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generally requires separate feed structures (e.g., separate RF generator, match
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[0003] Therefore, there is a need for an improved apparatus for semiconductor
substrate processing that utilizes a single feed structure to couple RF power

from multiple RF sources to an electrode.

BRIEF DESCRIPTION OF THE DRAWINGS

[0004] So that the manner in which the above recited features, advantages
and objects of the present invention are attained and can be understood in
detail, a more particular description of the invention, briefly summarized above,
may be had by reference to the embodiments thereof which are illustrated in
the appended drawings. It is to be noted, however, that the appended drawings
illustrate only typical embodiments of this invention and are therefore not to be
considered limiting of its scope, for the invention may admit to other equally
effective embodiments.

[0o005] Figure 1 depicts an exemplary block diagram of the RF structure of the

present invention;
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DETAILED DESCRIPTION

[0012] The present invention generally relates to semiconductor substrate
processing in a plasma enhanced semiconductor processing chamber. More
specifically, the present invention is a dual frequency, variable shunt matching
circuit for coupling two RF sources through a single feed to an electrode in a
plasma enhanced semiconductor processing chamber.

[0013] Figure 1 depicts a simplified block diagram of a plasma enhanced
semiconductor processing chamber having a dual frequency, variable shunt
matching circuit. A plasma enhanced processing chamber 100 according to the
present invention includes a chamber 102, two RF power sources 104, 106 and
a dual frequency matching circuit 108. The chamber 102 includes a powered
electrode 110 and a grounded electrode 112. A single feed line 114 from the
dual frequency matching circuit 108 electrically couples the sources 104, 106 to
the powered electrode 110. The chamber 102 is otherwise similar to a
conventional plasma enhanced processing chamber.

[0014] The RF sources 104, 106 are independent, frequency-tuned RF
generators. The RF sources 104, 106 may be configured to provide RF power

to the chamber 102 in any desired frequency to control characteristics of the
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L-type circuits, however, other common match circuit configurations, such as
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[0016] Figure 2 is a representative circuit diagram of one embodiment of a
dual frequency matching circuit 108 having dual L-type match topography. The
matching circuit 108 generally includes a low frequency (first) tuning sub-circuit
202, a high frequency (second) tuning sub-circuit 204, and a generator isolation
sub-circuit 206. First sub-circuit 202 comprises variable capacitor C4, inductor
L4 and capacitor C,. The variable capacitor C4 is shunted across the input
terminals 210A, 210B from the 2MHz source and the inductor Ly and capacitor
C, are connected in series from the input terminals 210A and 210B to the
common output terminal 212. In one embodiment, variable capacitor C is
nominally variable from about 300pF to about 1500pF, inductor L4 is about
30uH, and capacitor C is about 300pF.



108 includes two inputs that are connected to the

i ndependent frequency tuned RF power sources 104, 106
wabkotswesmepar at e frequenci es and provi des a coORUDUSERB4/039081

out put to the processing chanber 102. The mat ching
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between a source and the load (e.g., the plasma). Where the series and shunt
elements are varied, the elements responsible for matching one of the source
frequencies can impact the load impedance seen by the elements responsible
for matching the other source frequency. For example, Figures 3A and 3B
show how the tune space for 2MHz and 13MHz shifts when the other
frequency’s match elements are varied. In Figure 3A, the shunt components
(e.g., capacitors C4 and C4 in Figure 2) are shown to have little or no effect on
the other frequency’s tune space (as depicted by overlaying lines 302 and 304,
and 306 and 308). However, when the series component corresponding to one
frequency source (e.g., inductor L, and capacitor C, or inductor L, and
capacitor C; in Figure 2) is varied, the tune space for the other frequency shifts.
Figure 3B depicts the effect of varying the series component at 13MHz. When

the 13MHz series component is varied, the 2MHz tune space shifts. This is
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capaci tor C3, inductor L2 and variable capacitor CA4.
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[clogg]gerExg\r%eprlésa%f plasma enhanced semiconductor processing chambers
that may be adapted to benefit from the present invention include, but are not
limited to, the eMax™, MXP®, and ENABLER™ processing chambers, all
available from Applied Materials, Inc. of Santa Clara, California. The eMax™
processing chamber is described in United States Patent No. 6,113,731, issued
September 5, 2000 to Shan et al. The MXP® processing chamber is described
in United States Patent No. 5,534,108, issued July 9, 1669 fo Qian et al., and
United States Patent No. 5,674,321, issued October 7, 1997 to Pu et al. The
ENABLER™ processing chamber is described in United States Patent No.
6,528,751, issued March 4, 2003 to Hoffman et al.
[0023] Figure 5 depicts a partial schematic, cross-section view of a
capacitively coupled, plasma enhanced processing chamber 500 suitable for
use with the present invention. In one embodiment, a process chamber 500

