WD 2004/ 030016 PCT/ US2003/ 030426 SPECI FI CATION TI TLE
OF | NVENTI ON METHOD FOR TOOLMATCHI NG AND

WO ROUBBEEHOOTI NG A PLASMA  PROCESSI NG SYSTEM RECEXUED03/030426
APPLI CATI ON [ 0001] The present application clainms the
benefit of U S. Provisional Patent Application Serial
No. 60/414,108, filed Septenber 26, 2002 in the nane
of inventors Arnen Avoyan and Seyed Jafar
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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 carefully controlled 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 connection 18 goes

1.
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produce an RF plasma. [0005] In RF network 10, certain
[imtations exist. For exanple, RF power generator

12, while including solid state technol ogy, still is a
bul ky systemthat consumes an undesirabl e about of

cl ean room fl oor space. As a result, performance of RF
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chegab rp%d}&r‘e dA%t or 12. Furthernore, even though RF
power generator 12 for a given power |evel consists

of three variabl es of voltage, current and phase _
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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 correct assenbly of the chanber hardware parts
waea40subl eshoot t he chanber plasma processi NBCHYS10031030426
2 WO 2004/ 030016 PCT/ US2003/ 030426 BRI EF DESCRI PTI ON
OF THE | NVENTI ON [0009] A nethod tests a plasm
processi ng system having a chanber, an RF power
source, and a matchi ng network. An RF power signal is
generated fromthe RF power source to the chanber
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[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 verifying 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.



pl asma processing systemin accordance with one

enbodi nrent of the present invention. FIG 5 is a flow
wale@gnosnmechematical ly illustrating a nethod fBCT/US2003/030426

tool mat ching a plasma processing systemin accordance

wi th one enbodi nent of the present invention. 3 WO

2004/ 030016 PCT/ US2003/ 030426 DETAI LED DESCRI PTI ON

[0012] Enbodi nents of the present invention are

descri bed herein in the context of a plasmm

processing system PHpgs i1l in the art
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[00X2]t he prigskedimemy efithe presest inVdntion met degeritmrd herein dh the context of
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steps, and/or data structures may be inplenmented usi r%
might hegipsnl G time-consuming, but would nevertheless be a routine undertaking

of engineering 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.



of operating systens (OS), conputing platforns,
firmvare, conputer prograns, conputer | anguages,
wa@pasosoogener al - pur pose nmachi nes. The net hod CBEIT/D82003080426
as a progranmmed process running on processing
circuitry. The processing circuitry can take the form
of numerous conbi nati ons of processors and operating
systens, or a stand-al one device. The process can be
i npl enented as instructions executed by such hardware,
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[0017] FIG. 2 is a diagram schematically illustrating 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.



[0017] FIG 2 is a diagramschematically illustrating

a system 200 for verifying a plasna processing system
w0 pooaoswiclance Wi th one enbodi ment of the preseeit/US2003/030426

invention. In the system 200, Radi o Frequency (RF)

power generator 202 supplies RF power to a bottom

el ectrode 204 di sposed within a plasma processing

chanber 206. RF current nmay flow between the bottom

el ectrode 204 and the top grounded el ectrode 205. In
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/USZO 04 001 i ng _network 208
of SONHEQILE e 5 P yRHE! SBTEOB%s the ' chanber

206. To provide an efficient transfer of RF power from
the RF power generator 202 to the chanmber 206 (the RF
[00PE™d), thd S%G%H%IQ caenlogtothe eptera 2ehakthe frput apidg ghember 206,
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0se o nar
vorltag@@nnzﬁ irttephatd@rgde eﬁcuthF@omd Sigualreadivedty e shgniser 206. In
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current a an of the RF power signal
SeP%’E%V’\%Be leﬁg a‘ﬁﬁ%ﬁ%@n U9, accordance with one
enbodi nment of the present invention, the sensor 210

may be, for exanple, aVoItage/Current Probe (VI
[002 be) orA aommtmmtem&l %/lzefpwesnh@ masﬁred)daia amythe sensor 210

