TI TLE OF | NVENTI ON METHOD FOR TOOLMATCHI NG AND

TROUBLESHOOTI NG A PLASMA PROCESSI NG SYSTEM STATEMENT
WOR0REBEARFIED APPLI CATI ON [ 0001] The present appPCT/aEB200#037408

is a continuation-in-part of U S. Patent Application

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

name of inventors Arnmen Avoyan and Seyed Jaf ar

Jaf ari an- Tehrani, entitled "Method for tool matching

and troubl eshooting a plasma processing systent,

conmonl y assi gned ent Application

Serial No. 10/ 341, gﬁfﬁ‘ﬁéﬁeng ?ﬁ]ugﬁl 13, 2003, clains
METHOPROR TOOLM AT (NG H0D AR OUBILESHOD TIRS iAOPLASMA

Serial No. 60/414,108, fil ed Sept enmber 26, 2002, in

the name of invent BROGESBIN Mnd Seyed Jafar
Jaf ari an- Tehrani, conmonly aSSI gned herewith. FIELD OF
THE | NVENTI ON [ 0002] The present invention relates to

t he fabri calSTNTEMENGtEF R@mmmb&mmmmmni c
devices in plasma grocessn ng system Mor
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herc®@ber 104 therein. An RF power suppl y 106 supplies
RF power via a |ocal matching network 108 to an
el ectrode 0 in the plasm chanber 104. [0004] Chanber

wear and pol ymer ' asma processing

chanmber to pr oducgﬁﬁﬁ?mlgﬁgﬁ%gﬁlﬂs over a period
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hardware parts in the plasma chanber are used and )
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 processing
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



eventually need to be replaced. These consunabl e

hardware parts have a limted |ifetineusage. For
wez@spb#8s0 an el ectrostati c chuck (ESC) support POTyUS2004/037408

wafer in the plasma chanber has a typical lifetinme of

about 3000-5000 RF hours. O her problens such as

| mpr oper hardvvare assenbly may al so cause the plasm
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1ncor%§ ISSPEYi ded by the manuf acturer of the plasm
chanber. O her nethods include "eye balling" the
el ectrode centering for proper hardware_ installation.
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reference vaRyer DESCRIPTION GINUHEENSVENTEONNY def ects

in the plasma processing system The first and second
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The
hardwarengiia Ay ingtadechin the shamilist c A sgpeng %@6?1518%\{;‘3&’6%{1’8 bottgm
electfAaShl it $tofinded chamber is measured at vacuum with 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
[6008] The accompanying drawings, which are incorporated into and constitute a

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



part of this specification, illustrate one or nore

enbodi nents of the present inventionand, together with
wo b@sdetsad | ed description, serve to expl ai n t hBCT/US2004/037408

principles and inplenentations of the invention.

[0009] In the drawings: FIG 1 is a diagram

schematically illustrating a conventional plasma

t. ' d FI G
and, BeBHEE v dng dGH EeRioR 5% probbbh e R ERiSaha, 1 s
impléREnthiRIreRA0tdtig. a pl asma processi ng Syst emin

accordance wth one enbodi nent of the present
[0009]r1vent|bnthelét2®nn$ is a block diagramof a conputer
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syste‘ﬁmedméﬂdﬁﬁéé \wnhblpﬁsf idting a net hod for
troubl eshooting a plasma processing system
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Pr PR® SSis AG] SakSdigitambfacempten epstah thitzbie fdrtimpleatenting aspects
enbodi nent of the present invention. DETAI LED
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descrl ion of the present enti.on i
aﬁ\a 3 llow, diagfam &he@atl%lyaﬁuﬁtwﬁaﬁﬁ r&}&‘é{} 4 f'%ttﬁoflﬁlﬁmoc’“ng a
S dE WHESE MterhAMR b Ritédt lof the present
plasrgaggfcf:&%%%) est ce(fr)rrzse ves to suech skilled personsp
invehidoti. ng t he beneflt of this disclosure. Reference wll
now be made in detail to inplenentations of the
present invention as illustrated in the acconpanying

drawi ngs. The samppeiB/ENDESORIPTRINrS W ll be used
t hroughout the drawings and the follow ng detaile
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e_interest of
of  plasira PERCEAE P, PSRk L sl B Sl Rlind ot he
followAYBetailét d@@ﬁf)ﬂl(ﬁﬁ@f thed prewédt inveafios csuﬂeﬂratlbe only and is not

reciat ed that in the devel opnent such act
mtenc{%réﬂ@h@m any way limitimgr §ber embodlments OP the p é/sent%nventlon%h

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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i npl enent ati on-specific decisions nust be nmade in
order to achieve the devel oper's specific goals, such
W@300s08380 ance with application- and busi ness-pel/asmd4/037408

constraints, and that these specific goals will vary
fromone inplenentation to another and from one
devel oper to another. Moreover, it will be appreciated

. .that such a devel opnent effortmi ght .b | ex. o
i 5o R A LSRRt SIS0l LB 0R i goin
dEREREh o &f o R4 BKiIING theddrt hidapelefbentfi afakiy dissldstre.
Ofel n thlegart (r)]av? ng tﬁz benefit of th?s di scl osure.
[0012] In accordance with one enbodi nent of the

