fall WRERYEEHR ' corded in the computer. system 210,

At 406, aFfflegE%{{ er hardware parts are installed in

the chanber 204 and the chanber 204 is punped down to
asuring device_ 208

oac il Thcanscance, aching s fcelton
meafR@HRR withla seéSed iR Bhce e sIdtkd in Qt‘ealr)&% RECHIPOES system

&9
measurenent is recorded in the corrpg
210. The second reference value represents the capacitance of a fully assembled

chamber without defects at vacuum. The second reference value may be obtained by
performing statistical analysis of chamber capacitance values obtained on a number of
similar chambers that passed through manufacturing and establishes the specification.
This specification may used for quality control purposes and may be an integral part of a

field startup procedure for chamber hardware verification purposes.

[0027] At 416, if the second capacitance measurement deviates from a specified -
range of the second reference value, for example, a range of 10%, the computer system
210 alerts or notifies that the plasma etching system 202 does not conform to

manufacturing specification at vacuum. Therefore, the plasma etching system 202 needs

8



system 210. 7 WD 2005/ 054880 PCT[ US2004/ 037408 [0024]

At 410, the conputer system 210 conpares the first
WO200%9543¥ce neasurement with a first referen®ETMNRII/037408

stored in the database of conputer system 210. The

first reference value represents the capacitance of a

stripped chanmber w thout defects at atnospheric

to ‘geg‘fl}%ﬁj‘{ffﬁgggsgi(b I @rpé%{cgéﬁgg%\é%@e, lgaﬁéqggtp ct)gbrtqaelz ?e%glirgrsr/lents,
SubSRRASHEANG ¥ hd R QARALIRcIRM R DMK/ ar i AflIustrated
ssed t oug a

chanbers that p manuf act uri ng
abays; MIrpR ebamberpsseintlily ataydnclufORR6lg dtherdhiRigs,iah dldvtrode not

fi i t re t deviates froma .
fully L°é§{efeu%2§&?¢ea%§@$@ﬂ'ﬁ?ﬁiﬁwﬂ?@teﬁ‘r- of biPdeatcygrve requifements may
h ke
a@ﬁm £ an aSSEﬁi!Bfg_Bis %u%lgﬁ/ ‘%oot ﬁgﬂ 68 Bﬁsi ?’ﬁﬁ%@%@%‘g l%m%%gmy .

. alerts or noti ies t at.t_he plfasma etc
inclpde paripthatcdmaasrsatisfy theeoriginal tmanufayturemspecificatidnis 0 Thatbove

i ... Th f , he. pl t chi .
xR TSRO BE SRl FO5 itk YRk R nf Db R T stoRfsr oy exist
if tied RODRT caPaGRMBE theadufRAGRERESNSITAN WathiBRL sH IR Snge.

and/ or substandard parts anong ot hers. | nproper
chanber assenbly may include, anong other things, an

ctro {. I .centered. upsi own baff.l es
o0 T e 3tis b oW A Bt O WliBlt f Bt ormy
troutdgsheotingeplasina askiagisystetn 00 b BEREIAOOwith dhbth¥r &hbodifent of
oose., Suhstandard parts may include parts that do not

|

the praseutinvenian., Beginning at §dh haehamber 204 at ptmospherisrmyessieeis
' t pELTHIOCHY

SrFQPUIERT A Brn A paiB 3 al@uben. AT 84Bdd LBV, e,
congapaide ha‘gwermts MMOOZG cith 411161dhin§§,qdol\vewsﬁﬂ1\ili6s,tﬁﬁﬁted circuit

specCl I 1 range 14, the co ut er sstem
bwﬁ%@%‘ﬂ%‘g%f&%@“ﬁ% C&Eew?gaﬂ%'&a%ﬁtlgﬁe dhe iﬁgaggmdéﬁﬁ%/ﬁltam #e
discdnf€i&NFom hS IRy E@i.#_ﬁgﬁg%rc% dtor! 1 eﬁiﬁﬁeﬂg @%ﬁg,o{he

conputer system 210. econd reterence valu
capagishesaniaring dedep @8 isaletriaily aofipikd to the bettdnh etbctrode 206

e TR R AR iR e Bt R eroiie g 204
statistical analysis of chanber capacitance val ues

