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SPECI FI CATION TI TLE OF | NVENTI ON METHOD FOR
w0 QB0iekl NG AND TROUBLESHOOTI NG A PLASVA  PREERBSINS30426
SYSTEM RELATED APPLI CATI ON [ 0001] The present
application clains the benefit of U S. Provisional
Patent Application Serial No. 60/414,108, filed
Sept enber 26, 2002 in the name of inventors Arnen
Avoyan and Seyed Jafar Jafarian-Tehrani and comonly
assi gned herew th. | ON [0002] The
present invention rel aIfEEs%?g %#wﬁgatl on of an
el ectronic device. More particularly, the present

invention relates to t n sfem for verifying
a plasma processing ﬁ?ﬁéﬂf D OF THE
Im&mﬁ%ﬁ%mmm@m @@TW@A PLASMA

i oni zed gases, such l asma etc |ng an reactive
ion etching, are i ncPB&HEE@SINGSYﬁd‘EMnce particularly
in the area of sem conductor device manufacturing. O
particular interest are the devices used in the

et chi ng process. Cmgktjmeﬂgpmagtmoﬂyct ively coupl ed

| asma et ching systens nmay be used in the processing
(OBWE”{ 2br | ErarBtenbrpREHi @RI o baneli o S. ReoisieaxshPatent
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Aggspedatyan asd SpyédekafiRFafanmeTeliranitdnd cpiasomly sssimbé herewith.
[0004] As the principal. driving force in plasma
formatien, the RF frequency and power should be the

nmost careful 'y contpelbadr PRRReVERTIONT ort unat el y,
this is nost typically not the case. FIG 1, for

[0862npl e, BieaweserFnmention relatesta ﬁatfa‘tpvzce‘-:Jmefsanmteq@mmdewce
ce b
MO e eGPt bR efig Men PR By R R R vping o

plEpRirogRERias 8y Qem.l 2 connects to Iocal aut omat ed
mat chi ng network 14 via

BACKGROUND OF THE INVENTION
[0003] Various forms of processing with ionized gases, such as plasma etching and
reactive ion etching, are increasing in importance particularly in the area of semiconductor
device manufacturing. Of particular interest are the devices used in the etching process.
Capacitively and inductively coupled plasma etching systems may be used in the
processing and fabrication of semiconductor devices. A plasma processing system
typically includes a plasma reactor having a plasma chamber therein. An RF power

generator supplies RF power to the plasma chamber.

[0004] As the principal driving force in plasma formation, the RF frequency and

power should be the most carefuily con_troiled parameter. Unfortunately, this is most

typically not the case. FIG. 1, for example, shows RF network 10 that produces RF power

for an electronic device and fabrication reactor. In particular, for producing RF plasma

generation, RF power generator 12 connects to local automated matching network 14 via

cable 16. From local automated matching network 14, mechanical RF connecticn 18 goes
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cable 16. Fromlocal autonmated matchi ng network 14, 14 March 2007

mechani cal RF connection 18 goes 1 14 March 2007 WO
woQomBeAe16 PCTI US2003/ 030426 to process chanpetudshos30426

Process chanber 20 includes cathode 22 that affects

process gas 24 within plasm sheath 26 to produce an

RF plasma. [0005] In RF network 10, certain

limtations exist. For exanple, RF power generator

12, while including solid state technol ogy, still is a

to bé%)és §%§ﬁ b hﬁoc%%ﬁ%ﬂ% Zﬂﬂclﬂﬂl%ec%ﬂfo ?? (P Qﬁéctgiymﬁﬁas gas

| ean roon1 oor space or mance
2hveithioriasnishiesih @6tte proddsearsRY plaafbhect ed by

i nstal |l ati on dependenci es due to generator placenent.

The objective of |ocal automated matchi ng network 14

[0065] O Pr omi Een&wrof 10, ¢b:edth hhﬁt%ﬂéﬁseém&f Fo%cal%%‘llggzrgﬂﬁmr

the RF power generator 12 to the RF |

el T o slg whie in¢lusing Sﬁhﬂ @tatmtgchméogm stél i achiuiléyeayetet that consumes
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1006 oREn ﬁ&iﬁt\&fl}kaﬁ'ébtédﬂiyﬁhﬁélldt@nmép&ﬁl‘éﬁm@d?&[&tﬁ erddatol PRbdment.
Wthin process chanmber 20, the el ectronic device, such

Th&sO‘%ﬁCélé’FnO@ Bwakﬁélit%?a%métchmgéleww& 1fintoetovilel ap efitcions transfor of
R T PR REA R0 120 Incate ool e Bl Bfpoors s 24 by
matehing thecwidely diffBIGHt impedarexs bétwedit REpowtr gdnlerat@Vi@randipricess

kn on dependenci es and variability due to
Chfiwg\é\{% Qﬁ gb ed mat ching network 14, the RF power

is primarily controlled based on a neasurenent nade at

RF power generator 12. Furthernore, even though RF
[0pRfder gen%%@ﬂm' limitation oRT) netererlp bhwentated topadcesoetmindies 20 itself.

Wil 668 M6 @b E 8 i M S S RARIS: witery
popﬂmﬁed wid protdasedupiathiove svald desed desull ARA & et depBition. With
eX| st man gt her e?Br obl errs assom ated with _the plasma

B ERror tW‘F’rfégTB O HTatoRsisho Fevi A BE: ceyvith
knﬁ% 15’%8 Lo dbhnd a@g%&h&ﬁuﬁ% 35 t]ﬁ 1hé&i gutgﬁﬁgﬁ matching

period because o er wea pol ymer
ne@'drk o] 4pthe R Feprsver mprimaﬁy |cnmmibdfoakmlrajumeasamio madanoRF

i nade e reg uire al so caus
power gen P or li Fuithermore , EVell ouglsl R%B}}/ower generator f2 for a given power

level consists of three variables of voltage, current and phase angle, known systems

generally measure and control RF power with the unit of watts only.