(o§esefrtdle a8 pff bt BT RS srEh TR MIE Y Benity
W}&r@lﬁﬂrlﬂwplhﬁnd ﬁl@céﬁ‘sﬁ@%&ﬁteﬂnﬁy &8¢ bDahy de@&‘i’@dndkvmﬁ@uh@éhamber
stem 212 receives the neasured data fromthe sensor

hapdygpre ot arg gesembladrcomrectl by anherdrg the geeejved data. cldeplgasithm
within tt}?ergo%‘ilp%te?lsglﬁ% 232 Y Rl Cai¥&istddbelow the flow diagram of FIG. 4.

FIG. 3 depicts a block diagram of a computer system 300 suitable for implementing
aspects of the 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 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).
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whet her the plasma processing systemis free of any

defects and whet her the chanber hardware parts are
wa@s®endloedd correctly by anal yzing the recei vedPCHUS2003/030426

The algorithm wthin the conputer system 212 is

further discussed below the flow diagramof FIG 4.

FIG 3 depicts a block diagram of a conputer system

300 suitable for inplenmenting aspects of the present

invention. As shown in FIG 3, conputer system 300
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ontro r 308 xternal device such as a display
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floppy disk drive 322 operative to receive a floppy
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PCT/Usg /0304 6 Alternativel a network mterfag
diseyssions 4t°ﬁ%1§7 esgnh@@@rqssnﬁ iRyeNipR Saayths operabbadlisppsed i system
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RQESIZ8. Appl eTal le\/p. [0021] Many ot her devi ces or
subsystens (not shown) may be connected in a simlar
manner. Also, it is not necessary for all of the
[008Yi ces showg id £‘ﬂE&/@lagf%arh@cl%at@ﬁl%sﬁlﬂﬁuét&gpi 1B6thb& fort he
present invention, as discussed | ow. Furthernore,
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f Fom t shown .
prggeé{ glylgrglﬁ)n o n(%nrgp 4@? X/ac%ué%ws g?ﬁteg‘m &‘ﬁ cpamRer WI%)6 V}{]lth a
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I'sposed | i system ~imenory on storag
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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.

[0023] 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:

7



ROM 328. [0022] FIG 4 is a flow diagram schematically
illustrating a nethod for troubl eshooting a plasm
wEe@emdwicg systemin accordance with one enmboPCTESL009630426

the present invention. Beginning at 402, a vacuumis
created in the chanber 206 with a pressure of about
Oniforr. The chanber 206 may be a "cl ean” chanber
wi t hout any wafer to be processed or gasses fl ow ng.
At 404, an RF power signal is being generated in the
chanber with no gasse wi ng. For exanpl e, .

bout §{”/)\g k T J[:q?‘/ﬁdé‘%gﬁr 27

power, such as about 10 tts or less, at

Mhz may be gener at &={Zjrcosi§h t he chanber 20&quhsidiont
igniting any plasma. At 406, sensor 210 neasures the
vol tage, current, andlAsiEs® angle of the RFEqyatien3
signal received at Zh_:evgllasrm-l ess chanber 206. At
408, the computer 4y]stem 212 receives and records the

WhHEaIUE € il A6 of térdhember, RIftHRIBSGaRdRgKes @fe £iRarddE, 6 is the
power signal. The computer system 212 conputes the
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Those of ordinary skills in the art will recognize
that the inpedance of the chanber is a conplex
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e B e by LS s SRR e

vo?ag'esanﬁt&ﬁrremechﬁﬂg, 8nd Mub ﬁletﬂ:hg)emtg Brad kehbgge, and

is the neasured current. [0024] The chanber
i npedance may be affected by many factors such as: the

088 ! TR S R B B8 e
power signal through the vacuum chamber is about 90°. Because the phase 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.