%ﬁt ained on a nunber of simlar chanbers that passed
[0023; ough Hetds Hercapacifgnesmeasyriag dpwpe208 measures the capacitance

betwiaGhe b&Rih Bfctrode 206 and the grounded chamber 204. This first capacitance
measurement is recorded in the computer system 210. At 506, each consumable and/or
removable chamber hardware part is installed one at a time. After each consumable
and/or removable chamber hardware part is installed, the corresponding capacitance is
measured while the chamber 204 is at atmospheric pressure at 508. The corresponding
capacitance measurement is recorded in the computer system 210. At 510, the process
reiterates back to 506 until all removable and/or consumable hardware parts have been

installed.

[0030] The chamber 204 may also include a lid (not shown) that can be opened
or closed. At 512, the capacitance measuring device 208 measures the capacitance of the
chamber 204 at atmospheric pressure with the lid open. The corresponding measured

data (the capacitance) is recorded in the computer system 210. At 514, the capacitance
9



This specification may used for quality control
pur poses and maybe an integral part of a field
WO289503#838r ocedur e for chanber hardware verifi ®ETTUSRA004/037408
pur poses. [0027] At 416, if the second capacitance
measur enent deviates froma specified range of the
second reference value, for exanple, a range of 10%
meabiFgCRYRUE En?éﬁﬁr@?{he%}i el oF tﬂ{ cl{é%ﬁfef" b6 af MAbsfHfc
pl asma etching system 20 0es not confofrm £6
presstae withchelid oipssd eThd ¢rmspamning mvanredrdataisalsefroceded inghe
| asma, et ﬁm)g‘g géﬁﬁ em 202 needs 8 WD 2005/ 054880
COmPIEF Y8 bk, therapacitoner weeruriag dpyse 208 meatHsrsiher
i t il e :
R 204 A Wi L B B1oh a0 e R oncing
measveed data dy aiso mcoidad in the comiputet sytemd21@bove, i nproper
chanber assenbly may include anong ot her things, an
el ectrode not fully centered, upside down baffles
qpst al | eds18t.41 ¢ : |
OO an ShoAS e HARER BT GRS el RO TEY M coRitance
measurwgalevise 268 and storedda thescommputerisystbmd Opae ¢anpared with their

condi 5 tu Rt B RGBS e a0

The S6R¥re@/vahisd ropesnt BRISp&ViBneY S G@ﬁ@nmmﬁgk em 202 Wiout
second capacitance neasurenent does not fall within

defeetn gt eashstage oflinstaligtion. | Dopwference capncitance valuswnetiyagrbtained -

[ ' ' t-hod far .
ey EARTRLLARKI A1 bR AR BB e g on  mamber o
simifa¢ Chenglsors thatipdsbebtheduiza im anifiedirenind @btablishes fHeapetification.
i nyentj on. Beginnin , .the chanber 204, at

g _at 502 . . .
The raading fram the peasyredicapacitancesyalyes should ba cpnsisien it epecific -
r [ ihed:

VS g e g e i B R
trouljesbeotisgippl i es, printed circuit boards, and ot her

el ectrical conponents that influence the neasured

capaci tance are disconnected fromthe chanber 202.
[003251 NG aA¢8DOE IR meabtred @XM e Yaftleh BevihtBFrom a specified range

capaci t ance ‘measuring device 208 is electrical |§’/
of theig gpiresponding mefetsnce vatnes, thetaouypute Spstemn Bl O alyhts an nlifies that

oo B 15 S S e SR
ThereBe, IRAFlUERS efchidg GfRad i 203 Meeds tb Bk vE&Iked & §iblé'lh1tp_roper- .

el ectrode 206 and the grounded chanmber 204. This first
charqbgb asembhe énadequate torque applied to coupling means, substandard parts,

missing hardware parts, chamber wear and/or arcing. As illustrated above, improper
chamber assembly may include among other things, an electrode not fully centered,
upside down baffles installed, etc... Inadequate torque applied to coupling means may
happen when the torque applied to the nuts and bolts coupling hardware parts together is
inadequate (too tight or too loose). Substandard parts may include parts that do not
satisfy the original manufacturer specifications. The above examples are not meant to be
limiting in any way and other possible problems may exist if the capacitance
measurements do not fall within the specified range of their corresponding reference

values. L.