[0007] There may exist many other problems associated with the plasma
processing chamber. The plasma processing chamber may not produce the same results
after a long usage period because of chamber wear and polymer deposits, Other problems
such as improper hardware assembly and inadequate torque requirements may also cause

the plasma processing chamber to produce inconsistent yields.

[0008] In order to preserve consistent results of the plasma processing chamber, a
need exists for a fast and accurate method to verify the correct assembly of the chamber
hardware parts and troubleshoot the chamber plasma processing system.
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the plasma processing chanber to produce inconsistens March 2007

yields. [0008] In order to preserve consistent results
wofRoedsoqbasma processi ng chanber, a need exi ptsukfzasoss

fast and accurate nmethod to verify the correct

assenbly of the chanber hardware parts and

t roubl eshoot the chanber plasnma processing system 2
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DESCRI PTI ON OF THE | NVENTI ON [ 0009] A nethod tests a

pl asma processi ng system having a chanber, an RF power

source, and a matching network. An RF power signal is

gener at ed fr oBRIEE DRSGRIWEION QIUTHE INVENEOManber

i thout | i ti | asma wi thin the chanber. The
0BS5S R B S S pove
. ) . . ’

soRR¥WEAndS BRRhing¥REyIrk e AR FESSowr s{%ﬁgl dlB \%ﬁll&?étﬁﬂ gﬁﬁgm power

recei ved by tﬁe_ chanber is neas
sowxch é0 theahamberswithaut igaitingrayy lasmactithib ére chembem Fhe valtage of the

ke ent at | of,an i npedance, of fhe a r is
R o BAE R S g RE TP RESR G Br phase of Bl pwer
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val ue to determ ne any defects in the plasma

chambersogsiant. o valaptepresentpiivefandmpedasre ef thg chamber is computed
jaV e e f - .
baS R Yo et eyl i BRPRRE TR s R bl e
refeomoepalng tndetehnsnd aysiefats ialtheplesmhapoc@eingtsgsemnThe a¢fdrence
onstitute t.of this _specgification, illustrate
Vagﬁés apr%?tggger%? W@“c&@f@ﬁ@geﬁf“gg%mmq??&e ntion and,
together with the detail ed description, serve to
explain the principles and i npl enentations of the

i nvention. [ OBRIEF DESCORIPBICNOKGEHE EIRAWINGS a di agram

emati ¢al.ly. ] rating a copventional . network .
[0FII°CE, & i rirpat e B el SRR I BB ratEl i afsite o
paftlof shimsicifiviation, dhustra®- onfloFmoze érfibadifiems bBihe present invention and,

schematically. i|lustrating a systemfor verifying

togsithes with he Setailed dpserptioanierve tacplatmdthe pringiples ahbiniplementations
of IIpGi it of the present invention.
[0011] . In the drawings:

FIG. 1 is a diagram schematically illustrating a conventional RF network
for establishing a plasma process environment within a plasma etching device.

FIG. 2 is a diagram schematically illustrating a system for \‘rerifying a
plasma processing system in accordance with one embodiment of the present invention.

FIG. 3 is a block diagram of a computer system suitable for implementing
aspects of the present invention,

FIG. 4 is a flow diagram schematically illustrating a method for verifying a
plasma processing system in accordance with one embodiment of the present invention.

FIG. 5 is a flow diagram schematically illustrating a method for
toolmatching a plasma processing system in accordance with one embodiment of the

present invention.



FIG 3 is a block diagramof a conputer system 14 March 2007
suitable for inplenenting aspects of the present
wongesons. FIG 4 is a flow di agram schemat i caétiws2003/030426
illustrating a method for verifying a plasm
processi ng systemin accordance with one enbodi nent of
the present invention. FIG 5 is a flow diagram
schematically illustrating a method for tool matching a
pl asma processing systemin accordance with one
enbodi nent of the ' h'@q& .3 14 March 2007
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- rofROREREE HnRbivba BHE ST tafiane bavine e prac kit Sisglosuce.
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padescription to refer to the same or like parts.

[0013] In the interest of clarity, not all of the
routine features of the inplenentations described

(00831l 1 2R ROAeROFLIARSCAMBALE td rolind feafdtesTRMISE, DE

appreci ated that i evel opnment o y such act ual

in the
impiasheatations deéssribedhanein atesshoivmahnd deseribtd. ol wslhexfi chiuse, be
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developer to another.. Moreover, it will be appreciated that such a development effort
might be complex and time-consuming, but would nevertheless be a routine undertaking

of engincering for those of ordinary skill in the art having the benefit of this disclosure.

[0014] In accordance with one embodiment of the present invention, the
components, process steps, and/or data structures may be implemented using various types
of operating systems (OS), computing platforms, firmware, computer programs, computer
languages, and/or general-purpose machines. The method can be run as a programmed
process running on processing circuitry. The processing circuitry can take the form of
numerous combinations of processors and operating systems, or a stand-alone device. The
process can be implemented as instructions executed by such hardware, hardware alone, or
any combination thereof. The software may be stored on a program storage device

readable by a machine,




m ght be conplex and tinme-consum ng, but would 14 March 2007
neverthel ess be a routine undertaking of engineering

woaoogtodege of ordinary skill in the art havi ngp¢bes2003/030426
benefit of this disclosure. [0014] In accordance with
one enbodi nent of the present invention, the
conponents, process steps, and/or data structures may
be i npl emented using various types of operating
systens (OS), conputing platfornms, firmare, conputer
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on a program storage device readable by a
'd‘%g%ﬁ%h%‘%gh 14 March 2007 WO 2004/ 030016

PCTI LJS2003/ 030426 [0015] In addition, those of

&fﬂl nary sk|II inthe art will recognize that devices
[0 gendange Wil sebadimant of Ha presert invantien, theimethod
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[0017] FIG. 2 is a diagram schematically iltustrating a system 200 for verifying a
plasma processing system in accordance with one embodiment of the present invention.