[ [ .ih ,
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comgﬁ{e'n%lﬂ prdc¥RageRf andRe datal shtictayseaEbd infplememsd usihg Yarious
latfornms, firnware, conputer prograns, conputer
typeb afopeagiing syaiedrsdPSysampalingplefenes, FEamaFe SOMPRIET RIOSHERS
can be run as pr Oogram r [ :
comi5: BBt s By BB PLBEERE  SHEPEIE A b o
progh@f@ed PRodesy fiinfing BH PRsc@sEInC idvithat Tlnprooéssimgeiesisyran take
and operating systens, or a stand al one devi ce. The
the forro o6 suMernVs SembiNGH aRferfiiEereasoTs it ORFERUNG Y SEWE Aty
such ha I ' i
R S N G ey
harda8s, RERIVERY bioRe feadpbbrabinytien therof.nEhe §dF0L8¢ may be stored on a
addition, those of aqrdinary skill in the art wll
progreis StgrpgecdavirsreyiBhledys BACHINg. ess general pur pose
nature, such as hardw red devices, field programmbl e
| ogi ¢ devices (FPLDs), including field progranmmble
[00133t e ar MaydditibRGhss fodlivaypkibkinghoat Mikedsoegnize giat devices of

a le%%\ééégfgérgpgé%gr?,asg& Iflqilge}r%l{\)fﬁgg H%éi:/gsg 1@%}%@&%@1@2&%& logic
devi:é%lsf/ Q%Zﬁﬁ@iﬁﬁfn@ Giefd (HOLLahn HAOPRe Ry sSPPGAs) ahd thifiplex

concepts di scl osed herein. [0014%; In .
progremomabriogicdeyisen P LD apiphesiiongbeeifie ipgraied circuits (ASICs),
[ ti t.h t hod i . . ;
o R0 o T b S pti OB) By taf 4R imenive

conddpikdibAbic@mes@nput er, nai nfranme conputer, or high
performance server running an OS such as Sol aris(r)

avai l abl e from Sun M crosystens, Inc. of Palo Alto,
‘ liforni t {deerd e @AinERR R hethod
[00%00, a&gﬁbg%ppgﬁcg 3@{% ecerlﬁ(ﬁ,ogﬂﬁ g%c(g)?)é%r afte %gnmof Reélrmnd? ?

mayV¥sinpleherted 0h a\dataipporessing sompstenduch e a Paisend gemgtiieng
system such as Linhux avail able from.a nunber of

worlsgiAio SomTEr. FATHERC RAPRI T oOUER RETIMARFBEFIYT Tynoing an OS

such as Solaris® available from Sun Microsystems, Inc. of Palo Alto, California,

Microsoft® 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.



mul ti pl e-processor system or in a conputing
envi ronnent including various peripherals such as
WO p@snsgevi ces, out put devices, displays, poi NnPCTYS2004/037408
devi ces, nenories, storage devices, nedia interfaces
for transferring data to and fromthe processor(s),
and the like. In addition, such a conputer systen1or
onputing envi ronnent na wor ke ocal | or
0015057 " 18 Tifoe paro B £ATm TS OB L 8F RpelpLas,
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are uset dtwargethp alasmagrecessad iddnis grrtone ophea% ot rpnovadeshadgare

h [ t
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g parts al so Feiu e, anon ers,’ power suio
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and GEESHRERN PR AR, DBNE QB RA Mgy
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- RF hours. An electrostastic chucks (ESC) has

a
hfetmmf@bbuﬂ 3006t3008 Rdt hewe LQuBTOIBrSHTE eRPO¢d (9 Blasma Aag g typical

...h |
e PR UBEE AL P PLe el Al oo
1000 KPheals. IA §BicbA€ aelfidédsi0) baf0e AiFa typitab lifefintsi dfi acbont 3000 RF

Carbide (SiC) baffle has a_typical Llfetlrreo t
hourgp@borrofipsdinary skHbinethe art 3yl @HHPW@H 3t|the %quﬁéie%ﬁf’c é(n | |

hardxx%? }? ?{s%%%ré (}qﬁfe %&Fﬁo%q\flﬁtlg §afd {hgﬁgthgxaﬁﬂﬁ\@&% gﬁﬂE bn B sed |

and that ot dwar e
withpaf depating ffaen &&adetthMCedsﬂmrdlm dgclosadn t he i nventi ve
concepts herein disclosed. [0016] FIG 2 is a diagram
schematically illustrating an apparatus 200 for

[001%1 oubl eghgos | sk @}rﬁ%ﬁﬁn%&hy MOsBYEHEER RArdths 200 for

cordance w e enbodi nent of the present
troublestenting a plabme epthasgrsystenc Bihig H@Y@ﬂmemﬂl prrc¢rprelimgnt of the

rqunded c r 204, havin otto e
presSHaR TS | B BIF5ER SHBG S&@F*ra%d%da%}“ L PRl 204
havﬁg%‘-’ﬂ%ﬁ()ﬁ dhidode 806 @ﬁ@g h eBandtser 404 44 sthipsedadfalieconsumable
The apparatus 200 i ncludes a capacitance

hardmpmsmd@ewrdﬂleﬁzas denqribed aONput er system 210. The
capaci tance neasuring device 208 is coupled to the
grounded chanber 204 and the bottom el ectrode 206. The