10



measurenent is recorded in the conmputer system 210. At
506, each consumabl e and/or renovabl e chanber
Wos2odses4ssopart is installed one at a tinme. AfteCTameins/ 037408
consumabl e and/ or renovabl e chanber hardware part is
install ed, the corresponding capacitance is neasured

whil e the chanber 204 is at atnospheric pressure at

0058, e AR B L S R L R e e
. plagf]@@t@ﬁiﬁg sytbth 20269 SsoRaml thOd&10E 1o fd firsEdemok S6TD wadbLE

d/ or consunabl e hardware parts have been install ed.

conp@oadds haevartparbisstalighthatlasa measired caprceitange) valyabat
subSAI et Ples R Forftine Bsf i BRaci Phee Vil °

capacitance of the chanber 204 at atnospheric
ressure Wwth the Iid open. The correspondi ng neasured
(003

a (t hEbepigeessesasdeycribed i EFSipndy mppalse hpysastfor

. 514, .th i
corfih B Hoeherdubednnat yithd YhEr EBe0plth Bl flfled o
- impedpeel (Theaecadired bapacitaith of iikhamber20Mshphildrdogrelate very well
_pressure with the lid closed. The correspondi ng )
wﬂﬁﬁ&'@%}ﬂé@ irppgdangesofihe chamhes 2B o Thys respectivastignds apd s5afivem
ot in Hhaghifide O£ ol SRR hYVafrelFREA Spioiin HEfy/safi 88 cxtablshed
andwised fareoubledhadtimg @ihsmalpro@ssing sysieml fngts. Thersforedhelptesently

. 1.s also recorged ip the, conpute sfem 210. [0031] At
- disajqssd cappert H@Yﬂ’éé‘é @&oeaﬁafg& b R dtube 8\1‘ a’éas'%sments as
pre}iBBsi§ ARREstance neasuring device 208 and stored in
tlhe conmput er system 210 are conpared with their
correspondi ng reference values fromthe manufacturer

eci ficati.on of .t he, chanber. 204, he. reference
0038 e A Emodimi el pplisfons of bl GtRh 1€ heap shovn
andSdeS &2 voilld Boappareefoahibse skilledas thesdrbBeinY the benefit of this
installation. The reference capacitance val ues_may be

disgipsuas thatmany mese medificationstthan weniieed ahaysase gogsible without
' -0bt-aj e
dergEEOm SRERGA ROER Bl RRiR r AL BRpSh, BepbftieCls 2 o be
restéistedlexb e és tHeipirk p€ thefapparidedrelaim§he reading -from t he
nmeasur ed capacitance val ues should be consistent with
a specific tool set and hardware, and can be used as
a benchmark for tool matching purposes and

11



troubl eshooting. [0032] At 520, if the neasured
capacitance val ues deviate froma specified range of
their correspondi ng reference val ues, the conputer
system 210 alerts or notifies that the plasm etching
system 202 does not conformto the manufacturer
specification. Therefore, the plasnma etching system
GPR1IMeeds to be checked for possible inproper chanber
assenbl y, inadequate torque applied to coupling neans,

foar 2nariss fgf"lée%ﬁﬂgg. ﬁﬁf?‘f E%g?ﬁé%e“%&%w%%?n%?%?%ﬁ charmber
B BB o B OP b F iR OB LD de. down baf i ce.