In the system 200, Radio Frequency (RF) power generator 202 supplies RF power to a
bottom electrode 204 disposed within a plasma processing chamber 206. RF current may
flow between the bottom electrode 204 and the top grounded electrode 205. In accordance
with one embodiment of the present invention, the RF power generator 202 may be a dual
frequency generator generating, for example, 2 Mhz and 27 MHz. Those of ordinary skill
in the art will appreciate that the above example shown are not intended to be limiting and
that other frequencies may be used without departing from the inventive concepts herein

disclosed.



processor system or in a conputing environment

i ncl udi ng various peripherals such as input devi ces',wl March 2007
woubpuusorievi ces, di splays, pointing devices, npo®ius€Hsn30426

storage devices, nedia interfaces for transferring

data to and fromthe processor(s), and the like. In

addi tion, such a conputer system or conputing

envi ronnent may be networked |ocally, or over the

Internet. [0017] FIG 2 is a diagramschematically

! . _ ram |
(0018E S £ 7 Wil BERLENS dBhectE Il O asBuRfiang tobe
et ke o
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the bottom e 204 an e top groun
arpivelt tecoghizeibst théne eaist o mideTeeictyo it designefor mroehingnétwofk 210, all

e present invention, .the RE power generator 202 nay

oty RS by MRGEIR S Ripirmdric B AGRerd: | ng. Tor

exanple, 2 Mz and 27 MHz. Those of ordinary skill - in

the art will appreciate that the above exanple shown

(091U not |MsenseedlGis cpepled ta the Arstema00 atthe inpuhef the chamber 206,

' Lhout, d [ fro e

behREINEL AP RUS End BE M BIERT "R shtRR P P e
voligS AR 3NN fhaR A IS300 8 ROFA426 sighfl k8dcived Bt th chinber 206. In

network 208 connects the RF power generator 202 to the
achRR VISt SHPITBOH 98 L1 Presert Breriion: 11a 566 207 m bo, or

R N ARSI h NerfE AR PP

skillsen itheppatiariibrecogndzetbatrmartyevaFietigrovion tagn enmemy anZiQthasaahgle

St:}Itlhe chag‘oer 128(%. Those ff ordinary skills in the art
WA MPE LB s ¢ IRePIESIBEEVEHOLL 4" wi de var i ety of
designs for matching network 210, all of which

g(gé)erate % tuning to a mninumreflected power. [0019]
00l ensor 4 sompaereygismedl X gcaives thymeaswabdutafrontbe sanport 210

' h d the .
e g PR AR s s ey
whethetr sigeplasme precdssing Bestah dasReadfing defectshad Wheewiie chamber

s&vgnal recei ved Py t he chamber 206, In . )
haraware parts are assembled correctly by analyzing the received data. The algorithm

within the computer system 212 is further discussed below the flow diagram of FIG. 4.
FIG. 3 depicts a block diagram of a computer system 300 suitable for implementing
aspects of thp present invention. As shown in FIG, 3, computer system 300 includes a bus
302 which interconnects major subsystems such as a central processor 304, a system
memory 306 (typically RAM), an input/output (I/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 algorithm described in FIG. 4. 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 comnected 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).
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accordance with one enbodi ment of the present 14 March 2007

i nvention, the sensor 210 may be, for exanple, a
wdabdsageri€ur rent Probe (VI Probe) or a Networ KpeTus2003/030426

Anal yzer. Those of ordinary skills in the art wll

recogni ze that many varieties of voltage, current, and

phase angle sensors nmay be applied to the present

i nvention. [0020] A conputer system 212 receives the

nmeasured data fromthe sensor 210 (voltage, current,

ARG AP 5 ARt SRPRESET BV B8 SRR BB afocy or wide

arbzsn%tweﬂc wingemy mbaffa@:tiﬁteﬁgfh sgs'etrﬂarovﬁﬂel tl@cisab @bﬁl{éd in the art (e.g.,
ardware_part sse ed correctly by anal yzing

E&’ﬁ’é‘%é\b@ﬁ/é@%ﬁ%&@he algorithm within the computer
system 212 is further discussed below the flow di agram

of FIG 4. FIG 3 depicts a block diagramof a
[082Hput er Mgpny etherdeyicss ot aifisestéos (notphoovmmdyis conspeed ma -

.0f h t..i. ti . h in.Fl 3 . t
sifllad B CARD iR Bt ey 1553 AR Vi b iR 16 e
pré®indfo fadiey SeprBscat ivetordad @RISR HIGF.CBHMerRBfb, 1R devices

system nenory 306 (typical I'é‘ RAM, an input/out put
and)subyysteiinas) hedntenermneeipd indilferenl ways e thas slegwmin FG. 3. The

. . ) Cal
s T
and3fnotalidcsged yn détsil irdthisvappBeionpar Btriov & dverdopgicuke the present
dlgclélgﬁg% e&é\‘i g ?WZA' . ag&le%ﬁ%%gg%\/l l Wayer rb?;%%@%%?r ';;,;I)o\ggd }nosystem
m&ABHy08 o Borad @Pﬁtbﬁa@@}rﬁgﬁ%&l’?@sﬂﬁﬁﬁ di320} tﬂo%%"iisl@ﬁﬂ%r CD-

devices can be connécted, such as a pointi devi ce
R@BD328. g., a npouse) connected via serial port 314 and

a nodem 332 connected via serial port 316. Mdem 332

may provide a direct connection to a renote server

[0028 a telmEphonea ﬂbwlﬂia?mh@cﬂehﬁﬁbalgﬁmm&atm’ @ Beth&d for
of presence). 14 March 2007 WO 2004/ 030016