includes a grounded chamber body 502 and at least one coil segment 518



[ 0020] The design of the present invention, however,
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shunt conponent tuning wthout the undesirable

side-effect on the other frequency's tune space.
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[0026] In operation, a substrafe 514 is dlsposed in the processing chamber

500 and held to the support pedestal 516 by the electrostatic chuck 526. A
process gas is introduced into the chamber body 502 through the gas inlet 532

by the gas source 508. A vacuum pump, not shown, maintains the pressure
inside the chamber body 502 at operating pressures — typically between about
10 mTorr to about 20 Torr.

[0027] The RF source 104 provides about 5000W of RF voltage at 13.56 MHz
to the cathode 527 through the dual frequency, variable shunt matching circuit
108, thereby exciting the gas inside the chamber body 502 and forming a
plasma 510. The RF source 106 provides about 5000W of RF voltage at a
frequency of about 2 MHz to the cathode 527 through the dual frequency,
variable shunt matching circuit 108. The RF source 106 provides bias power

that both self-biases the substrate and modulates the plasma sheath. After a



United States Patent No. 5,674,321 , issued COctober 7,
1997 to Pu et al. The ENABLER(tn) processing chanber
wo0dase97 bed in United States Patent No. 6, 528CTA$2004/039081
i ssued March 4 , 2003 to Hoffrman et al. [0023] Figure

5 depicts a partial schematic, cross-section view of a
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retaining a substrate 514 beneath the gas inlet 532.
[0024] The electrostatic chuck 526 is driven by a DC
power supply 520 to devel op an electrostatic force
that holds the substrate on the chuck surface. The
cat hode 527 is coupled to a pair of RF bias sources
104, 106 through a dual frequency, variable shunt
matching circuit 108. The bias sources 104, 106 are
general |y capabl e of producing an RF signal having a
frequency of from about 5CkHz to about 14.2MHz and a
power of between about 0 and about 5000WAtts. The dua
frequency, variable shunt matching circuit 108 matches
t he i npedance of the sources 104, 106 to the plasma
i npedance. A single feed 114 couples energy from both
sources to the support pedestal 516. [0025] The gas
inlet 532 may conprise one or nore nozzles or a
shower head. The gas inlet 532 may conprise a plurality
of gas distribution zones such that various gases -
whi ch, when ignited, forma plasma 510 - can be
supplied to the chanber body 502 using a specific gas
di stribution gradient. The gas inlet 532 may form an
upper el ectrode 528 that opposes the support pedest al
516.



[0026] In operation, a substrate 514 is disposed in

t he processing chanber 500 and held to the support
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gas is introduced into the chanber body 502 through

the gas inlet 532 by the gas source 508. A vacuum
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i npedance of a second RF signal generated by a second

33': SOHiE %pbgrétns oifr@%?“é? %vhoéreﬁ"lhs r%%ﬁ%’net g}?acseGSP{h% first and

second RF sources is controllable by the shunt components.

4, The apparatus of claim 2, wherein a match tune space of the first and
second RF sources is controllable by varying at least one of a first and a
second frequency of a signal respectively generated by the first and second RF

sources.

5. The apparatus of claim 1, wherein the first and second RF sources each

have a 50 Ohm output impedance.

6. The apparatus of claim 1, wherein the first and second sub-circuits are
fixed in a predetermined configuration prior to performing a patrticular process in

the processing chamber.



sub-circuit connected to the first sub-circuit to form

a common output that is coupled to the el ectrode. 2.
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the first and the second RF sources. 8. The apparat us
of claim1, further conprising: an isolation

% ub- cAppaiatus for matsrdng ithe) ippedancaiph i pair Hf &R sdurkes coupled
’c8]c at I%?ngle electrode to the impedance of a plasma in a semiconductor
substrate processing chamber, comprising:

a first sub-circuit for coupling to a first RF source and having a first set of
fixed series components and a first variable shunt to ground; and

a second sub-circuit for coupling to a second RF source and having a
second set of fixed series components and a second variable shunt to ground,
the second sub-circuit connected to the first sub-circuit to form a common

output that is coupled to the electrode.

