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chamber and ionized by a first RF energy source, commonly coupled to a RF coupling

structure, such as a set of induction coils. Additionally, a second RF energy source may also
be coupled to the substrate in order to create a bias with the plasma, and direct the plasma
away from structures within the plasma processing system and toward the substrate.

[0005] The induction coil is a device, similar in purpose to a transformer, that
induces a time-varying voltage and potential difference in the plasma processing gases to
create a plasma by successively turning the current on and off in the primary coil. A
common configuration is to place a planar coil at the top of the chamber, also called the

TCP™ (e.g., transformer coupled plasma). Another configuration is to configure the plasma
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length transmission line with a properly sized (for current and impedance range) matching
network can provide the best power transfer from generator to the plasma chamber.

[0009] Referring now to FIG. 1. a simplified diagram of a plasma processing system
100 is shown. Generally, an appropriate set of gases is flowed into chamber 102 through an
inlet 108 from gas distribution system 122. These plasma processing gases may be
subsequently ionized to form a plasma 110, in order to process (e.g., etch or deposition)

exposed areas of substrate 114, such as a semiconductor wafer or a glass pane, positioned
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[OO%S]d As the chamber pressure or power levels change, however, the matching

network and load may together become unstable. The result is a rapid fluctuation or jittering
that changes faster than the matching network can respond. The resulting power transfer
instability can both damage components of the matching network and the RF generator, and
substantially affect the production yield of the substrate.

[0014] In view of the foregoing, there are desired methods and apparatus for

optimizing a substrate in a plasma processing system.
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[0017] These and other features of the present invention will be described in more
detail below in the detailed description of the invention and in conjunction with the

following figures.

BRIEF DESCRIPTION OF THE DRAWINGS
[0018] The present invention is illustrated by way of example, and not by way of
limitation, in the figures of the accompanying drawings and in which like reference

numerals refer to similar elements and in which:
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detail in order to not unnecessarily obscure the present invention.

[0026] While not wishing to be bound by theory, it is believed by the inventor
herein that the voltage balance across a RF coupling structure, such as an induction coil,
may optimize a plasma in a plasma processing system. For example, a plasma may be
generated by an inductively coupled azimuthal electric field produced by an induction coil.
Basically a flat antenna, the induction coil is often a spiral coil of rectangular cross-section
placed on the top of the dielectric window. Applied voltage to the antenna at 13.56 MHz
generates an oscillating magnetic field around the coil, which penetrates into the plasma and
produces an azimuthal electric field.

[0027] In an ideal plasma processing system, the azimuthal electric field is zero on

the axis and zero on the periphery, thereby peaking in an annular region at roughly half the
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delivered power or impedance. Subsequently, in a non-obvious manner, a model of the

match network was developed to predict the load impedance from the matching network
settings. From the deduced load impedance, the delivered power may be estimated since
the voltages on the coil are known. The values of power, deduced in this manner, are
accurate to about 9%.

[0031] A detailed model of a matching network 332 may include not only the visible
components, such as vacuum capacitors, but also the inductance of every connection

between components. The currents flowing in these connections induce currents elsewhere,
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[0035] V3 and V4 are electrical measuring devices, such as a RF voltage probe,
located near to each end of the induction coil that in turn, supplies inductive RF power to
the plasma chamber. Electrical measuring device V3 may measure a first voltage, between
the matching network and the induction coil, while electrical measuring device V4 measures
a second voltage between the load and the terminating capacitor C4. In one embodiment,

the electrical measuring devices are similar in design to RF voltage peak detector. In
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network and the induction coil, while V4 measures a second voltage between the load and
the terminating capacitor, C5.