(poi nt . A ¢ .
traDlrs o063 BT RE OSSR RS SRR weaggordanerevit pre ¢mbedimanteof the
334 ' .
P i OB 405 4 SS90 hPchOAFY 05y
préssonerof about Poskors KTHd chdmbar 206emay be 4 Eclgan” chiinbar wigliout any wafer

RS o b N2 e i g Boertd n
chamber with no gasses flowing. For example, a low power, such as about 10 Watts or
less, at 2 Mhz or 27 Mhz may be generated through the chamber 206 without igniting any
plasma. At 406, sensor 210 measures the voltage, current, and phase angle of the RF
power signal received at the plasma-less chamber 206. At 408, the computer system 212
receives and records the measured voltage, current, and phase angle of the RF power
signal. The computer system 212 computes the chamber impedance from the measured
data.

[6023) Those of ordinary skills in the art will recognize that the impedance of the
chamber is a complex quantity related to the interaction between the AC current from the
RF power generator 202 (forward power) and resistance and reactance (chamber parts).
The following equations illustrates the above relationship:
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simlar manner. Also, it is not necessary for all of
the devices shown in FIG 3 to be present to pract|14mamh2007
woOhevspeeaent i nvention, as discussed bel ow. PCT/US2003/030426

Furthernore, the devices and subsystens nmay be :
interconnected in different 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 discussed in detail in this application, so as

not to overconplicate present discussign, Code to

i npl ement the preszznt lﬂj?énti on may be oper%‘lﬁhonie

di sposed in systemR #gfaoy§306 or stored on Eudli@de

medi a such as fixed disk 320, floppy disk 324 or CD

ROM 328. [0022] FI &=4Zisin@ fl ow di agr am scHhematiorcdl | y
illustrating a net rrfld_&g t roubl eshooting a plasma
processi ng system i a &rdance wi th one enbodi nent of

Whére 7 ip tiesigniedinté O tieUhamBaY RO tHeGedbtadkd2X 1§‘tﬁé%é5ﬂ£ﬁcb 0 is the
created.in the chamber 206 with a pressure of about

phasgragle, VTin sheoneasteed vebagarayd bis the thedsssad cusientrber
wi t hout any wafer to be processed or gasses flow ng.
At 404, an RF power signal is being generated in the

062 nber WWhchhanbgdapedankt oy bg affc@ied By aBy actés kAN as: the gas
such as. about 10 Watts or._ less, at 2 Mz or 27

Pf%ﬁ‘ifentéﬁ 8%%%%&8? BF awventha el eonditionsnibe gaopmsssire, thaRF
gringididol 9 v@dﬂr e’ afeﬁglaétgﬁent S%&lﬁ%?é‘ ]g:ﬁ%&ﬁﬁﬁﬂ%eﬁmg he any

voI tage curr se angle o
changgn atcur m:'éle\I&"dload sﬂhbasplhapnhmieazmﬁm:tﬁrthmchaﬁﬁﬁr wall or the
408, t he tem 212, receive %d records t
WERERE A’ 0)5%}'59&@ On GoRHNER o1 ViLiquS BFREesS ChAIE SmAcHENIR
voREMWaInd cabeRay il c_ﬁﬁﬁ%ec Qﬁ@tﬁh@fheiﬁ@&%b@&?th@%ﬁﬁdﬁ &s the
chanber inpedance fromthe neasured data. 0023]
Those of ordi nary skills in the art wll recognlze

008811y PeBRR B Ba b oo STV, R BT e et the RF

poWeF §19iﬂl tHrb@iﬁ thB Sactin SRNDer BeBEHIIR! B%ﬁﬁl n‘éﬁférﬁ?ﬁé le Qis

power) and Tesistance and reactance part
abdqt&0?,dhé mmsmgceﬁruaabonn gerd) Thed, that mﬁaeﬂin?,e ab fhee:hamber is mostly

reI at i, gnshi Marc 2007 WD 2004/ 030016
BReES W@ ue may e representative of the absolute value of the
1mpedance.
[0026] At 410, the computer system compares the computed chamber impedance

with an impedance baseline to determine whether any defects exist. The impedance
baseline is the mean impedance of plasma processing chambers of the same type in a
vacuum at the ti{ne of manufacturing, For illustration purposes, the mean impedance of a
plasma-less chamber may be, for example, 15Q. If the measured impedance of a plasma-
less chamber of the same type is off by more than at least about 10% of 159, for example,
19€2, possible defects may exist. In that case, at 412, the chamber needs to be checked for
deficiencies. Potential defects may include but are not limited to the following: improper
hardware assembly, inadequate torque requirements, substandard parts used, missing

hardware parts, chamber wear and arcing, polymer deposits. After identifying and fixing
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Z = R+ jX Equation 1 R=1Z cos 0 Equation 2 X =

IZI sin O Equation 3 1ZI=V/Il \Were Zis the |rrpedammamh2007
wohoddnsomakanber, R is the resistance, X is thepcr/us2003/030426

reactance, 0 is the phase angle, Vis the neasured

voltage, and | is the neasured current. [0024] The

chanber inpedance may be affected by many factors such

as: the gas pressure, the gas type, the RF power, the

wal | conditions, the gas pressure, the RF groundi ng,

_ the .