[001T7RPaci t AheQp ¥ 200 dnclieles @ @aRBammeaneasedng Hevice 208 and a

comggt%? gy:‘ﬁieg:{l] ng or ggégaepgc}tgn%e %eggunrgnegddegfﬂzg %g ris go%%le%ntg tltlehgrounded
chamber 204 and the bottom electrode 206. The capacitance measuring device 208
measures the capacitance between the grounded chamber 204 and the bottom electrode
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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206. In accordance with one enbodi nent of the present
i nvention, the capacitance neasuring device 208 nay
whegosisssexanpl e, an RLC sensor. Those of or di P@r/ys2004/037408
skills in the art will recognize that many varieties
of capacitance sensors may be applied to the present
i nvention. [0018] The conputer system 210 is coupl ed
whethd DO SRERELLATG BAPRR HOPRY G P TRAHEA U fber

hardwaR paitt arceenibledtdrhetly dpaailysing ehenmeasurddndnta eVhacagorithm
208. The corrputer system 210 all ows a t1 ,
withipdhg eqmpretetysterhel dyis Aather éts(%?ﬁsﬁ@ms%)‘%’iee‘#%@{)@e P Withggspset to
FIGsaqyang%f ects and whet her the chanber hardware parts are -
senbled correctly by analyzing the nmeasured dat a.
The algorithmw thin the conputer syst em 210 is
further discussed in nore detail ow wWith. res et to

[001%) Gs, 4CaprgiianceReTEMER|st P‘?Ta?]’@ée SRUSNEYrefAT SXAPIG N
frqueh&e(}S ‘Ijrtle%ir lfe?\%ﬁgg@cy troltEshBS32 ﬁatck Oa‘ﬂd{ﬁaﬁﬁ%%mb@ﬁféuﬁ@for :

Ies oot , tool natc artition chanber
plasth@piocessingrsyplems nmin pcqmeﬂﬁzlelyg:o&pbﬂ aﬁ‘plastma etching system, the

capaci tively couple ma et chj ste
chanth%ﬁeéww%haé calaﬁtit%feﬁq‘]an HRSPT {Wghﬁéo ‘i?
capa&?&?fdr%&ﬁ‘%} leﬁt%%ﬁlt 8h GAdawh! Therckse, Wh@ﬁbuﬁﬁg
equi val ent circuit can be drawn. Ther ef or €,

by
capammﬂ of esgheag avetyanugonént @a ¢1h1: RRgaty éwwvemﬂwn@mtan@mof a

plasipg Eing ey St 8 pereet SRT PERLARE R MonBPt i dBpegitication.

A sp%ﬂéﬁtﬂﬁtd{ Tyl ﬁiﬂy §ﬁ@ﬁ1’bfeld%ﬁin9& asAWSIP as irfdh\fiaﬁal ?ﬁrts;fcoﬁlponents
| y- assenbl’'ed chanber, as well as individual parts

and hmsdw@n@meglbhgﬁ darhbg @thl@hqis Jiosgkaaplecths cppacitance measurement
a

proc%cf : %gx(% ecg\;érglelczl%rut AR, cléalﬂ wﬁﬁ%?a%'dtn%% g rf%ﬁf{%ﬁhg

be carrle a wet cean

tabldillastehtdyam dxambte of thecdpatitamot Rgasidbhent dt kilfﬁﬁrelﬁts&tgean
exanpl e of the capacitance neasurenment at differ

Cha@b@@éé“m@ﬁ% Fllé’@f‘NWﬁﬂeﬁ’@ Pgﬁ dipeampecty rmve&%?ééé 0 pF

Rbotad: Al rmsrzbeloeﬁ 0 pF
Chaﬁﬁ% a‘? ﬁ%gggaﬁgeg%%% connect e c228 0 3.0 pF P
Chaﬁbardo éfracmtm Mabparts insthlledpwith Escm&bmmwu h ESC3088 5.0 pF

chas RS iy 52 e RS S5 a8 | BAS 5o

FIG 3 depicts a block diagram of the conputer system
210 suitable for inplenmenting aspects of the present .
[0020hvent i §H3. Jdepi¢toamldck diigtm 3f thewemputar sysfemeit0 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 (VO) 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 provi&e 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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210 includes a bus 302 which interconnects major
subsystens such as a central processor 304, a system
wOorRmsny48806 (typically RAM, an input/output (PETHS2004/037408
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
i.sk drive .322 operative to.receive a flopp
maf b EQ%/?z"g,lmsﬁg"eatoéé‘?ﬁé@f Bide,ura a5 O 08 Spnarworkdaiertyes
syseen{khd¥Mo3BSse skIRASY HetdR (BRSO HerdOO xIRY.. ABPLH e
al gorithns described in EFE%?E4 and 5. Nhgekg?ﬁgpb'
devi ces can-be connected, such as a pointing device

e. a e). connected vi a serial ort 314 and
100380 (& Intanf ol RH A& ke W RESYEEms [y RO Ry b awieea in a
simitaympieey] d@soa it ﬁ@t%c&@{lﬁ%lt A108F the devit&BbEnIBFIE' 3 %6 S

a telephone link or to the Internet via a POP (poln
preggnt oy pragiredhe prapans invaniiom ay diseussed bedow. Futtherhame, the devices
. u 0 k.nterface to |.ocal or _w de
and B8 Rins AT RRe TR0 By Rt R b e fEun kRl The
operamiorlhﬁfafisl(z%uiek Eejé%%? sﬁdlwlglsahit s&&wﬂ (ijn FIe ek E‘ﬁidily)kg%nb z in the art
\ppl eTa .. 021] Many other devices or subsystens
andél\gg?t Asysies inestal én !%ﬁmi%lﬁﬁtpﬂa PO as 'itid pegrcemmpheate the present
disctkS8n. €bdd B i | 0 he devi ces shown
sy, Chad & plenle SRSl BBl Bl AP G0
systemveemnoryr306as sthiredors sterhgb @ledist sukhiat Ared1aisk 320, Moppy disk 324
(g$¥k@§2ﬁgnd subsystens may be interconnected in
or “ways fromthat shown in FIG 3. The
operation of a conputer system such as that shown in
FIG 3 is readily known in the art and is not