[0039] Feedback circuit 502 is a circuit that comprises a signal path which includes
a forward path 504, a feedback path 506, and is coupled to the capacitor, C5. In a non-
obvious fashion, feedback circuit 502 optimizes induction coil voltage, in a substantially
dynamic manner, as the substrate is processed and the plasma consumed. In one
embodiment, C5 is motorized. In another embodiment, feedback circuit 502 may then
adjust C5 during substrate processing in order to keep the first voltage and second voltage

substantially in balance. In yet another embodiment, the feedback circuit can adjust the
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[0058] |t hatVhile thigipvention Bs Reen dgspibed yuterms of several preferred

embodiments, there are alterations, permutations, and equivalents which fall within the
scope of this invention. For example, although the present invention has been described in
connection with Lam Research plasma processing systems (e.g., Exelan™, Exelan™ HP,
Exelan™ HPT, 2300™, Versys™ Star, etc.), other plasma processiﬁg systems may be used.
This invention may also be used with substrates of various diameters (e.g., 200 mm, 300 -
mm, etc.). Also, other electrical components may be used in place of a variable capacitor,

such as a variable inductor, etc. In addition, an electrical measuring device, as described
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i nvention, the nost preferable range of the ratio Kis
about 1. [0040] Referring nowto FIG 6, a portion of
the matching network of FIG 5 is shown in which
vol tage anplitude is bal anced, according to one

- enbodi nent of the invention. While not wishing to be
bound by theory, it is believed by the inventor herein
that the optinmum bal ance configuration is for the
phase of the second voltage to be at 180 to the first
voltage. In general, when the voltage phases of two RF
powers are al nost the sane, the plasma spreads,
decreasi ng density and hence process speed. However,
when a vol tage phase difference is about 180 degrees,
the plasma density tends to be substantially higher.
[0041] WMatching network 332 transforns the conpl ex
i npedance of the plasma, as viewed fromthe
transm ssion line termnation, to about a stable 50
ohms and frequency of
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6. The arrangement of claim 1, wherein said second compensating circuit is a variable

capacitor.

7. The arrangement of claim 1, wherein said second compensating circuit is a variable

inductor.

8. The arrangement of claim 1, wherein said second compensating circuit and said

feedback circuit are integrated.
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What is clainmed is: . An arrangenent for processing a
sem conduct or substrate in a plasm processing system

W@ oo9possing: provi ding a RF coupling struct ur ePCIEUEI9094/635980
first termnal and a second term nal, said first
terninal bei ng coupled with a first electrica

ri ng devi sal s cond term nal bei ng. coup
ﬁf'fl 8%%%6“@9@61?@ iaW FeRSatd sseonsprRens J@aﬂrf«‘wglsapoupled to
&ﬂﬁpensatlng circuit to said second term nal; and

providing a feedback circuit coupled to recei ve
information fromsaid first electrical neasuring

100t g “BR e pEERRAL TPt el G A By aed b malehing
neak.r ol said conpensating circuit in order to keep a

ratio between a first electrical value at said first
term nal and a second electrical value at said second

s 77 R Bra BT BF Ut Y, BB ASE o o SpplTp o v

gevadbtue 1S vol tage. 3 The arrangenent of claiml1,
wherein said first electrical value is current. 4. The
arrangenent of claim1, wherein said second electrica

12va| Y b Yl ROEf clRim P\%e@&ﬁ%?ﬁjﬁ? tﬁngé Vzgllug Esr%e%WGEél about 0.5 and

wherel n saf d secon ‘ectrica 'S curr

abaitd.%arr angenent of claim 1, wherein said second
conpensating circuit is a variable capacitor. 7. The
arrangement of claim1, wherein said second

13COMIBRaAhA e‘hk BPélhﬁn l Swl?eré’lﬁ rshlﬁ%&iegﬂgaj %lﬁé is dbout'®95 and about
arrangenen claim 1, wherein'sald secon

12éonpensat|ng CIrCUIt and said feedback CIrCUIt are
integrated. 119. The arrangenent of claim1l, wherein
sai d second conpensating circuit is coupled to ground.

1410. TROGrraideARALHRA NPT, V’v;llle@élﬁ‘said praRE8bDvaas & bt
terminal is coupled to a matching

15.  The arrangement of claim 1, wherein said feedback circuit is microprocessor

controlled.

16.  The arrangement in claim 1, wherein said predefined value may be set to a new

value for each step of the process recipe.