(o BEroHEl Bl 1L P ERIooBO AR B 5 Rens 17 o} AR 42 o verity
thesysteras t he pol yneri zati on of the chanber wall or the
weari-ng away of anodi zation coatings on various

process chanber conponents, the voltage and current

0 cha
5] e A R 7 O ol al B s

prpdupgé am{g¢eeof0iie&fctst K neRfay ’tpmbée tosidepey anyldd‘aghetﬂim;ma chamber

o DR Rebee 38 PSR RE Bee ndel, oe
. ortdasigil NPESlgQ ffw &B%‘aﬁlrb%@ﬁitldaﬁy Hﬁl%&htﬁlfg 4 1%@&&)@ Moolm?chmg a
conput ed val ue nma e represent ative of” the absol ute

Plagga proesssing éYSt@m!iewﬁ nce witke ene mlbaﬂlmenﬁdfeha:mmm @vention.

N T RS R A A T AT

exemples aboTib miTope dank ehanktzes 906 Ry ibs at“bleazﬁfeﬁmnbﬁlﬂﬁﬁﬁaﬁ%ny wafer

<ol e AR oyl g
chPHbRGRBPno Eﬁh@edmn 'EH'@ ‘é erpdnﬂ dﬁoe%p ngzg W%E{ample

may be, for exanpl e, n’easur e
a loW pawst.sueinas abegtltb%ttb er lesa‘ at hhd]mame?ﬁ\ﬁme may h&fg‘end*mted

oGS 0 RS R b, o S SN e o 210

mehdites theerolthguyb@ireedd phhse daeleCITEEKRE pbREr signal received at each
deficiencies. Potential defects may |ncI udé but are

plasgie-lesshamher 296 1 508 sashrhrgaber apibypier systear Aducecives and
rec%?c?secﬂpiﬂéa Eﬁ#@tc‘ﬁrﬂeﬂtg %&@%ﬁ%gﬂé@ B'F’@% 2%’20 e\?é%}qa :],E%ch

parts used, m SS
chanlmamgmppmt yysbem dez)mplﬁes thé tiedmbed @npédayicBomnke mexduRdl data.

[0028] Because the chamber 206 is set at a vacuum, the phase angle 6 of the RF
power signal through the vacuum chamber is about 90°, Because the i)hase angle 6 is
about 90°, the resistance R is about zero. Thus, the impedance of the chamber is mostly
. reactance. The computed value may be representative of the absolute value of the

impedance.

[0029] At 510, the computer system compares the impedance of each chamber to
determine whether any defects exist. For illustration purposes, the computed impedance
of several chambers of the same type without any plasma with an RF power signal of 27
Mhz may be 15.8Q, 19.2Q, 14.9Q, 16.2Q, 15.9Q, If the computed impedance of a
chamber is off by more than at least about 10% of the median computed impedance,

possible defects may exist. In the above illustration, the chamber with 2 computed
9
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potential problemat 414, the troubl eshooting process
woapodheomei terated at 402 to verify the systepar/p@id8ibzos26

Tool mat chi ng may be necessary to ensure that all

pl asma chanbers produced are free of defects. One nmay

be able to identify any defective plasma chanber by

conpari ng the chanber inpedance of all processing

chanbers of the sane nodel, type, or design. FIG 5

I trat
mipc?gﬁ%égo \rgg? c eﬁm i ggﬁ r?éic%lr ‘%:/S(Sefgs (#3 °§sysff12ﬁ1t N athﬁ% the

atmye ohamlmreaewsttb be lbeokeﬂ)ﬁﬂlpmiﬁle dbfidiBRidd! PoRMbal defects may
a vacuumis created in

ention egl t
ingl3F B per ot b Omr@s ynpreperthardvgre assemil, gjadequate
toﬁﬁ@ﬁ%%@évﬁéé?%o%@@f;aﬁié mg?%fﬁsea%ggﬁg Pg@gfsﬁge eé:fl &ambgggrear and
arq:znmqiugnerp@epaﬁw AfteRidentifyéng mdgmahg tte poeintigl reblemad: 804, the

chamber .with no g thro gh each
ol oo PRy S s HESURRG reui g chasmbiig e o of
defigeer, such as about 10 Watts or |ess, at 2 Vhz or 27

VMhz, may be generated through each»chan‘oer 206
wi thout igniting any plasma. At 506, each chanber

sor 2 fa r.r ent d ase
[0 gﬁgl e of Wﬁll@%ﬁﬁb‘%ﬁv\%}t& Isaﬁ q @IK’P&%@ ﬁlas g{Vefété I?)een shown
anfj Idascmbedi afswouﬂdeh&‘mppar&&&o th%tse BitiBed Bt a RAVIRE thetRpBHkL cfffthls
212 recei ves ﬁ records the neasured volta

digt at ey Btducdifigatiensthap mentipnadahere aie possible me
depiin® B
ﬁ I mped gﬁggﬁf ro mﬁ?ﬁezy%g Ke%l dat a%‘%ﬁg%)'g gﬁl&g%%:% S%%Otlt %]ée
fe@h%tﬁ%é’fceamth‘ssmetofahe@peadaﬂmmshe phase angle 0 of
the RF power signal through the vacuum chanber is
about 90. Because the phase angle 0 is about 90, the
resi stance R is about zero. Thus, the inpedance of the
chanber is nostly reactance. The conputed val ue may
be representative of the absol ute value of the
i npedance. [0029] At 510, the conputer system conpares
t he i npedance of each chanber to determ ne whet her
any defects exist. For illustration purposes, the
conput ed i npedance