[0028]s cuss UG 4 ideflawldiagrarh Istlensiohily Aluistatingsomathod dér t 0
erc licate the present discussion, Code to
trou R TR o o G YSHRD i Rcciianes, Wik 0B ke grent of the
sGhSipo&RIdn Begihnt AePhY i
D o oueh S Ao %%%?dﬁ%}%%{yeg?%ﬁ%%ﬁéﬁg&m
pressyeReirped of pld gountablg hagdware paifts and aisergblisn The power

' il lystrating.a, mrethod for .
sopeg e Bl oald SO &) Semr s ool e
meagnred capeitaivbadi dBdinnedted ROMAhE SRIVINdENMB P04, Using a
Begi npni ng at 402, the grounded chanber 204, at }
come&c?%s%ﬁ e¥aneplp a 4Ry the capagitance impaguiatg davicec8ss igblrisally

couglad YL BofGth tefecﬂg&ie ?ﬁﬁ@ﬁg%&lﬁﬁigg\gﬁﬁé\eﬁ rloggﬁgtl s,ih%\sz’vh) and to

printed circuit boa
the grompledehtmbed?2d. | nf | uence the neasured capacitance are
di sconnected fromthe grounded chanber 204. Using a

connector, for exanple a clip, the capacitance
[0023pasur i NG 408 \h€ apalarcd nfdaSGidd &Ride¥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 measurement 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.



coupled to the bottom el ectrode 206 through an RF

power feed rod (not shown) and to the grounded chanber
wWQ@0oebs5/0543823] At 404, the capacitance neasuri ngPOEVEZE4/037408

208 neasures the capacitance between the bottom

el ectrode 206 and the grounded chanber 204 of the

stri pped chanber 204 at atnospheric pressure. This

[0024] r st capdto,tthecemprassystnedl0 ¢anpaeesche Skt ichpdchience
har dwar e

ter, syst 10. At 406, all b
mea%%?@%n@%ﬂ ﬁgf énéf%f@aw YPH%%OT@H g%ﬁ@%%@asee;qf&wteé usterar210.

The 494 réf@r_eﬁ%@%gge Qgi‘@geﬁ’@ e éég&éﬂéﬁéeiqa—paestﬁgg@cdhtaﬂl%&e?m?wg defects

measurin vi ce 208 nmeasures the capaclitance o
at atfgkpheria pessivt e The fiastivefereate vaoe may &t obithed By ferfoenind
.capaci t anc asurenent is recorded jn the conputer
Staﬂétgfgf‘aéﬁi‘/ﬁﬁ[cg%zﬁ? GAPaGIRECT ViR ARSI ber Rt as
charfit¥®s fhif SelssctiRARch ANFRILTRR ﬁl‘éra?ﬂggltabmh(eg‘a %Jc'iﬁéﬁion.
reference value stored in the database of conputer
system 210. The first reference value represents the

pacitan of,.,a stripped chanber w thout defects at
00287100 o BT 2.3 08 fieeeBAands ereateot didases Fotes smegiisd
rang® BF the TREL rbfrdRE L AILE] 38 eddnilb, S dafi o MBd SoRputeh@AREL 210
capaci tance val ues obt ai ned on a nunber of simlar

alertg pewsiies thah the plassseeiching sygy¢m AR dpesctal comigra ol manufacturing

I.S speci fication 2 At 412, if t
specfthh 43RS rPeRl BRseuE T rhifroet B¢ Parbl i syftom 202 needs
to besgheckddi ferlpdssidieindiropét@hhinbért ask@hisly SRsRquate Yrqué Bdquirements,

exanpl e, a range of 10% _the conputer system 210
and/gn spstandsrd pasts smeng qthers. {mpropeehember essemblysyay nehuwleo

f N ecifi Lon

moflP S0/ S B SL OPRHACHU e LG Ryl ..
Inadeymtectnrg2 2equiredentsanehapgpes kbdn ko bssp@dBi ialcoupled tcad@thtly or
; lchan’ge{) %%é?fgb]l%é' inadf uat e torque requirenents,

00 Igpgs Gro rRepHclle Rath Habineetsatishfaprginal
man&HEHIRE spRFRARBLY TRYaHIIE kX 16@5?39% ﬁ’%mrto HB1iRE8ne M any

el ectrode not fully centered, upside down baffles

way ppdothed pogsiblet roblemts maageapisi tiEthe firs) wepacaentermensntementygtoes not
fall h@gggﬁ vvheﬁ (gn assenbly i s coupled too tightly or too

A WHEL L SBEYEEAHPEFd parts may include parts that do not

satisfy the original manufacturer specifications. The

above exanples are not neant to be limting in any way
[0026hd ot hét 41se $s amepyserctybiems? IPepmprtes tthe fecomdedpacitance
meast gag%%'tt @gcafsgggrgl_sr%%?gfc%tva R%torld gn tfh‘él ld!elta%\glste I?)'f %o}nlﬂgter system
210. The second reference value represents the capacitance of a fully assembled