[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 time of manufacturing. For illustration purposes, the mean impedance of a
plasma-less charﬁber 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 15Q, for example,
19Q), 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

8



groundi ng, the wafer type, the wafer placenent, and

the power coupling. Thus, if any changes occur in the
WORBOMO3M16 such as the pol ynmeri zati on of the cheem®©§2003/030426

wal | or the wearing away of anodi zation coatings on

vari ous process chanber conponents, the voltage and

current will change, and thus the inpedance of the

chanber. [0025] Because the chanber 206 is set at

vacuun1 t he phase angle 0 of the RF power signa

4 B SR g S0y Bt vy

thqsysmm Thus t he i npedance of the chanber |s nostly
reactance. The conputed val ue may be representative of
t he absol ute value of the inpedance. [0026] At 410,

[06d8 CoNPUtRIMmSKBILE %a@%ﬁ@&%&r&; he eﬁs‘&@ﬁﬁi@ﬂ dﬁgﬁ{ﬂ)&fambers

| rrpedance wth an i rrpe ance aseline to termne
prmpqhelre fmwofdbfe@tﬁ Onsunast be apietol idpeifance defoetsel plasma chamber

e Jaean | ance of roceSS|n cha
byt EoRERR e FRERBRC FoRlaRy 3 MM p RIS papprs ST A S model, type,
or Idasﬁghi aEIGr5 18 @ flowodiagramkshématicaly BUsROEESa nkﬂl%d"f&atﬂolmatchmg a
" _inpedance of a plasna-|less chanber may be

pl @mp@ssms systern in gq¢erdenesswite ane erpbertiment @%th@pr,gsqé frevention.

Beety AR0O (i pRREE if YR ohimBor 2006y BPS Bre Al ofor
exsiaplecatountmTeri Hach Limnteal06 ane, bea “cled; clidngbee haibeyany wafer

, eeds to_be checked for efi_ci enci es. Potentla
to E%P@&?%S@ﬁ#ﬁpg@sﬁ%ﬁ ﬁm@n&uﬁt é&‘b afdt PoWeRsigngl isbeingegenerated in each

chi@bdraWNEs ghIB BRGIng tﬁl@g@t"%{ gaﬂ%ﬁ GaFPAnG thh&gﬁjﬁﬂkiﬁg eFor example,

torque reqw r ement s arts used, m ssi
a lpwpdwar,suplaag ahout Hatagts onkess, ag? Mlezrcm2ﬁ dvihp ahaynbeer generated

R b B B hyDRsBY Rt o N et ghgabes gensor 210

medburéd the vohggd, "c@h*@ﬁtezﬁi@l%héd’kgl W&Q%H%Wepﬁgﬁﬁ'réc%ﬁ%ea@ each
at 402 to verlqs)ydht he "sy sten1 [ 0027] "Tool mat chi ng may

plasmarlessebgmpyr 2 s‘i@ﬁeeaCh gharabdr cpmpuien systemBé2 seceives and

A B 5B hoSL S e SRR 20 Ry ot

chiiber@oApaes: sydgedapeempiiteddhe chiAb&aSH g@@n@E‘ &6REhS n¥hsured data.
the sane nodel, type, or design. 5is a flow
di agram schemat i cal | y illustrating a nmet hod for

[Odﬁ?l mat ¢ Iﬁe@Qus@ 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 phase angle 0 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 a computed
9



pl asma processing systemin accordance with one
enbodi nent of the present invention. Beginning at
wGB4/0300v@cuum i s created in each chanber 206 PET/OSH03/030426
pressure of, for exanple, about Omlorr. Each chanber
206 may be a "cl ean" chanber w thout any wafer to be
processed or gasses flow ng. At 504, a RF power signha
is being generated in each chanber with no gasses
flowi ng through each chanber, and thus no plasma. For
. ' ess,
AR L 15 P PHPOR cheaa To TSR lprddh, MU oo, kSR the
aboh@olirenbe? @6edsitd be uheckeghiar ipogsitdadefidiasias. PAtenfffdefeAcihay