10



of several chanbers of the sanme type w thout any
plasma with an RF power signal of 27 Mz nmay be 14 March 2007
15.85, 19.20, 14.95, 16.252, 15.952. If the conputed
i npedance of a chanber is off by nore than at [ east
about 10% of the nedi an conputed i npedance, possible
defects may exist. In the above illustration, the
Claipsiber with a conputed 9 14 March 2007 WO
2004/ 030016 PCT/ US2003/ 030426 i npedance of 19.252
1. needsmethod éordenting @l dsora rosssibg eystkah betiag akharhbxat an RF
case, at 512, the above chanber needs to be checked
powarsop@ssind £maehingireiedrk sthe Reti®dtdoalpridriect s may
include but are not limted to the g%llomﬁng: i mpr oper

h : i . i )
1 99Tl N B SO IR st

d [ d its. Aft s

o A ey SR SR PG g S v

tge t ool mat chi ng process may be reiterated at 502 to

thet8PPS t hat al | chambers are free of defects. [0030]
‘Wi | e enbodi nents and applications of this invention
havecpssiRng shelinge effdidRE ppivbietgnal.ta eusiehtioftreidaRP apwat signal,
to those skilled in the art having the benefit of this

andh plolse sfisadd REgtoweasignaipreecinedlb§ theahhmbar; t han nenti oned
above are possible without departing fromthe

| NVedthptigGORERNepreb@it /1ve-of AR empela8sd bRe chdh¥e®bded on said
IS not to be restricted except in the spirit of the

Vd%%&%ﬁﬁﬁﬂuﬁhﬁhﬂﬁFagﬁg%%-N§f°h 2007 dains: 1. A nethod

rtesting 'a pla pfocessi ng system having a

L T T N I S

at a predeterm ned constant plasma operating
Plagpa BiosrRsY ey ol prad FetcsBReYalusisPrcsetg el thsiamsdance of a
wi thout igniting any plasma within the chanber;
defect-free chamber.

2. A method for testing a plasma processing system having a chamber, an RF
power source, and a matching network, the method comprising:

generating an RF power signal from the RF power source to the chamber
without igniting any plasma within the chamber;

measuring a voltage of said RF power signal, a current of said RF power signal,
and a phase of said RF power signal, received by the chamber;

computing a value representative of an impedance of the chamber based on said

voltage, said current, and said phase;




measuring a voltage of said RF power signal, a curr
of said RF power signal, and a phase of said RF p em March 2007
signal, received by the chanber; conputing a value
representati ve of an inpedance of the chamber based on
said voltage, said current, and said phase; and
conparing said value with a reference value to
det EPRPHB N hyecwith areferches vnatormeteymdeseanyidefpcts in the
system said reference value representative of the
plasmp ptmessingxysem, dafl eefbrehceealoheephsentatdve of theladafi@rof a
testing a plasnma processing system having a chanber,

defact-fife chamiber, ag@ur ce, -and a mat chi ng network, the
met hod conprising generating an RF power signal from

t hei&eo@i‘ﬁ WI ﬁéﬁﬁ&?ro&%s%lg n%r&&ﬂ%h saitfARYE nbllgimtllﬁh%g%east

any pl as he ¢ measuring a vo

amﬁglgyﬁﬁsggﬁgégmﬁgggée a current of said RF power

‘'of said RF power signal, received

by the chanber; conputing a value representative of an
i npedance of the chanber based on said voltage, said
current, and said phase; 11 14 March 2007 conparing

3. sai Ghemethodwif laim 1rvefasein neid REapareertsigudeineludisvehighyfrequency
defects in the plasm processing system said

powaf erence val ue representative of the inpedance of a
defect-free chanber; and inspecting the plasna
processi ng system when said value is not within at
| east about 10% of said reference value. 3. The

4, et JF'Héjmg{hoﬂ o b]%lr% 1 WREGh Baid mﬁergﬁﬁigakg%ogwo?equmcy

i ncl udes a hi requency

claiml mhereln said RF power signal includes a | ow
p"}’requency power. 5. The nethod of claim1 wherein

sai d generating further conpri ses:

5. The method of claim 1 wherein said generaﬁng further comprises:
matching the impedance of said RF power signal with the impedance of the

chamber.

6. A method for toolmatching a plurality of plasma processing chambers, the
method comprising;
generating a RF power signal at a predetermined constant plasma operating
frequency for each chamber without igniting any plasma within each chamber;
measuring a voltage of said RF power signal, a current of said RF power signal,
and a phase of said RF power signal, received by each chamber;

computing a value representative of an impedance for each chamber based on

said voltage, said current, and said phase; and

I2 °©




mat chi ng the i npedance of said RF power signal wth
t he i npedance of the chanber. 6. A nethod for 14 March 2007
tool matching a plurality of plasnma processing
chanbers, the nethod conprising: generating a RF
power signal at a predeterm ned constant plasma
operating frequency for each chanber w thout igniting
anycphpsing swidvalue fonedthchamberwith othasehambgrsa vol t age
of said RF power signal, a current of said RF power
signal, and a phase of said RF power signal, received
by each chanber; conputing a val ue representative of
an i psd -

I i e R e RV S S A

_ [ aid value for each chanber wth other
Hw%%ﬁ%%@'ggn'. A nethod for toolmatching a plurality of

pl asma proc i ng chanpers, .the nethod conprisin

ge n%t?ngﬁ'[t)wg am\%%fvwgﬁ% Fagh %mbsa‘aﬁﬁ@ﬁé%ng?g 8t Hatrea

_igniting any plasma wthin each chanber; measuring a
within) caglyehastbesai d RF power signal, a current of said RF

power signal, and a phase of said RF power signal,

r ecmeasuadinpy veltage afsaddelF puked stgdad|adivagniodfiyard RF power signal,

paraneters affecting the chanber constant; conputing a

andVEphiSe bERIERE g'bﬂztef ¥iendf reddlvédPLERACRathBér R hotdiag Ber
based on said voltage, said current, and said phase;