T )

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



[0026] At 414, the conputer system 210 conpares the
second capacitance neasurenent with a second reference
wo alsesssored in the database of conputer systeor/28804/037408
The second reference val ue represents the capacitance

of a fully assenbl ed chanber w thout defects at
vacuum The second reference val ue nay be obtai ned by
perform ng statistical analysis of chanber capacitance

to b gherked Ssinpssible imprepen divelier esseaibly, ivadegirierinaqus Tefairements,
sub?tgﬁ’(ﬁ??}nérﬂr %Q%?ng%?cg&%%téag}[t%,:}ga Bgr \gga{r%g!ffgggr%frg, h i&lIuFttra);ted

speci T1cation. ation nay

aboe@itpripepehiapilie Sssemdly iy BRLaAR anfin@Gtiadr tHagd, afkledtrode not
field startup procedure for chanber_ hardware .
fully gentered nsisle dewmpgsites. instalderty picar Inadsquate terque sepispments may

i A\ | fr a i fi
hapfEP Rt e R 10 AL o XA S8 1ol 8% stBasr g may
inclndapretsahat oot kdiHicthepuighral SnatifaouzeGpedifedt®dndr The above
nok%fies that the plasma etching system 202 does not .
eXaPPILP GFTRY S SRBHGrbedIRitng dn amewrY prdpthelpassibleqroblgms may exist

ifth-Er%‘é&ﬁlfdgzraﬁacittaH@e Iﬂé%ﬁf%&& GOt %ﬁggﬁgﬂ%ﬂ@ g&g@@%&?

checke or possible 1 nproper c er as
i nadequate torque requirenents, substandard parts,

100381} st £ S b 0aw G5 pERTe AL Al St ey 15
trodbﬁ%hé@ﬁlg%’ﬁ?ﬁ%a@t&ﬁﬁg E)tyéé?ﬂ §|02 ﬂpa&bﬁﬁ%lé@gﬁh g?&cthéﬂgnlﬂyodiment of

centered, ‘upsi de dowi baffles installed,
the presehé snygneéon. oBegining qus 62 thenthe mivay/2(Ha pamosplenic gmessure, is

. ly i | ed t tightl . top | oose.
soidRR T el S Sk D mPliet OB S8 gbore e
con§iphdb¥d NarlWereQPattg irtdldeBbHeatheHtBingS PBHef Liuplibd PeintelNEreuit
above exanples are not neant to be [imting in any way
boaﬁho@l@tqﬁhﬁr%ysqabc@nm@mwh@ inglyeneg thetmedsured eaparitonet are

. I [ t n [ within_ the
s SHRRRA RUR SR LTI UARES sl fy B, e
cape&ﬁ:thﬁcgaahéaﬁ&ﬁhg dé\lid:dm?g iateldagioalﬁyfebﬁmaﬂ foahe 12)%‘[5011.1 electrode 206
t roubl eshooting a plasma etching system in
throjgh % BR MOt roth ok ehowmpBE grejnded ehgynleredd-
i nvention. Beginning at 502, the chanber 204, at
at nospheric pressure, is striped of all consumable
[002%dr dwar eAtPdd} the aaphcitsseenhédsesing Aovicke208 mbwsdrea iy eapatitmce

con | e hardware parts include. anpng. ot her {hings,.
ber{iGRANe Belsgh PIEGIOMA0RERE s PO e AT RE 2 nl Tt Hi Cipecitance
meaShi@fleht i§ #cofRANA AR Mot fulté sy steil BN GE 50BC40R 28ANuRhble and/or

capaci tance are disconnectéd fromthe chanber 202.
rem@gibigchambenhadwere, patids iestallegloge at ciiig, Aftve cadipaosumalrle
and 86?‘)1?%({?4315% ézgl?%/lhgr:ha%g\garle%aﬁlise 1Cnts alllgc?,ltilé/ cotres cl)r?dcliné gaptalgﬁance 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



t hrough an RF power feed rod (not shown) and to the
grounded chanber 204. [0029] At 504, the capacitance
worasosissg devi ce 208 neasures the capacit ancePOEUSEON037408
the bottom el ectrode 206 and the grounded chanmber 204.
This first capacitance nmeasurenment is recorded in the
conputer system 210. At 506, each consumabl e and/ or

bl nb d i S.inst L.
measFE AoeE 2 B g RS GBI BRGNS, PR REA 1 BRI
pressAd WWRKIR RAEIbsddS THRIZbAbRAdinkIeasRed @8RG MsH Secorded in the

capacitance is neasured whilé the chanber 204 is at

compttersyplenr116). priddSuthe capacias:e Mirsudng des¢ro(B measures the

capnGRRRER BEGRaRberty o1 Fotuoht whE G (ilpl, 1€ TR g
measufdd dat@]slaldoa0Bra8] B 1RO RputeOStearPIce har dware parts

have been installed. [0030] The chanber 204 nay al so
include a lid (not shown) that can be opened or