installed, etc... Inadequate torque applied to

c oupMGAgUHEH Brshagpaciiass ealugherveeh she wttgueel egipride end the

the nuts and bolts coupling hardware parts together is

grovaded) dizenebef abatntosplidre;or t oo | oose). Substandard parts

may include parts that do not satisfy the origina

manufigtdlif € corspp@bleitaadv 26 partsioeheRudepxanpl es are

not meant to be limting in any way and ot her

poss n

oas trenaoP L E0R PR cl ik phiNRef BRI gde ang e
[ rre ndi ng reference, ,values.. 10 WO

B SR HET BET U0t B0E FvsSFernenasremitie

met hod of FI 5 may be used to better diagnose the

hﬁF%%ﬁ%P%F%ﬁ? g system 202 by isolating the defect to

the first renpvabl e and/or consumabl e hardware part

i nst &PMperingwpid fess capagianse velde sdtheciitstretaencal valies it second

substantially deviates off its correspondi ng reference

cepgemiceante widl aisecohd Bddlenddhenlyy, acidemey ans deeaaint Befdefects

in FIGS. 4 and 5 may al so be used for <correlating

imieldsalagienss 'g%%iﬂ,%ﬁi 13 #HiSsecld ' '
invgkseﬁgﬁrela?% to inpedance?cThgeﬁggggﬁgggﬂgﬁaﬁhéh/

int: |_at
i AL S Bl S e R R T
[ t d L at i ... ch [ i tud
cHFRRRED oY § g LR S AP EuteF i FRBOAS R O ot
established and used for troubl eshooting plasnma
VEYEessi ng system faults. Therefore, the presently

2. The method of claim 1 wherein said consumable hardware parts further
comprises individual parts, components, hardware assemblies, printed circuit boards,

and power supplies.
3. The method of claim 1 further comprising:

measuring each change in capacitance between the bottom electrode and the

grounded chamber at vacuum after each consumable hardware part is installed; and

12 ©°



di scl osed concept may be used in conjunction with
chanmber inpedance neasurenents as previously

di scl osed. [0035] Wil e enbodi ments and applications
of this invention have been shown and described, it
woul d be apparent to those skilled in the art having
the benefit of this disclosure that many nore

nodi fdogfdating §a&%ﬁn$@§gtrﬁa nEDONR 2 BfEreRASHIR I%Rres entative of

wi t hout = departing he 1 nventive concepts herein.
' | . | restricted
%g!g‘é%at%?nm %@g‘”"%&‘%‘?ﬂ’fé g’%fg?tﬁi}ééea%%l;e“r?é‘g%ﬂgf‘éﬁ%. 11 CLAI NS
1. A nethod for testing a plasma processing system
havi ng a grounded chanber and a bottom el ectrode, the
met hod conprising: neasuring a first capacitance val ue
het welds mefeodef elom bfusther eerapmsiogt he grounded chanber
at atnosphere; installing consunmabl e hardware parts to
t he oheashreng a thi@sapadiignee, acaandpleag deivieen tiee boadoueelectrode
bet ween the bottom el ectrode and the grounded chanber
adll thogduidedchh@beiaul0diad seldashaimdbIChdigivag paab d
consumabl e hardware parts; and conparing said first

capaGiadih Sai¥l b HQuibl a?d\twjir.re?%rtg ﬁﬂ&feﬁﬁﬁéfﬁg%%& Y@hartBtr%id in an

second capacitance value w a seco erence
Oégﬁggsiﬁ&g identify and determne any defects in the
asma processi ng system said first and second

reference val ue respectively representative of the
capaci tance of a defect-free chanber at atnosphere and
the capacitance of. a defect-free chanber including
5sai d Towneeihetheliclyiar 4ifiather pemprisiag:  vacuum 2. The

met hod of claim 1 wherein said consumabl e hardware

par t sndasuriper foucthreppdcitescel, ackitioshhate, petfvicsn tHebvROMEINéSrode
har dware assenblies, printed circuit boards, and

aR@ OB grouiiRlicBembet inditiding 84l QEnRfmdbl Ahdiivkarb Paftd er
conpri si ng:
wherein said consumable hardware parts further comprises a chamber lid in a

closed position.