ri -saj ach chanber with other
parngrﬁg@n_ﬁ& dffégtngéglg.c}{ & doftaft

ers; isolating a pl asma processi ng chanber

wh I f h ' ff b I t abqgut

R e o N A e

.mmethod of . claim®6 mhgrﬁin’said power includes a high
sai¢ yltageriald guviat and ga1d PResehet hod of clai m 6 wherein

sai d power includes a |ow frequency power.
comparing said value for each chamber with other chambers; and

isolating a plasma processing chamber when a value of a chamber is off by at
least about 10% from the mean value of the other chambers.
8. The method of claim 6 wherein said power includes a high frequency power.
9. The method of claim 6 wherein said power includes a low frequency power.
10.  The method of claim 6 wherein said generating further comprises:

matching the impedance of said RF power signal with said impedance of each

chamber,
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10. The nethod of claim6 wherein said generating 14 March 2007
further conprises: matching the inpedance of said RF
power signal with said i npedance of each chanber. 13
o 14 March 2007 1It. An apparatus for testing a plasm
processi ng system having a pl asnal ess chanber, an RF
power source generating an RF power signal at a
11.pr edatapparaive dor tesimgteamasiyl prosassiop eydeh hgving eqlasntiess
and a matchi ng network, the apparatus conprising: a
chamieres, i Rlbp@hathonaetgb@eraﬂiw@m pewehdpid bt a pRideteSRIASOT
nmeasuring a voltage, a current, and a phase angle of

cmtshﬁ n@%sﬁ@%érat%i@ﬁ@dueﬁ@f ehy 8 %a@éhlﬁé‘ﬁetﬁbﬁcs PR §r(§1tus

and a conput’er system coupled'to $

uﬂm@%ﬁé%’ said conmputer system conputing a value
sentative of an i npedance of the chanber based on

sai d voltage cur rent saj hase, and

corb AT RN Laled o Ao AR s, S BBl e « voltage,

determne any defects in the Iasma processi n?
Cu%ta@ﬁha phasecpngkes ofitapRE p@aneu@gn% peeeterah thepdaspralgsp ghamber;

i npedance of a defect-free chanber. 12. An apparatus
andf or testing a plasma processing system having a

pl asmal ess chanber, an RF power source generating an

RF posvaputet §RRin ccﬁ@ﬂad&o REH Gaisof shidtcoRiplter sydd@n computing a
appar at us conprising: a sensor coupled to the

valBé &%%b&a%&é}%’q geda%%é dr ﬁ%gﬁ&ﬁa&%ﬂ%ﬂ%&&%& agy a

current, and se angl e e RF power signa

I ess tem
cur%ﬂ%ﬁ%i““ Syl ELTD PinE 3810 BT o e S SRR R R
aI ue L E{esent ative of an inpedance of the chanber
Bihg Ay BroCaEs Yo sqi Fefenenoe e CRrgepagef the
and conparing said value with a reference value to
1mﬁéﬁ@eﬂfﬁ@efe&gﬁe@éh@&e§- in the pl asma processing
system said reference value representative of the
i npedance of a defect-free chanber; and

12.  An apparatus for testing a plasma processing system having a plasmaless |
chamber, an RF power source generating an RF power signal, and a matching network,
the apparatus comprising:

a sensor coupled to the plasmaless chamber, said sensor measuring a voltage, a
current, and a phase angle of the RF power signal reccived at the plasmaless chamber;

a computer 'system_ coupled.to said sensor, said computer system computing a
value representative of an impedance of the chamber based on said voltage, said
current, and said phase, and comparing said value with a reference value to determine
any defects in the plasma processing system, said reference value representative of the

impedance of a defect-free chamber; and

14



14 14 March 2007 wherein said conputer system i ssupPMarch 2007
a warni ng when said value is not within at | east about
10% of said reference value. 13. The apparatus of
claim 1l wherein said RF power signal includes a high
frequency power. 14. The apparatus of claim 11 wherein
said_RF power signal includes a |ow frequency power. '
15. Whsreiibpd semBUtELYYSteasisfurg agvashiag vehep saidesbiergnot within at
system havi ng a chanber, an RF power source, and a
leasteetbohi Hjo o€ said rdferehbeevadppar at us conpri si ng: neans for
generating an RF power signal at a predeterm ned
constant plasma operating frequency fromthe RF power
source to the chanber without igniting any plasma
13 0 QRSB | TRANE Bl RP RN D S8R
ﬁe]&%nalbwgpd a phase of said RF power signal, received
% th&°¥Ranber; neans for computing a val ue
representative of an inpedance of the chanber based
on said voltage, said current, and said phase; and
means for conparing said value with a reference val ue
14t o dbe epnrates efglaigef ewherein said RE ppivassiznad irpbeks a hogw
system said reference value representative of the
frejupegdpower. of a defect-free chanber. 16. An apparatus
for toolmatching a plurality of plasma processing
chanbers, the apparatus conprising: 15 0 14 March
2007 neans for generating a RF power signal at a

SR AR R R
pougg'%gg%re,; and a matching network, the apparatus comprising:

means for generating an RF power signal at a predetermined constant plasma
operating frequency from the RF power source to the chambér without igniting any
plasma within the chamber;

means for measuring a voltage of said RF power signal, a current of said RF
power signal, and a phase of said RF power signal, received by the chamber;

means for computing a value representative of an impedance of the chamber
based on said voltage, said current, and said phase; and

means for comparing said value with a reference value to determine any defects
in the plasma processing system, said reference value representative of the impedance

of a defect-free chamber.