0059259, P51 40 ORGSR YA

measatiAB ABViCs DO PHESS¢H én Wetddripter kysler 220 arelddgnpared with their
correspondi ng neasured data ¥t he capacit ancef) i's
correspeitskinipreferpnacrialues digm be mapyiasrerispecifigatipaf theghamber 204.
1 . . ‘
he SRIGRANBSTEREUAL A0 B 6%, 500 BARISRR! Roiom 202 i
defeots bireathetapt of mbaisiibn. Tie referenes papuditngevahss ey Watbsained -

is also recorded in the conputer system 210. At 516,
by perfreminggatitigalcahisiad Fh@fgb%@p@ga@@sﬁiﬁ&mﬁﬁ ¢ number of
s ORGSR e RAMABLAERA Pk SR ki,
The reeding den the méwsured wppacganeypsiesskand bg 0aBistentiwith agdecific

t he asured capacitance val ues recorded .th
tool {e Snd R ANEE: FEn G HersodByh BEBpRTs o g g P pgses and
troublQIBYESY. System 210 are conpared with . their

correspondi ng reference values fromthe manufacturer
specification of the chanber 204. The reference val ues

1003505" oAbt ab BT uPE EfpaRlas BB BB Rtp SR anee

of théie b6 &peRdied paichadvAussaihe@dmipaier Bste a0 BREs by notifies that
p&grf orm ng statistical analysis of chapber capacitance
the plasmaeiching sistean2@mdess Aoherrrows tasthamaaptasasrsepailicafian.
; tb | ' . '
herBR5ESL HALRYANERVA 0 285 10RL A0S, AL AT E51E8S M mpropr
chantbep asseindh thadedusestosque ulpdli &btoconpling meinswiubstaadard parts,

specific tool t d h \ d, b d.
missi@g FFI?;%;:YR pglgsr, cﬁ%gbqa};qugﬁar \é\g{;%ggggg 1§ﬁ§rate% a %(\e/e, 1?ns_brc?per

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.

10



troubl eshooting. [0032] At 520, if the neasured
capaci tance val ues deviate froma specified range of

W0 b@sns54380 r espondi ng reference val ues, the conpor/@62004/037408
system 210 alerts or notifies that the plasma etching
system 202 does not conformto the manufacturer
specification. Therefore, the plasma etching system

2 b hecked ,f i b ' h
1003302 ot Firthermege ik o R61 G EIGpra it piRIRfF: GO e
| plasﬁ'ﬁil&&th [Py isthsd Y dBRCHARE fiRR kérBovablrdHansT

wear and/or arcing. As 1llustrated above, i nproper
consuhrabisdrardisare phit ynstedled ithat hasie measmed eapaeitanch valye thain

| ectrqde not . fully centere upsi de do ffles
subsfirEaly Pfatepe i cotphanuiih S B wigetBir i, o
coupling neans may happen when the torque.applied to
the nuts and bolts coupling hardware parts together is
[0034hadequdthe ptacgsses agdascubed ind 16804 end 5 Suaysalsenbrarsgd il t s

' hat d . sat. i
corifaing P PRSP Aol SR hBitiat s MpEN slzted to
imp&tRihcdTEBY mesuRAl daibifahétgof the aliambia 2 04—k bexrelpesatbwell

__problens may exist if the capacitance neasurenentf_do
withrroeaspiegid| impeddnicn of the chpraber30dd Thap gespegtiveisngds and relative .
carres i ef : Bhed
ot SRR R LSS Bnd BUlERuo IR baT it LG LA et dtitne
and pheisfoRtrotisIbihngtisy plaaha Bkedsing sysieat fanhys.t Tierelofe dhe firesently
_ the first renpvabl e and/ or, consumabl e har%@gre Qart
disclased eqmcapt maube Wied I CORIBRGHOB IVIERGREThen HRRe dg Bt faegsigments as
Laldy deviates off its correspondi ng reference
Iﬂﬁ@%%ﬁ%@igh%g'value. [0034] The processes as descri bed
in FIGS. 4 and 5 may al so be used for correlating wth

oS Real a SB hOR  SARIELGRAS Bl een snown
and \%E@sfll@i%%\n&,?ﬂ%ul‘afbet@ﬁar_@mmse 2RH1e8 ROt GriaRN IR tBé Benegit ¥f this

measur ed i npedance of the chanber 204, Thus
disctossreabiti manyt meredsodifichtions tanveentionpd AbRys arpopsipls witheut

of. their values and caortel ati . n e
depliph SRPL AT 6 et b DR BR RN ook 8 n6PH B
restiEtOE BSSelpNEh 1hY SHifinof tBe la%ﬁendé’dlﬂhﬁfmr e, the presently

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

di scl osed. [0035] Wil e enbodi nents and applications

of this invention have been shown

11



and described, it would be apparent to those skilled
in the art having the benefit of this disclosure that
worvg/osass@ nodi fications than nenti oned above BECEUS2004/037408
possi bl e without departing fromthe inventive concepts
herein. The invention, therefore, is not to be
restricted except in the spirit of the appended
cl ai ms. CLAI M5 What is claj is: . A nmethod for
testing a plasma processifig system havi ng a grounded
WhathaMigedand a bottom el ectrode, the nethod conpri sing:
nmeasuring a first capacitance val ue between the bottom
el ectrode and the grounded chanber at atnosphere;
i ngt nsuwa ;
L oo o R AR s RRE PR Befile b Eo\EARE fmber and

a botesth kRAIreds tid eBodBempligngr ounded chanber at vacuum
sai d grounded chanber including said con

hargaariag gdisicapasignesyales betyesnihg boftpwie ?%fﬁg?: prdihee

gmu}@éduc% ﬁfb'épataat&}){}%te reference val ue, said second
capacitance va VVI th a second reference value, to