17.  Anapparatus for processing a semiconductor substrate in a plasma processing
system, comprising:

a means of providing a RF coupling structure having a first terminal and a second
terminal, said first terminal being coupled with a first electrical measuring device, said
second terminal being coupled with a second electrical measuring device;

ameans of coupling a compensating circuit to said second terminal; and
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network. . The arrangenent of claim, wherein said
mat chi ng network is coupled to a RF generator. 12. The
wa@eeoatggsnent of clai mwherein said predefi ned REI/US2004035980
bet ween about 0.5 and about 1.5. 13. The arrangenent
of @lnadafil 3f proeideidla fRibhcRictdait cogded/l rueeivesindrniation) frém said
and about 1.25. 14. The arrangenent, of claim, wherein
firg glegtrisabmersupiag dewice and spidsrgand eleqtsicalrpeasuring Agyase an output of
sa18ff%e:al895rﬁ&lécé1¥g)%fn?o&%ﬁ®% g%sqtg&“séﬁcdo :éggnatlél 01rcu1|t in order to keep a
ratiol tmtme’h adist eliecirigall xdhmras slzﬂﬂ ifineek cﬂermahal andayeckmd&ﬁotﬁdal @alue at
ew val ue fqr each ste é@% cess recipe. 17. An
Smg gﬁﬂ§n9%ﬁuﬁﬁﬁg@§¥| ted ict or substrate in
a plasma processing systen1 conprising: a nmeans of
providing a RF coupling structure having a first
181 er Mheappasads af clemoh'd, wiererhsaild firstalebtfical salue ervltage.
bei ng coupled with a first electrical neasuring
devi ce, said second term nal being coupled with a
195€ec Q‘BQ aBpB&uE bEQhin TR ASHidrélf S8 VirsiesleciidiE ¢M8e gfcurrent
coupling a conpensating circuit to said second
ternlnal and 12a neans of providing a feedback
cir cou I_nf.or mat.i m.sai d first
20 ¢t refii SEaking P ol dn S BHECE PR R LOveebS
nmeasuri ng device, an output of said feedback circuit
bei ng enpl oyed to control said conpensatlng circuit in
2lor dé"%e egangssieng of eleinp 1 heyhesdin saidmpeosd alqeirical velue isvaurtgat.
at said first termnal and a second el ectrical value
at said second term nal substantially at a predefined
22val Tée apfarathbof dpipal Atwitereih saildabsont complasating cieditlis a variable
first electrical value is voltage. 19. The apparatus
CaRCitel. aj m 17, wherein said first electrical value is
current.

23.  The apparatus of claim 17, wherein said second compensating circuit is a variable
inductor.
24.  The apparatus of claim 17, wherein said second compensating circuit and said

feedback circuit are integrated.

25.  The apparatus of claim 17, wherein said second compensating circuit is coupled to

ground.

26.  The apparatus of claim 17, wherein said first terminal is coupled to a matching
network.

27.  The apparatus of claim 17, wherein said matching network is coupled to a RF

generator.
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20. The apparatus of claim 17, wherein said second
el ectrical value is voltage. 21. The arrangenent of

W@ b@sn¥s8T; wherein said second el ectrical val uUBCT/ES2004/035980
current. 22. The apparatus of claim17, wherein said
second conpensating circuit is a variable capacitor.

The appar at claim17, e aid second
coniSEﬁ%Raff%@ S g dlal { :.V@leaﬂ@a%lflawﬁeﬁn YAlioks bebyeen phgut 0.5 and
abgypRar at us of cIa|n117, wherei n said second

conpensating circuit and said feedback circuit are
integrated. 25. The apparatus of claim17, wherein
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126ermnal is coupled to a matching network. 27. The
apparatus of claim 17, wherein said matchi ng network
i's coupled to a RF generator 1328. The apparatus of

cIa Ln_s redeflne s. b t
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17, wherein said predeflned val ue i s about O. 75 and

about 1.25. 30, The apparatus of claim 17, wherein
3l.sai §heprmestihelrlaim Lie Whereim said f@baclqm@uappm@omgcmor
corfilo@bg? - Wherein said feedback circuit is

n1croprocessor controlled. 32. The apparatus in claim

, Wherein said predefined value may be set to a new

val ue for each step of the process recipe.
32.  The apparatus in claim 17, wherein said predefined value may be set to a new value

for each step of the process recipe.
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