6. The method of claim 1 further comprising:

converting said second capacitance measurement to an impedance
measurement; and

comparing said impedance measurement with a reference impedance value,
said reference impedance value representative of the impedance of a defect-free

chamber including said consumable hardware parts at vacuum.

7. The method of claim 1 further comprising;



nmeasuri ng each change in capacitance between the
bottom el ectrode and the grounded chanber at vacuum
after each consunabl e hardware part is installed; and
12 conparing each change in capacitance with a
reference val ue representative of each change in
capacitance of a defect-free chanber at vacuum 4. The

met hoidsdotifig 8didcdndutabReHar &R Hhdd WHen SR@SEbADGapicitance
third capacitance, at atnosphere, between the bottom

- shsskaats g e acaude Whorisn L0slydeg ol

hardware parts further conprises a chanber lid in an
open position. 5. The nmethod of claim4 further
conprising: neasuring a fourth capacitance, at

at nosphere, between the bottom el ectrode and the
grounded chanber including said consumabl e hardware
$ar t sThewhethed of slaind | datiswwainbasingr dwar e parts further
conprises a chanber lid in a closed position. 6. The

et hdderaffyinlgahédnsimbble dbrdPpirs tgingGQIRVREbA BoHsai d
second capacitance neasurenent to an I npedance

ABASHRhEI BB suréicht %ﬁpé‘féfé}gnc%ﬁljﬁg%é_ npedance neasurenent

wth a reference inpedance va said reference
i npedance val ue representative of the inpedance of a
defect-free chanber including said consumabl e

¢ardng$e arts_at yacuum 7. The method of claim1l
‘ur t HeR 2 § for tgsting ¢ plasmg § fgteruhayingihggradadehamber
hardware parts when said second capacitance
Fid adottamesiectiode sempripingi n at | east about 10% of sai d
second reference value. 8. The nethod of claiml
f ur t herapeotapceé sicagrerhele deviby covgpléde thogounddd chamber and the
hardware part causing a deviation of the
bottom electrode; and
a computer system coupled to said capacitance measurement device,
wherein said computer system stores a first capacitance measurement value
with the grounded chamber at atmosphere, stores a second capacitance measurement
value with the grounded chamber including installed consumable hardware parts at
vacuum, compares said first capacitance measurement value with a first reference
value and said second capacitance measurement value with a second reference value,
said first and second reference value respectively representative of the capacitance of
a defect-free chamber at afmosphere and the capacitance of a defect-free chamber

including said installed consumable hardware parts at vacuum, and identifies any

defects in the plasma etching system.
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capaci tance nmeasurenment froma reference range. 9. An
apparatus for testing a plasma etching system having a
grounded chanber and a bottom el ectrode conprising: a
capaci tance neasurenent device coupled to the grounded
chanber and the bottom el ectrode; and a conputer
system coupl ed to sai d capacitance neasurenent device,
Mher éihe appardtus offplatre © velyestie saidtcon@snald hdardware parts further
capaci tance neasurenent value wth the grounded

cofpitiey indilvi i PE RN EporthQ! B dWaR SRRt RARAMLIIARECEit boards,
nmeasurenent value with the grounded chanber i ncl uding

anB Ba,le}gﬁg gansumabl e hardware parts at vacuum
co%pares gald first capacitance neasurenent value with

a first reference value and said second capacitance
measur enent value with a second reference value, said
first and second reference val ue respectively )

Hepr ¢sBragEm sterage deviee eaagells byaaeachine, angiblyesbadying
chanber at atnosphere and the capacitance of a

peegramtof instmciidnsreseeutatileby thetimarhsra td perfetnah nethod for testing a
consunabl e hardware parts at vacuum and identifies

plasyna pedessing systenh havipg 8 grounded thanthes ¥sd £0dttokd eRcthéle, the
The apparatus of claim9 wherein said consunmabl e

mehési\eongprR@fd s further conprises individual parts,
conmponents, hardware assenblies, printed circuit

boar | ' 1. _A.program,stor.age
ocsy Sl FRVESHAL LR bHhce R SR RO e o

rogr of, instructions executable by the machine to
ggoé']n%g?hn}i‘aén%?ﬁ%tﬂmfﬂ}er?’esti ng a plasma processing
system havi ng a grounded chanber and a bottom