. Gh er sensor, 0 res.the valtage, current, and

inRACRTAERE 107i4HE ThTOROWAIE SRRy TREBUA awemb o diadoduate

toRud SRR AtsCHBTRRAard ﬁ@rts lﬁtedﬁggsing %91121\7\% fc ﬂfﬁ%&l Rhr and
d S vol t'age,

system 212 receives a recor e measur ed
arging.metmeralegositsa Adtea iiphtifyiig ardefiRfg fewetensinmrablenEadh4, the

o et SRS A AP P o oy agbeaue reor
de€dearber 206 is set at a vacuum the phase angle 0 of

the RF power signal through the vacuum chanber is
about 90. Because the phase angle 0 is about 90, the

i stan ] Thus, t L. npedance qf the
08 er 1 ool kRS 868 font CltShe 28 HFRROGT B e Yown
anb desceipedsewbaldibeappireiitte tale okillb@inviab b ha¥ing & benefit of this
i npedapce. [0029] At 510, the computer system conpares
disclsure el dapiyenere e ficainnihen mestiopr hoNe Aes Resgibleevithout
OX] j t r@t.i: t.
AcpRing oS bRERle cdiot Ll T LU NBR R o be
restiygied gikaehbintthaspiripdfatberappendéd dainRF power signal of 27
Mz may be 15.852, 19.252, 14.952, 16.2Q 15.952. If
t he 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 chanber with a conputed 9 WO
2004/ 030016 PCT/ US2003/ 030426 i npedance of 19.25
needs to be checked for possible defects. In that
case, at 512, the above chanber needs to be checked
for possible deficiencies. Potential defects may
include but are not |limted to the follow ng: inproper
har dwar e assenbly, i nadequate

10



torque requirenments, substandard parts used, m ssing

hardware parts, chanber wear and arcing, polyner
waele@emstose After identifying and fixing the poP@€nUSEIN3/030426

probl em at 514, the tool matching process nay be

reiterated at 502 to verify that all chanbers are free

of defects. [0030] Wil e enbodi nents 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 disclopypgst hat nmany nore

nodi fications than nenti oned above are possible
Wmttlhékﬂme(ﬂ’éparti ng fromthe inventive concepts herein.

The |} tigan, therefore. is not to he .restricted
L exce‘%m eﬁﬂ)dttﬁrete%%l al[ﬁla%?a pwgegwgg@q&vgg&q aﬁ!’g’e%n RF power
s0204drA30AABhiREHLMHZOARS ABABAGOmpHANYS Vhat is cl ai med

is: 1. A nethod for testing a plasm processing system

havi&TgeratiehaBE Powshsigmal diowe the Rfopavees sowed taitheewhembergwithout
' ] Y sing: generating an RF power
1@?%%¥P1?%%§¥@%96%mr source to the chamber without

| gninnéangrizgy veltags wésaid R powten sigaliaarbaent G€s4id RIFNShver signal,

o&%qggfof.ﬁﬁgd RF pOMﬁr signal, a current of said RF

ané& pSeqfsaid RE power signaf secerveel by gheichambse wiile dplging other
pafaitetéry 8ffediihoithe P Ednsial.! € hol di ng ot her :

paraneters affecting the chamber constant; conputing a

val sempupnges gnltatdpreascnthtivnof apepadaee of thelvhambartaged on said
said Vo id current, and said phase;

. I
Vogg%?g%ﬁ-gg??lﬁga@ﬁ@t@g%@% ith a reference value to

det ebfpatn@&yd HahE Gt airbfetdiBe PAIRS PPt @HREERT) dWects in the plasma
system sald reference value representative of the

ProcRpaRmfyseny Faig refefeaee valpereprashitativesr of the infrdandt dfadleddct-free
ch&thgd,m 1 further conprising: inspecting the plasm
processi ng system when said value is not within at
| east

2. The method of claim 1 further comprising:
inspecting the plasma processing system when said value is not within at least

about 10% of said reference value.

3. The method of claim 1 wherein said RF power signal includes a high frequency

power.

4. The method of claim 1 wherein said RF power signal includes a low frequency

power.