10.  Apparatus for matching the impedance of a pair of RF sources coupled
to a single electrode to the impedance of a plasma in a semiconductor
substrate processing chamber, comprising:

a processing chamber comprising at least a first electrode;

a first RF source;

a second RF source; and

a dual frequency matching circuit, comprisihg:

a first sub-circuit coupled to the first RF source; and



first and second RF sources from being coupled to the

other of the first and second RF sources. 9. Apparatus
woanosmatohi ng t he i npedance of a pair of RF SOBCTAS2004/039081
coupled to a single electrode to the inpedance of a

pl asma in a sem conductor substrate processing

chanber, conprising: a first suP-circ it for cou Iing

to a firstaREeENe cbaiicUia¢rHBled 19 (e sepord ?Fx% rce and
serie ﬁm&%&P fd S abl :
ground; an aﬁggg%ﬁgggu p@??@&??ﬁ?ﬁ?c?gﬁ@ﬁ?%ghﬁ%ﬂgﬂ|scouMed

second tRE fissiugleetradhel havi ng a second set of fixed
series conmponents and a second variable shunt to
ground, the second sub-circuit connected to the first

b- ¢ | .0 ; Bu ' T
o TR g uECEM G TIEQHRAL R Wt o Setaho bcrouts
eagheflathes compispai r of RF sources coupled to a single

el ectraode to the i dance of a plasma in a

sem cohtst e BXat PRERES s cieeSh e iR

conprieAst orfe PARSIIE TGt EHRPBAENCEIANdCR DD Glouhgast a
first electrode; a first RF source; a second RF

source; and a dual frequency matching circuit,

E oLt ppafil Al L phbBain A MR U beScd bf e first and
SRR REobfsECie controliapleast theé shuint Benifponshts.
sub-circuit to forma common output that is coupled to

the first electrode. 11. The apparatus of claim 10,

yher eppo falﬂgla%tggtsqfaél‘gin??.‘foﬂl‘ﬂe?éiﬁ 'ag Ha‘féﬂ .ttt?nee%gé‘cef gf nt{b:’;first and

conpri se one fixed se series comnpone

ssubnat RFeaslreaseisy soharbliable hmntvapdmy ateletst onsest adfitsd and a
round,
sgeco%d frequency of a signal respectively generated by the first and second RF

sources.

14.  The apparatus of claim 10, wherein the first and second sub-circuits are
fixed in a predetermined configuration prior to performing a particular process in

the processing chamber.

15. The apparatus of claim 10, wherein the impedahce of the first and
second RF sources is matched to the impedance of the processing chamber
during processing by at least one of:

varying at least one value of a component of the first and second sub-
circuits during operation of the processing chamber; or

varying the frequency of at least one of the first and the second RF

sources.
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12. The apparatus of claim1l, wherein a match tune
space of the first and second RF sources is
woanisroeédoabl e by the shunt conmponents. 13. ThePCT/US2004/039081
apparatus of claim11l, wherein a match tune space of
the first and second RF sources is controllable by

varyi I st d cond frequency . .
" 4 1 Baparilis ot 0 uheiin 3€ el Redhenet FEHERRY cirouit
rces. 14. The apparatus of claim 10,

faﬁggggﬁ ?ﬂgéglrst and second sub-circuits are fixed in

a pr eareﬁmiaﬂareeubmuglimaprayﬂnpng qower suppliedrfrarg either of the
rti u ar ess in the roceSS|n 15 .The

i3 b onR RFcoirets Wi el ERUPRA-EARIRC Rt R8st and

g‘elcbﬁa Rpdogreend RF sources is matched to the

i npedance of the processing chanber during processing

by at | east one of: varying at |east one value of a

conponent of the first and second subcircuits during

operation of the processing chanber; or varying the

frequency of at |east one of the first and the second

RF sources. 16. The apparatus of claim 10, wherein the

dual frequency matching circuit further conprises: an

i solation sub-circuit for preventing power supplied

fromeither of the first and second RF sources from

bei ng coupled to the other of the first and second RF

sour ces.
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