I dﬁrstailling consursh] e haidnareapayts de flecthsmber; t he pI asna

processj ng system said first and second r nce

v aPgesy g R tonfapacisproRlng é?tww @F%Pﬁgm Zﬁfgr@ﬁ? gl the

t

grouledHIHLRE Aok iin FARTB Lndta A TRCPRCR el Rsumable
hmdeaﬂsmmnbhﬂ.hardmare parts at vacuum 2. The met hod of

claim 1l wherein said cons mabl. s furth

CoRPRPEE S| AT AP TE0E QMO orena, gy e bUBhd
cap a@ﬁa?tﬁ:mlalugsmtlpi ée%ﬁ(flre@éréﬂ‘dé' \IalLkéoﬁf Wentifggdd I@@Mﬁﬁme any defects in

supplies. 3. The nethod of claimdl1 further conpr|5|ng

the mwmoc@smacw(;@hangbﬁrshmm@md eiRrendsatalysapspepidvely
t
BB G R AR s S R AL RBlosPlery BT,

capaéRdRalof BdeRACHe€ ﬂﬁiﬁﬂﬁr ilehehpasid antamablehaniwaet partsate
val ue representative of each change in capacitance of

vacugngef ect - free chanber at vacuum

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
comparing each change in capacitance with a reference value representative of

each change in capacitance of a defect-free chamber at vacuum.

4. The method of claim 1 further comprising:

measuring a third 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 an
open position.

12



4. The method of claim 1 further conprising: nmeasuring

a third capacitance, at atnosphere, between the bottom
web@swsasde and t he grounded chanber i ncl udi ng B@i/ds2004/037408

consunabl e hardware parts, wherein said consumabl e

hardware parts further conprises a chanber lid in an

open position.. The nethod of claim4 further

conprising: neasuring a fourth capacitance, at

at nosphere, between the bottom el ectrode and the

5. O OPSiadeH bRl 4 TEkNABApRaing. consumAbI ¢ har dvar e

parts, wherein said consu l e"hardware parts further
conpeadsyang a feurtntapacitande,ian atmasplosre,bepwsdnt the bottdn eFotrode and

haod, af ¢l ai .further conpri.sing: converting said
the gg’&'gﬁ%d @E{B‘gbc?f i %ﬁ&giﬁl’éﬁ’é‘g@e%ﬁ;{%@ RyElance °
MeaghireiiRaid coRbtn ANERAG WAL Hls Suliim %Q%Bﬁ§esrﬁe&ﬁﬂfb%f'ﬁ@ tna

with a reference inpedance val ue, said reference
closedpesitinee val ue representative of the inpedance of a

.defect-free chanber including said consumabl e hardware

parts at vacuum 7. The nethod of claim 1 further

6. COITHd rBbthed of F1SRe ¢ tfiitkr Sagrisiapsunabl e hardware parts
when sai d second capacitance neasurenent is not within

at qoaxerting seidse@ul shpasipecespeashtgment tor aviowedaicgeneagurement;
The nmethod of claim 1l further conprising: identifying
t he consumabl e hardware part causing a deviation of

t hecoafiagiag s&d ¢RpeRas meaRIdmért Mithoa Feldre@NEPedAH falud; said
An apparatus for testing a plasma etchi ng system .
refeppnge fpedagee valuetePEssenipieye ofrfhe inprdenesnial dedtotdies chamber

inclG@AREA:81REs ﬁgﬁ ' ment device coupl ed

lnctoﬁgﬁé 5?%%%%%§ C gﬁ%ggﬁgﬁgpgﬁg&gbtton1electrode; and
a conmputer system coupled to said capacitance '
nmeasur enen vice.. 10. The agpparatus of claim?9

7 wh i’ﬂeq‘g%‘iﬁ Bpgﬁ)‘ﬁbﬁf‘ﬁ]h%,f}%‘fl@’iﬁlg%‘or es a first
CaRApet@FSid consumable hardware parts when said second capacitance

measurement is not within at least about 10% of said second reference value.

8. The method of claim 1 further comprising:
identifying the consumable hardware part causing a deviation of the capacitance -

measurement from a reference range.

9. An apparatus for testing a plasma etching system having a grounded chamber and
a bottom electrode comprising:

a capacitance measurement device coupled to the grounded chamber and the
bottom electrode; and -

a computer system coupled to said capacitance measurement device.

10.  The apparatus of claim 9 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

13



measur enent val ue with the grounded chanber at
at nosphere, stores a second capacitance neasurenent
wo a003@35488¢ h t he grounded chanber incl udi ng i nspet/UszhH04/037408

consumabl e hardware parts at vacuum conpares said

first capacitance nmeasurenment value with a first

reference val ue and said second capacitance

asurement val. with aseco reference val ue, saj .