5. The method of claim 1 wherein said generating 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:

11



about 10% of said reference value. 3. The nethod of
claim1l wherein said RF power signal includes a high

w0 e@gusnoey power. 4. The nethod of claim1l wheCEUS2003/030426
said RF power signal includes a |ow frequency power.
5. The method of claim1l wherein said generating
further conprises: nmatching the inpedance of said, RF
power signal with the inpedance of the chanber. 6. A
nmethod for toolmatching a plurality of plasma

pr ocRasiafgg § ef sighBEroPBIcA QHamb& Wit otk {hitirklandQlasma within
D004 03608 PeT S S a gh s generat | ngf%l ﬁélﬂb%e?sm W
cagh ghtamberior each chanber without igniting any pl asma

Wit hj ach_chanber ;. surin vol t age .of. said RF .

pova P REr SRR b R o BB St oA Pt
and aphaseofhidsRlF Bowr RENAE reddihddy: cabiR SIRINYRE wile %%Fd?‘n% %ther

chanber while hol ding other paranmeters affecting e
Pagamgiers pifeeimethe ehanghorponstang a val ue representative of

an i / sai vol t age .
oo JUREAAEE AL AR ANATEEn HARAMSR TR cudifte Phfgeon saic
voltage, said bunrbitndoer said pHasqtanér charrbe:rs._ 7. Thle met hod
of claim6 further conprising: isolating a plasnma
pr o COERRHLE ﬁ%‘iﬁg@? fofisarh ehaphicywithrother chambass. i s of f by
at least about 10%fromthe nean val ue of the other
chanbers. 8. The nmethod of claim®6 wherein said power
7.1 ncllbgesctbodwigiiaifir @ futecyormovseng: 9. The met-hod of

[ [ [ ' I f enc
ond GBSt B RRE e A BBty Gard TSy v
abG@NerarbMGhé Hehh ©41us BIMPEI0BRS chdMb&hi Ny the inpedance
of said RF power signal with said i npedance of each

8. The method of claim 6 wherein said power includes a high frequency power.
0. 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.

11. 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 received at the plasmaless chamber
while holding other parameters affecting the chamber constant; and

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

12



chanber. 11. An apparatus for testing a plasm
processi ng system having a pl asmal ess chanber, an RF
wW@owe3®our ce generating an RF power signal, apdI/EsS2003/030426
mat chi ng network, the apparatus conprising: a sensor
coupled to the plasmal ess chanber, said sensor
nmeasuring a voltage, a current, and a phase angle of
the RF power signal received at the plasmal ess chanber
whi | e hol ding ot her paraneters affecting the chanber
th€ PRSIA PicceMh sRATRMEPEfRNSE IS RPRIEHatiR (Flﬁthéj impedance of a
sensor, said conputer system conputing a value
defespriiicg eharabérve of an i npedance of the chanber based on
said voltage, said current, and said phase, and
conparing said value with a reference value to
12det eThe apparatiy ofefa@fitls wherdin sMOceRPdteP3RBH0issues a warning when
PCT/ US2003/ 030426 the plasma processing system sai §
sapdgyadipeds aat yihinat leaphabewink08t phsridreferprce vabsdance of a
defect-free chanber. 12. The apparatus of claim1l
wherein said conputer systemissues a warning when
13sai drheaipparatus ofiolainMll whereih sdié ®Ftpowep vigndiGbelafiessehigh frequency
reference value. 13. The apparatus of claim 11l wherein
PO¥%f-d RF power signal includes a high frequency power.
14. The apparatus of claim 11l wherein said RF power
signal includes a | ow frequency power. 15. An
14appdihgtapparfios of elsim i § wehepdimsaid RFrpooes signgl isyiadem low frequency
havi ng a chanber, an RF power source, and a matchi ng
POR&t-wor k, the apparatus conprising: neans for
generating an RF power signal fromthe RF power source
to the chanber without igniting any plasma within the
15¢ harfyeapparatsiior fegiingreplosma prpcessing sysigm tofvirgsd chaRiber, an RF

pol0 S0 Ly Al SR cBBRGe, O
chamisans MigegerMMPATRE ber sigRA RIS RF S @ Gbindd td e
hecl:rplgegb vsi{hocfl? ir]g?lgtfarl%t:;ny 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 while holding other
parameters affecting the chamber constant;