el ectsibng ednsumakle hawweasmprrtsdp g cheadeuri ng a fi r st

capaci tance val ue between the bottom el ectrode and the

gr oumerasuroigandseondatapactitansph@ne betivesi tHelbiortgmaodetsiotda bhdthe

hardware parts to the chanber; neasuring a second
geapded tlanter wevdseulpiaie gouhdal datberinelgii seleoaiitniie
hardware parts; and

comparing said first capacitance value with a first reference value, said second

capacitance value with a second reference value, to identify and determine any defects
in the plasma processing system, said first and second reference value respectively
representative of the capacitance of a defect-free chamber at atmosphere and the

capacitance of a defect-free chamber including said consumable hardware parts at

vacuum.

12. The method of claim 11 wherein said consumable hardware parts further
comprises individual parts, components, hardware assemblies, printed circuit boards,

and power supplies.
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grounded chanber at vacuum said grounded chanber

i ncl udi ng said consumabl e hardware parts; and
conmparing said first capacitance value with a first

ref erence val ue, said second capacitance value with a
second reference value, to identify and determ ne any
defects in the plasm processing system said first
‘and second reference val ue respectively

representative of the capacitance of a defect-free

Bhanbexe Aéthad FPARRELI B fidr EhBprig@paci tance of a

def ect-free chanber |nclud|ng sai d consumabl e hardware

part of 11
dﬁe%‘ﬁgﬂﬁ%%#“’ﬁh b5 TR S W o en T ST POELR ha e
|nd|V|d garts conponent s, harqmg assenbl i es
5Py h e ¥y T Sack g HEpfrcgTt 1 isgled; and
13. The method of claim 11 furt her conpri si ng:

neas ROIHgriag exrhohargsanicapasitpaesi widhe ecfrenceeeatua lopresentative of
bottom el ectrode and the grounded chanber at vacuum
cath eranga ohcapacismoabf £défactevaer chambet ativaciuast al | ed; and
conpari ng each change in capacitance with a reference
val ue representative of each change in capacitance of

a defect-free chanber at vacuum 14. The net hod of

ai ring a third
@ ai mrklnddied gfélgﬁpf@fuﬁé%g 1%@?%’% g

capaci t ance, nnsp n the bottom

e R P Su G SRR oL IR B oo
rdwar e urt her. conpri ses a_ _chanber lid in an

B gsgmi’qﬁcfﬁa\amﬁg m«%}ﬁ@naée SRR DRI Y PR o1

conpri sing: neasurin fourth capacitance, at

at noSyHERiB ; Saléépmmb?qi@rmrp oavtefusther oueprisand chidneber lid in an
grounded chanber including said consunabl e hardware

opem pesitioer ei n sai d consumabl e hardware parts further
conprises a chanber lid in a

15.  The method of claim 14 further comprising:

measuring a fourth capacitance, at atmosphere, between the bottom electrode
and the grounded chamber including said consumable hardware parts,

wherein said consumable hardware parts further comprises a chamber lid in a

closed position.

16.  The method of claim 11 further comprising:

converting said second capacitance measurement to an impedance

measurement; and
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cl osed position. 16. The nethod of claim 11 further
conprising: converting said second capacitance
nmeasurenent to an i npedance neasurenent; and 16 0
conparing sai d i npedance neasurenent with a reference