16.  An apparatus for toolmatching a plurality of plasma processing chambers, the

apparatus comprising:

15 4




means for measuring a voltage of said RF power signaj4 mMarch 2007
a current of said RF power signal, and a phase of
said RF power signal, received by each chanber; neans
for computing a value representative of an inpedance
for each chanber based on said voltage, said current,
and sai d phase; and nmeans for conparing said value for
eacHeanulep eencipting a0k ppwerigisd aa predetermingd eapstant plasma
storage device readable by a machine, tangibly
operatigifyequgney fop eadr dumnbbr wilbdut ugtitienanyepeand whhie dayh t he
machine to performa nethod for testing a plasma
chadiegessi ng system having a chanber, an RF power
source, and a matching network, the nethod
co L.Sd 0g: t] I I .
or nsr Sy P SRR e O B0 RENE 2B ¢ At of id v
fromthe RFE power. s. e to the chamb wi t.-hgut
POy hg Ay RS RS SHBL ERANGELY AELSIoeG o
voltaggiof sai d, RF power signal, a current of said RF
powBieans fgRgemputing valynyspiesaratiygiod appmpengape Hr gaeh chamber
‘received by the chanber; conputing a val ue
baseé pn gaid voliegey said cument] andedadesefand he chamber based on
said voltage, said current, and said phase; and
conpeansyr s@hphringl sl wilidfoacddfchntbaew Mabther émbers.
determ ne any defects in the plasma processing
system said reference value representative of the
i npedance of a defect-free chanber. 16 0 6 14 March
200 g [

17 e e B A Sl B L St R SuBlooe s
execut.abl e by the [ to perform.a nethod for .
Prog ORI S e H PRIty o FopR S b Sl oedabr Rl o testing a
chanbers, the nmethod conprising: generating a RF
plagaarocessHaIY e havpiee@embas, 38 &k Fcravesr apirep) and ganatching
operating frequency for each chanber w thout igniting

neteratgk, fleasethodeethprisiegich chamber ;

generating an RF power signal at a predetermined constant plasma operating
frequency from the RF power source to the chamber without igniting any plasma within
the chamber;

measuring a voltage of said RF power signal, a current of said RF power signal,
and a phase of said RF power signal, received by the chamber;

computing a value representative of an impedance of the chamber based on said
voltage, said current, and said phase; and

comparing said value with a reference value to determine any defects in the
plasma processing system, said reference value representative of the impedance of a

defect-free chamber.




measuring a voltage of said RF power signal, a curresgmMarch 2007
of said RF power signal, and a phase of said RF power
signal, received by each chanber; conputing a val ue
representati ve of an inpedance for each chanber based
on said voltage, said current, and said phase; and
conparing said value for each chanber w th other
18.c haf¥pspgram sigageniqyicegaedapledut pmaehing tangiy embodying a
pl asmal ess chanber; an RF power source generating an
propRanpofwestngitignaéxcattablefoyebe nachine edpet fomsitaanéthod Fas ma
operating frequency; a matching network coupled to
too&@atmiﬁ?a PRIty SO P1a8Ba pPoceSNFOhafiMeR| 8¢ @h&Pédhprising:
pl asmal ess chanber, said sensor neasuring a voltage, a

. | = ' .
ek E R e AR AR oG Kot e A Ml e
froq G0 B SR (Pl GEERE By DBy SRR SR el or

sai d pl asnal ess chanber based on_ said voltage said
curmesurng a yolageplsaid RF pewer siith arcurgnisefisaid Bl pewen signal,
‘a reference value to determ ne any defects in the

andm phasaot watRB powsnsignal afcerieecy seah ghamepr esent at i ve of
the inpedance of a defect-free chanber. 17 0 14 March
200cbmEfing A vpleseprescdtive bf GoIMFddandtdfor eadhlchsfiBérasiSed on
chanber; an RF power source generating an RF power

saiBVdlge, safdl diﬁﬂeﬁﬂhﬂ&sﬁ@?ﬂ%’ékarﬁoum ed to said RF power
source; a sensor coupled to said plasmal ess chanber,
sai mRERE Sai e C , and a
pha(g)e angggmg?g tﬁli%efb%%cggl\v{é#ﬁeg%gtnha(ﬁh?re% éflhgg "at said
- . plasnal ess chanber; and

19. A plasma reactor comprising:

a plasmaless chamber;

an RF power source generating an RF power signal at a predetermined constant
plasma operating frequency;

a matching network coupled to said RF power source;

a sensor coupled to said plasmaless chamber, said sensor measuring a voltage, a
current, and a phase angle of the RF power signal received at said plasmaless chamber;
and

a computer system coupled to said sensor, said computer system computing a
value representative of an impedance of said plasmaless chamber based on said voltage,
said current, and said phase, and comparing said value with a reference value to
determine any defects in the plasma reactor, said reference value representative of the

impedance of a defect-free chamber.
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a conmputer systemcoupled to said sensor, said 14 March 2007
conputer system conputing a value representative of
an i npedance of said plasmal ess chanber based on said
voltage, said current, and said phase, and conparing
said value with a reference value to determ ne any
defects in the plasnma reactor, said reference val ue
representative of the inpedance of a defect-free
chanber, wherein said conmputer systemissues a warning
20.wheA adnth reattoecdnsprisrig:wi t hin at | east about 10% of
said reference value. SV #210995 vl 18 0 4

a plasmaless chamber;

an RF power source generating an RF power signal;

a matching network coupled to said RF power source;

a sensor coupled to said plasmaless chamber, said sensor measuring a voltage, a
current, and a phase angle of the RF power signal received at said plasmaless chamber;
and

a computer system coupled to said sensor, said computer system computing a
value representative of an impedance of said plasmaless chamber based on said voltage,
said current, and said phase, and comparing said value with a reference value to
determine any defects in the plasma reactor, said reference value representative of the
impedance of a defect-free chamber,

wherein said computer system issues a warning when said value is not within at

least about 10% of said reference value.

SV #210985 vi
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