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 reférence 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:
means for generating a RF power signal for each chamber without igniting any

plasma within each chamber;

13



means for conputing a value representative of an _

i npedance of the chanber based on said voltage, said
weeonesitoie and sai d phase; and nmeans for conparPCLUSRNE030426

value with a reference value to determ ne any defects

in the plasma processing system said reference val ue

representative of the inpedance of a defect-free

chanber. 16. An apparatus for toolmatching a plurality

of plasma processi ng chanbers, the apparatus

eazrﬁﬁ%aﬁz%ens%ﬁ?%%?&f%ﬁ{b?ﬁﬁgW%M%B SR st pover
sigiigh #pé p phase ofienid Rip ©B9 GighaPErelvsad @ga:eAﬂBMﬁ)er while Bolding other

wﬁé{agggﬁg¢H§% §C¥£ﬁ%%g%q %ﬁsald RF power signal, a

curren ’gnal and a phase of said

RF  posaRs faiconputing 8¢8Iy @ﬁ)r@énﬁﬁ%‘o%ﬂﬁ)%ﬁ'ﬁﬂ@a'f&eeach chamber

hoI di ng. ot her paraneters affecting the c
S&lﬂVOIWE&rﬁﬁ@Wﬁ@bﬁ@@sa@ghﬁemdue representative

3& PR LB i Pl 1AM g2 S s Bhraborsy

conpari ng said val ue for each chanber with other
chanbers 17. A pro ran1storage devi ce readable by a
rracmr@gr%ﬁamaﬂsie@%aagam@ %A Prashingntangiblyl enshodyitg aopregram
I
O R Py TR el pBF ek e Tb G g
PreogssREg systeer having @ ehanzhred, aa M%lpmherrsgumet anﬂr*maﬁzhﬁ‘g network, the
thod conprising: generating an RF power signal from
mﬁ REBYSWE source to the chanber without igniting

an v,
1 TS 8 S 0
lg%ﬁIWYPlawahlphhtsdlambesal d RF power si gnal rece| ved

o RS RIS B R, ST AR PL] B pover i,
and & phas of b8 RFepRfer AiEnhITRRERBE By @fe &Q&b%ﬁ@@ﬁol@ﬂl%%@he? n
par%r%let%rs affecting the chamber constant;

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.

18. A program storage device readable by a machine, tangibly embodying a program
of instructions executable by the machine to perform a method for toolmatching a plurality
of plasma processing chambers, the method comprising:

generating a RF power signal 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 while holding other

parameters affecting the chamber constant;

14



vol tage, said current, and said phase; and conparing
said value with a reference value to determ ne any
wa@ledoeos®1é N t he pl asma  processi ng system sai PICT/US2003/030426
ref erence val ue representati ve of the inpedance of a
defect-free chanber. 18. A program storage device
readabl e by a machi ne, tangi bly enbodyi ng a program
of instructions executable by the nmachine to performa
nmet hod for toolmatching a plurality of plasna
Pr 0GREHullfg & Rame @ép?esehﬁﬁvé’r@f ﬁﬁ%ﬁ%@ﬁ%e' # Oih cﬁﬁﬁﬁér%tabéagon said
a RF power signal for each chanber w thout ignit
Voéiﬁge, e sreen and s9id phests andanber ; rreasurl ng a vol tage

of s3 nal urrent of RF power

Si gna*n%aﬁg%oalﬁg gg Gt gl};ﬁnﬁjehwnﬁ ?‘B &P received
by each chanber whil e hol di ng ot her paraneters
affecting the chanber constant; 14 WO 2004/ 030016

PCT/ US2003/ 030426 conputing a val ue representative of
an i npedance for each chanber based on said voltage,
said current, and said phase; and conparing said val ue
for each chanber with other chanbers. 15

15