secof FOHeBTa e St CrLPRy BHo80 fa sty T RLerperav repiBlchuaive
of thE BRSBRANE Y b \iBfeRf-frbHehadRAGI 4BIOSShedd arid m@fcsgcitﬁﬁ@e)fa

chanmber at atnosphere and the capacitance of a
defed dfeechamberincihdimgsridiingalled opgsemitde hardvard patts at vacuum, and
., __cpnsu e, hardwar e rt.s at vacuum and identifies
1den%t%§ aﬂ‘%k‘?@ p ﬁhe\t'ﬁ%snba?%gmg &Y¥Png system . The

appar atus of clai mwherein said consunabl e hardwaré

parts further conprises individual parts, conponents,
11. haTHewpraraesefimiimel) wherein seifl eansemphle bardvaze pardupbeter

com iR el mgr i PrEBERy PR ST E LR, PRRRE P boflgs, and

powEsH pligabl e by the machine to performa nethod for
testing a plasnma processing system having a grounded
chanmber and a bottom el ectrode, the nmethod conpri sing:

meqsurin fi . ' . .
12. ;P atpedl wakd A iGPARHAERER mEhte, ARLERShcGicRY biofham
of inkthSdtRdnb Eﬂ@u%mnmdbh&chm_e d@\@ézﬁommli mmt?d foheestirgearpla A sma

measuring a second capacitance val ue betwee e
procwmgcﬁwf@mel@tw%graﬁ@ﬂqdwéa@bW&bwghﬁls?m&{g: @'ﬁa&ﬁ}hﬁ’d
comﬁ .i‘g grounded chanber including said consumabl e

ar dvar e parts; and conparing said first capacitance
vaheasusinghn frsf ¢apstitaned ealea between the, bottaincelssttodndnd the

capaci tance value with a second reference value, to
groupé%?hapﬁ)eaﬁf&t@eﬁrgwmne any defects in the plasm

Pr ﬁ&%ﬁﬁg‘&ﬁﬂ:ﬁﬁﬁ@haﬁw& bdrfsab iR chafifiegnd ref erence
val ue respectively representative of the capacitance

of nmasieinect setomkcapheitrnee value hetmssp Hsrhottangelediwde and the
s SOREGHARES Sl S UMD L e
hard®agd park2aiher ei n sai d consunmabl e hardware parts

fu rcxt)m}e)erlring 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.

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

power supplies.

14.  The method of claim 12 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

14



conprises individual parts, conponents, hardware
assenblies, printed circuit boards, and power

waoslosesso 14. The net hod of claim 12 further PCT/US2004/037408
conpri sing: neasuring each change in capacitance
bet ween the bottom el ectrode and the grounded chanber
at vacuum after each consumabl e hardware part is

install ed; andconparing_.each _chan ' a ' :

i CHRER g BEGED B HEr G o aa e cvaes T ARG fuye of
eachicRaf¥A ChpRNGE A a AefRf-Get chiriferahvadoam. at vacuum 15.

The nmethod of claim 12 further conprising: neasuring a

third capacitance, at atnosphere, between the bottom

el ectrode .and. t h r gunded ch er including said
15. coﬁﬁ%ﬁ%&og oﬁg}awgggmggeﬁcgr’npﬁsﬂg? wherei n said
COomehiiRRLa thid d¥RtRanea) dt atrhesphbe! baospi tieasttamadieatiode and
lid in an open position. . The nmethod of claim15

16 h
the grotndaé chanabgsinclnding said sensumallehardiigte Ratapaci t ance, at
t . ey
o SRRUESS colS AR bR b By ke R Phdnlifer tidin an

opmﬁ@ﬁﬁﬁmwmherein said consunabl e hardware parts further
conprises a chanber lid in a closed position. 17. The
met hod of claimfurther conprising: converting said

16. SCTROARRAcIANGS HRASHofffEing! © an | mpedance
nmeasurenent; and conparing sal d i npedance neasurenent
Wi tieasuringfacfoanic eapanireda t atraadphere, betivden tfedrognmieelectrode and
I npedance - val.ue representati of .t he i npedance of a

the gyeyndet! -Cg’i“égerdwzﬁ‘{i%g sq1 EPQFGH‘TWS’?ES%%W%% Pethrabl e har dwar e
PalfSred] saf@EdHiMnable TARIVIEE PR Rikthel @infprises h BRImber lidina
conprising: 1nspecting said consumabl e hardware parts

closevhpositsai. d second capaci tance nmeasurenent is not within
at | east about 10% of said second reference val ue. 19.
The nmethod of claim 12 further conprising: identifying

17. thene apswymdcaiandwahé daigrsiausi ng a devi ation of

the capacitance . ,
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.

18.  The method of claim 12 further comprising:
inspecting said consumable hardware parts when said second capacitance

measurement is not within at least about 10% of said second reference value.
19.  The method of claim 12 further comprising:
identifying the consumable hardware part causing a deviation of the capacitance

measurement from a reference range.

20.  An apparatus for testing a plasma processing system having a grounded chamber

and a bottom electrode, the apparatus comprising:

15



measurenent from a reference range. 20. An apparatus

for testing a plasm processing system having a
w@e@dnssdo chanber and a bottom el ectrode, the BEPESANDUE37408

conpri sing: means for neasuring a first capacitance

val ue between the bottom el ectrode and t he grounded

chanber at atnobsphere, and a second capacitance val ue

be . C .

at TR ok s AR GERCIBRE SAtle bR Bl i A and
the grdurldedsharobe at fisicaphed, apdrasisomil @phdtadeavdupbstiveemdrRns

or_ conparing said fjrst capacitancgggal ue with a

f
bottqm eleftrody anddhe aropafissechamber awe B Ritherordadcchaberat

i f 0y ; Wﬁﬁgﬁanf' or
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