I npedance val ue, said reference inpedance val ue
representative of the inpedance of a defect-free
chantrempianiog salil igpekinde measuerndit evithar @imeree paptdanad value
vacuum 17. The nethod of claim 11 further conprising:

saftspftércs gmpedadce vialae ropdsentBavAyBn e irpddhtceMTactat-Fee

second capacitance neasurenent is not within at | east
chk@YEr AOYIRE 8@l dnSfeMIdniA 18. The

met hod of c ain11?§?ﬁrtﬂer %%& rlgﬁﬁgkﬂﬁgéntifying t he
consunmabl e hardware part causing a deviation of the
capaci tance neasurenent froma reference range. 19. An

pparat us fo sti a_pl asma_processi ng system
Wavi ee{ni}{‘%i?ﬂ{)‘g%}m ﬂﬁ%@?c%ﬂws&n%ottom el ectrode, the
apparatus _ conprising: neans for nmeasuring a first
capadiipgeféns spzl ermsiable dardwee potstwirnehelcec@dacapaditnce
t he grounded chanber at atnosphere, and a second
neeysareineans @ovalthie abkiavedout 109, obedid eBoBl RFtreREeyARd
t he grounded chanber at vacuum said grounded chanber
at vacuumincluding at |east one installed consunabl e
har dware part; neans for conparing said first
capaci tance value with a first reference value, said
second capacitance value with a second reference

al uey. _an for identifying and determ ning any
lg'ef e(;epthé3 Iﬁle%h?r%%n%?l@sﬁaﬁﬁ&%%@rﬁg’g:syst em said first
and second reference val ue respectively representative
of tH nil%%g (FeBfuRahdehasdwarepartcansing a deitionedithert

at nosphere and the capacitance of a defect- free
cappgipirae mepstgoiengirem alrefes¢ncomengenst al | ed consumabl e
har dware part at vacuum

2

19. 'An apparatus for testing a plasma processing system having a grounded
chamber and’ a bottom electrode, the apparatus comprising:

means for measuring a first capacitance value between the bottom electrode
and the grounded chamber at atmosphere, and a second capacitance value between the
bottom electrode and the grounded chamber at vacuum, said grounded chamber at
vacuum including at least one installed consurr;able hardware part;

means for comparing said first capacitance value with a first reference value,
said second capacitance value with a second reference value; and

means for identifying and determining any defects in the plasma processing

system, said first and second reference value respectively representative of the

17 o



20. A plasma reactor conprising: a grounded chanber; a
bott om el ectrode di sposed in said grounded chanber; a
capaci tance neasurenment device coupled to the grounded
chanber and the bottom el ectrode; and a conputer
system coupl ed to said capacitance nmeasurenent device,
wherein said conmputer systemstores a first
gagﬁg@npgﬂg%d@ﬁggg%@%mbw@ﬂ affpospletetangitlee capocitegieeof a defect-
chanber at atnosphere, stores a second capacitance
freachambepincluding atdeast ofe inktellgt ausaiagble hadbare pacitvdiugh,
install ed consunabl e hardware parts at vacuum
conpares said first capacitance nmeasurenment value wth
a first reference value and said second capacitance

NEas Uk SIRAa ¥t Owh&gh%.second reference value, said
first and second referefice val ue respectively

repre ive of the capacitance of a defect-free
chgnﬁggggﬁﬁ%aéﬁﬁﬂgﬁére and the capacitancelﬁfda
defect-free chanmper including said installed
cons Uhitios Fllﬁ?‘&gr‘{ésl’ﬁé‘?‘% ig said graensdgdchamber dent i fi es

any defects in the plasm etching system 21. The
pl asricapacitanee H@ﬁswjﬁiraénhdzﬁlcwh@qﬁedt_osm groondesiuhatiber and the
hardware parts further conprises individual parts,
dhoposiesttode; dndr dwar e assenblies, printed circuit
boards, and power supplies. 18 _
. acomputer system coupled to said capacitance measurement device,
wherein said computer system stores a first capacitance measurement value
with the grounded chamber at atmosphere, stores a second capacitance measurement
value with the grounded chamber including installed consumable hardware parts at
vacuum, compares said first capacitance measurement value with a first reference
value and said second capacitance measurement value with a second reference value,
said first and second reference value respectively representative of the capacitance of
a defect-free chamber at atmosphere and the capacitance of a defect-free chamber

including said installed consumable hardware parts at vacuum, and identifies any

defects in the plasma etching system.
21.  The plasma reactor of claim 20 wherein said consumable hardware parts

further comprises individual parts, components, hardware assemblies, printed circuit

boards, and power supplies.
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